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This stidy examined the relationship between a child’s auditory
and verbal skills and the noisiness of his home. Expressway traffic
was the principal source of noise. Initial decibel measurements in
2 high-rise housing development permitted use of floor level as an
index of noise inlensity in the apartments, Children living on the
lower floors of 32-story buildings showed greater impainnent of
anditory  discriniination and reading  achievement than children
living in higher-floor  apartments. Auditory discrimination ap-
peared o mediste an association between noise and reading def-
feits, and lenpth of residence in the building affected the magni-
tude of the correlution between noise and auditory diserimination.
Additional analyses ruled ont explanations of the anditory diserim-
ination effects in terms of social class variables and physiological
damuge. Partialling out social class did, however, somewhat reduce
the magnitude of the relationship between noise and reading def-
joits. Resulls were interpreted as documenting the existence of
long-term behavioral aftereffects in spite of noise adaptation. Dem-
onstration of postnoise consequences in a real-life setting supple-
ment laboratory reseasch showing the stressful impact of noise on
hehavior-
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Laboratory-produced noisc has few direct effects on behavior; people
adapt to noise (Kryter, 1970). But noise and other stressors—at Teast
where they are unpredictable and uneontrollable—do have aftercffects
which appear relatively soon after stimulation is terminated (Glass &
Singer, 19724,h). Degradation in task performance, along with lowered
frustration lolerance and impaired ability to resolve cognitive conflict,
have been the aftercflects most often observed in previous research.
Other more or less immediate consequences of noise exposure, for ex-
ample, verbal learning deficits, have been alleged to occur { Cohen,
1969), but there is as yet little systematic evidence to support this
allegation.

Studics of the delayed effects of noisc stress are more equivocal. Some
investipators report negative hehavioral cffects under certain conditions
{¢f., Rodda, 1967), whereas others indicate that noise has little impact
on later behavior (cf., Kryter, 1970}, On the other hand, several field
stdies  clearly document the existence of delayed consequences of
stressors other than noise. Grinker and Spiegel {1945}, for example, re-
purt that soldiers who wae relatively calm during combat manifested
severe attacks of anxicty months later and miles removed from the scene
of battle. The individeal showed adaptive behavior during the stressful
period, yet continned exposme to the stressor produced cumulative ef-
fects which appeared only after stimulation had ceased. It is as if the
individual did not experience the maximal impact of the stressor until
he was no longer required to cope with it; only then did behavioral
cffects of the event become evident.

A principal purpose of this paper is to report systematic data in support
of an hypothesized association between noise stress and subsequent be-
havior. More specifically, we will present evidence suggesting that a
child’s ability to learn verbal skills is in part related to the noisiness of
his home environment and how Iong he has resided there. Penetration
of traffic sounds into the home was selected as our exemplar of noise
stress because previous surveys report that roadway traffic is a major
source of noise disturbance { McRennell & Hunt, 1966). It seemed reason-
able to assume, therefore, that learning deficits might also covary with
exposure to chronie traffic noise.

Cognitive variables such as unpredictability of noise and perceptions
of uncontrollability over noise offset were critical in producing be-
havioral aftereffects in previous laboratory experiments (Glass & Singer,
1972a). Unlike this carlier research, we were unable to manipulate these
variables in the particular field setting selected for study. We simply as-
sumcd that subjects were unable to do anything about intermittent traffic
noise and then proceeded to examine the relationship between verbal
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skills and apartment noisiness. Prior research had in fact shown that
decibel level contributes to the production of noise aftereffects (Glass,
Singer & Friedman, 1969, Expt 1). The cognitive context in which noise
occurs is often more important than sheer magnitude of stimulation, but
physical parameters may still play a role in the occurrence of aftereffect
phenomena (cf., Glass & Singer, 1972a).

Two general lines of thought led to the research described in this
paper. The first stems from the speculations of Deutsch (1964) that a
child reared in a noisy enviromment eventually becomes inattentive to
acoustic cues which, in tum, leads to impaired avditory d'serimination.
In tuning out his noisy enviromment, a child is not likely to distinguish
hetween speech relevant and speech irrelevant sounds, He will, there-
fore, Tack experience with appropriate speech cnes and show general in-
ahility to recognize relevant sounds and their referents. The inability to
diseriminate sounds is presumed lo account, in part, for subsequent
problems in learning to read. A child who cannot readily discriminate
hisic speech sounds faces o difficult task in lomming to associate these
sounds with their appropriate signs. Deutsch reports correlational data
consistent with a hypothesized relationship between auditory discrim-
fnation and reading,

A second fact which motivated the present study was the desire to
extend previous research in several new directions simultaneously, First,
we wished to examine the possibility that noise aftereffects include com-
plex learning deficits as well as simple performance degradations. Second,
we wished to test the notion that prolonged exposure to noise may be
related to delayed aftereffects in the form of impaired reading perform-
ance. Third, we were convinced of the value of moving into the field in
order to test real-life counterparts of the aftereffects observed in the
laboratory. The study reported here was undertaken for all of thesc
reasons, as well as for the purpose of examining some of Deutsch’s the-
oretical notions.

To give an overview of the research, elementary school children living
in four 32-floor apartment buildings that span a heavily traveled express-
way were tested for auditory discrimination, reading level, and related
task performances. Noise from the expressway raised the ambient level
at the adjacent bases of the apartment buildings to approximately 84
dBA. The noise level decrcased within the buildings as one moved from
lower to higher floors. The floor of each subject’s apartment was there-
fore taken as an index of noisiness of his home environment. The other
major independent variable was length of time a child had lived in
his apartment. It was expected that positive correlations would be ob-
tained between floor and auditory discrimination, and between the lat-
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ter variuble and percentile scores on a standardized test of reading
achicvement. It was also expected that the former association would be
grester the Jonger subjects had lived in their apartments. Indeed, it was
anticipated that the correlation would decline substantially when length
of residence was below some critical nuinber of years., The rationale for
this prediction s that the longer a child is exposed to uncontrollable
noise, the more he learns to “flter” both relevant and irrelevant sounds
out of awareness. This progressive imattentiveness to acoustic cues could
well Iead to greater impairment of auwditory discrimination, hence to
deficits in reading ability.

METHOD

Subjects

Subjeets consisted of 73 second-, third-, fourth-, and ffth-grade elementary school
children whose parents guve permission to the school principal for their inclusion
in the study. The names of these children were abtained from a school listing,

dighleen cises wore climinated for the following reasons: (a} four becanse they
could burely speak English; (h) eight becanse they no longer lived in the apartment
Imiklings of interest; {¢) two hecause they were absent on one or more days of test-
ing; (d) one becanse he was emotionally disturbed and testing scemed inadvisahle;
and {¢) three heeanse they had shown hearing defieits on an audiometric threshold
lest. The final sumple consisted of 54 cases—29 boys and 25 girls.

Setting of the Study

Ali childven in the sample lived in the Bridge Apartments built in 1964 on bridpes
spanning Interstate 95 in the upper part of Manhattan in New York City. The apart-
ment buildings consist of four 32-story aluminum towers. Open highway vents and
vertieal surfaces of the buildings preduce high noise levels and an “echo chamber”
effect. The buildings were constructed with the aid of a mortgage loan from the New
York State Housing Finance Agency. The law limits admission to this housing de-
velopment to so-called middle-income families. The children in the sample all at-
tended a public elementary school not far from the apartments. Testing of the chil-
dren was conducted on an individual basis in a room in the school set aside for this
parpose

Noise Measurements

Three types of noise measurement were made. The first consisted of a series of
decibel readings outside each of the four buildings at five locations around the base
of the building: (a) one at the center of the building length; {b) two at the center
of the building width; and (c¢) two at the comers of the building immediately ad-
jacent to the expressway. All readings were taken with a General Badio sound-level
meter {type 1561-A) and a General Radio microphone (type 1560-P7). A wind-
screen was not used since wind velocity never exceeded 7 mph on the days of meas-
urement. The meter was checked against its internal calibrator on the morning of
July 8, 1672, and the actual readings were taken between noon and 1 pm on July 6
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and repoated wf the sune e on July 7. Readings were mude on the A-scale with a
slow Himn constiamt

The procedure used in making nuise measurements was as follows. The experi-
menter held tie meter in ope hand and the microphone in the other, the latter ap-
proximately 3 1t from the gronnd and verlical. The neise source was thus perpen-
dicular to the microphone The meter was observed for 5 min at each data-collection
point and the modal reading recorded on a writing pad. Peuk deflections due to pass-
ing trucks and buses were ignored The recorded readings were, therefore, conserva-
tive estimates of the noise levels.

A second set of ambient measurements was made in the hallways of three of the
four apartment buildings The purpose of these measurements was to provide a check
on the assminption that noise level decreased as one moved from lower to higher
floors. Noise generally dissipates as it moves away from its source { Knudson & Harris,
1950). Empirical support for this assumption pzrmitted wse of the floor of each
subject’s apartment as our index of noisiness.

Hallway measurements were made on July 7 between ]| and 3 #Mm, and again on
July 14 and 15 hetween 1 and 4 pa. Measurements were taken on Roors 8, 14, 20, 26,
and 32. The sound-level meter was located in front of closed hallway windows which
overlooked the exprossway. The procedure for ahserving antd recording meter readings
wiars iedentical to tha! used for outdoor measurements.

Noise bevel readings wore also taken in about 454 of the apartments included in
the sample Measurenents were made in the living room with the window closed—
this being the more typical pattern during miost months of the year. Very few apurt-
ments hoad air-conditioning which might mask traffic noise.

Muoasures of Perfurmance and Learning

Auditory discrimination. This variable was measared by the Wepman { 1958)
Auditory Diserimination Test. It consists of 40 pairs of words, 30 of which differ
from each other in cither initial or Bnal sound; for example, “gear-beer” or “cope-
coke” Each word pair is maiched 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 presented to each child through earphones. The child
was required to report if the two words in each pair were the same or different. The
suore was the number of correct responses for word pairs that were different.

Reading, The Metropolitan Achievement Tests { Durost, Bixler, Wrightstone, Pres-
cott, & Balow, 1971) are routinely administered in New York City elementary schools.
Annual administration of these tests occurred soon after the initial testing session
{see below). The tests yielded three pereentile scores based on national norms: (a)
word knowledge, or reading vocabulary (WK); (b) reading comprehension {RC);
{c) reading tatal (RT)—a percentile score based on a weighted average of the frst
two raw SCores.

Other measures. Two additional tests were administered for exploratory purposes.
Previous research {Glass & Singer, 1972a) had shown that performance on the Stroop
(1835) Color Word Test is affected by high-intensity noise and, accordingly, we
administered an adaptation of the color-ward test (Uleman & Reeves, 1871) to our
subjects. A noise-making test developed by ane of the suthors (SC) was also given
to the subjects. Distributions of scores on both tests failed to show systematic associa-
tions with other variables in the study. For this reason, we do not discuss these
measures in the remainder of this paper.
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Control Varighles

Audiometric test. A major purpose of this study was to test for the relationship
between nofse level, auditory discrimination, and reading ability. Children with
hearing Joss would not constitute an appropriate sample for examining this relation-
ship. Aceosdingly, an audiometric pure tone threshold test was administered to a
majority of the subjects by a professienal audiometrist. Thresholds were determined
separately for each ear. As we indicated earlier, three cases were eliminated from
the putential sample because their detection thresholds in at Jeast one ear were above
what is eonsidered normal range.

Social background and experiental fuctors. Each subject was given a guestionnaire
ir which he was asked how long he had lived in his current apartment, and how
many brothers and sisters he had. The same questions were asked of the parents in a
mailed questionnaire sent out several weeks after testing was completed * Included
in that gu stiormaire were additional items asking for the parents’ educational Jevels,
where rosponse categories ranged from 1 = “Less than cighth prade” through 5 =
“Some col'vm” o 8- "PHDY, MDD, other advapced degree” Alse in the parents’
questionnaires wore s pitir of ftems asking for subjective ratings of the noisiness of
the respisden’s apartiment. Average matings on the two ilems for ol respondents
who reduened the questionoaire (N = 44) were 35 pmd 30, respectively, where o
rding of 737 wmeans Taboul average noisiness.” However, both sets of ratings failed
1o show comsistent relalions with floor fevel and other varisbhles of interest in this
study. We will s, therefore, discuss these data in subsequent sections of the paper

Date Collection

The stndy was conducted in several phases. In an jnitinl testing session in the
school, chiklren were piven the anditory diserimination test, the Stroop test, the
noisc-inasking test, and the bwe-item questionmaire. The reading achievement test
way administered by school authorities severnl weeks after this initial session, and
percentile scores were made available about 2 mo later. The sudiometric threshold
test was given about a month after the first session, and soon after that, the parent
questionneire was mailed to the mothers of the 54 childven in the sample. Follow-up
letters and telephone ealls brought the questionnaire response rate up to 80F.

Methods of Analysis

The sample of 54 cases was first separated arbitrarily into two eriterion groups:
34 children whe lived in the Bridge Apartments for 4 yr or more, and 20 children
who lived there 3 yr or less. Response to the length-of-residence item in the parenty’
questionnaire was the basis for this division, except for instances of nonresponse, in
which case we used the children’s responses. A subsequent analysis divided
the sample into different length-of-residence groups.

Spueific procedures of data analysis included simple correlations between variables
of interest within each criterion group. Partial correlation and regression procedures
were used to determine the amount of variance in awditory discrimination and

* As already noted, all of the parent guestionnaires were not returned. In cases of
nonresponse, we followed the procedure of using the child’s answer to the length-of-
residence and number-of-siblings questions in lieu of parental answers. Discreﬁnncies
hetween the two sets of responses were minimal.



AUDITORY AND VERBAL SKILLS 413

reading-test percentile seores accounted for by apartment noise level. Such technigues
also permitied control over potential artifactual variables such as social class.

RESULTS

Noise Levels Inside and Outside of the Apartment Buildings

The mecans of all outside decibel readings taken on 2 successive days
were 78 dBA, 78 dBA, 75 dBA, and 76 dBA for the four buildings. These
values are based on measurements made at the sides of the buildings
overlooking the expressway, as well as at the sides facing cross streets
where traflic noise was considerably lower. Confining ourselves only to
readings taken at the building points overlooking Interstate 93, the
means for the 2 days of recording were 84 dBA, 84 dBA, 83 dBA, and 84
dBA. Judging from cither set of locations, the ambient noise level sur-
rounding the Bridge Apartments is relatively high.

Noise measurements were also made ot the hallway windows over-
looking the expressway in three of the four buildings.! On 3 separate
days, recordings were taken on approximately every sixth floor heginning
with the eighth floor. The overall averages of the readings for the three
buildings were: 55 dBA for the 32ud floor; 58 dBA for the 26th {loor; 60
for the 20th floor; 63 for the 14 Hoor; and 66 for the 8th floor. Reeall that
these values are conservative estimates, since recorded readings excluded
peak deflections due to impulsive sounds such as those made by trucks.
The results provide necessary evidence for the assumption that ambient
noise level dissipates as onc moves away from the source of noise. A
product-moment correlation between floor level and decibel values
yiclded a coefficient of — .90, On the basis of these results, fioor level was
used as the index of noisiness in subsequent analyses. Further support
for this decision comes from the noise readings taken in the 45% sub-
sample of apartment living rooms. For these data, noise level correlated
~ .77 with floor.

Floor, Auditory Discrimination, and Reading

The correlation between floor level and auditory diserimination test
scores was +.48 (32 df, p < .01) for the sample of children living in the
Bridge Apartments for 4 yr or more (hereafter called the primary
sample). The corresponding correlution for the secondary sample (that
is, those children living in the Apartments for 3 yr or less) was a clearly
nonsignificant — .06.

In the primary sample, the relationships between auditory discrimina-
tion and reading test percentile scores were +.55 (WK), +.48 (RC)

>

*One building did not have hallway windows that overlooked the expressway.
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and +.53 (RT). All three correlations were significant at beyond the
.01 level. The corresponding coefficients for the secondary sample were
+31 (WK), +.37 (RC), and +.34 (RT), each of which approache
statistical reliubility at the .10 or 15 Jevels. It should be remembered,
however, that the secondary sample consists of only 20 cases,

The preceding pattern of positive conelations indicates that auditory
discrimination is indeed related to reading, and floor Jevel is inversely
related to the ability to make auditory discriminations—at least among
subjects in the primary sample. The fact that the floor-discrimination
correlation did not appear at all in the secondary sample (r = —.08) sug-
gests that duration of noise exposure may be eritical in mediating this
relationship. The next analysis was designed to examine this possibility
by using length of residence in the apartments as an index of duration
of noise exposurc.

Variations in length of residence. The total sample was divided info
four different length-of-residence groups as follows: (a) 6 yr or more;
(b} 459 yr; {c) 2-39 yr; (d) 0-1.9 yr.* Correlations between floor and
auditory discrimination were computed for each criterion group, and
they appear to increase as the sample becomes increasingly limited to
those who have resided in the apartments for longer periods of time, The
corrclations are lowest for the groups living in the apartments for less
than 2 yr and for 2-39 yr (—.02 and —.08, respectively). For those who
resided there for 4539 yr and 6 or more yr, the respective correlation
valucs are .41 amd +.64. Duration of noise expusure is thus related to
impairment of discrimination ability, and the latter variable seems to be
implicated in the oceurrence of reading deficits.

Potential Artifacts in the Noise-Discrimination-Reading Relationship

The general consistency of results might suggest that some more
basic factor or artifact is at work. For example, it could be argued that
social class is responsible for the correlations reported in this paper.
Apartments on higher floors typically command higher rentals and are
thercfore occupied by families of higher sociceconomic status. It has
been suggested that such families devote considerable time to teaching
their childien verbal skills which are then reflected in higher test per-
formance (cf., Sewell & Shah, 1968). Indeed, correlations within 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 results.

* Length of residence in the Apartments did not correlate with floor level in either
primary or secondary samples (r's were +.I8 and —.19, respectively).
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"Two factors argne against this conclusion. First, the sample itsclf rep-
resents a restricled sociocconomic range since residency in the Bridge
Apartments is limited by law to middle-income families. Second, the
price range of rentals hetween lower and upper floors is rclatively narrow.
For example, three bedroom apartments rent for between $235 per month
and $250 per month, and two bedroom apartments for $185-$219. Third,
correlations between floor level and reading scores in the secondary
sample {r’s < .20) did not even approach the significant values obtained
in the primary sample. If differences in social class are responsible for
our results, they should be operative irrespective of length of residence
in the apartments.

On the other hand, mother’s educational level in the primary sample
correlated significantly with reading seores [+.51 (WK), +.55 (RC),
and + 54 (RT)], and floor level corelated +.41 with mother’s educa-
tion. These indings dictated the decision to control for social class eflects
by computing partial correlations within the primary sample. Correla-
tions were calentated between floor Tevel and auditory diserimination,
partialling ont the effects of mother’s educational level and then father’s
educational Tevel, The coeflicients were +.43 (31 df, p < .02) and + 45
(29 clf, p < .0L), respectively. Both values are essentially the same as
the + .48 correlation obtained without partialling out social class.

We next computed a scries of correlations between auditory diserim-
ination and reading scores, again successively partialling out mother’s
education and father’s education. Controlling on mother’s education,
the partial coefficients were +.51 (WK), +.43 (RC), and +.48 (RT).
All three are statistically significant at the .02 level or beyond. The cor-
responding correlations with father’s education held constant were -+ .47
(WK), +.42 (RC), and +.46 (RT). These coefficients compare favor-
ably with the values obtained without partialling procedures; i.e,, +.55
(WK), + 48 (RC), and +.53 (RT).

Finally, we computed correlations between floor level and reading
scores partialling out the effects of mother’s and father’s education. The
partial cocficients, 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, and .08 levels, respectively. This repre-
sents a decline from the unpartialled correlations between floor and
reading scores, which were of the order of + .43 (see above). The partial
cocflicients with father’s education held constant were: +.35 (WK),
+.33 (RC), and +.37 (RT). While somewhat lower than the unpar-
tinlled correlations, these values (with 29 df) are significant at the .06,
08, and 05 levels, respectively.

In general, then, the relationship between floor (i.e., noise level} and
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auditory discrimination does not result from a social class artifact—at
Jeast as measured by the indices used in this study. The same conclusion
applies to the refationship between aoditory discrimination and 1eading
achicvement. However, it is also tine that only part of the common vari-
ance between reading scores and  auditory discrimination is direetly
attributable to floor Tevel, The fact that partialling out social class
reduced somewhat the correlation coeflicients between floor and read-
ing supports this additional conclusion. On the other hand, correla-
tions hetween floor and reading scores were also reduced when auditory
diserimination was partialled out: |[+.23 (WK), + 25 (RC), +.28
{RT)]. We may thus conclude that deficits in reading are, in pat,
mediated by nuisc.-related impairments in auditory diserimination.

Stepwise Regression Analysis

Most of the correlational values reported above suggest associations of
respectable mapgnitude. It would be instructive, therefore, to examine
the amounts of varfance in dependent variables actually accounted for
by various independent variables. A stepwise regression procedure equiv-
alent to analysis of covariance (Cohen, 1968) was carried out on data
from the prinmmry sample.

Table 1 presests these results with anditory discrimination as the de-
pendent varinble. Along with floor and social class indices, the analysis
included grade of the ¢hild and number of children in the family.
Socioeconomic variables were entered into the regiession equation hefore
introducing floor level. However, it is immediately apparent that fluor
accounts for a major proportion of the total variance (19%). Father’s
education, number of children, and grade level also provide reliable con-
tributions (12, 10, 6%, respectively). Mother’s education does not enter

TABLIC 1
AMoOUNT oF THE ToTal: VARIANCE IN AUDITORY DISCRIMINATION ACCOUNTER
o nY Vaous INperospENT VARTABLES

Variance necounted for

Independent variablest (9}
Floor level 18
Father's edueation 12
Number of children in the family 10
Grade level 6
Maother's edneation 0

* These fnetors were not entered into the regression equalion in the order presented
here. Socioeconomic and background varinhles were introduced before floor level.
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TABLE 2
Amount ofF Tt Torat Variancs 1N IeapiNG Test PERCENTILE SCORES
AcCounNTED ¥or BY VARIOUS INDEPRNDENT VARIABLES

Vurianee accounied for

(%)
Woerd Reading Reading

Knowledge  Comprehension Total

Independent variabless (WK) {(RC) (RT)
Audilory diseriminulion 20 ] 12
Maother's education 23 27 25
Number of children in the fumily 5 b 6
Father's eduntion 0 4 3
Grede bevel 2 1 1

s These factors were not enlered into the regression equation in the order presented
here. Soticeconvmic sud background varinbles were introduced before auditory
diserimination

the picture, but this result probably reflects the high correlation between
mother’s and father’s educational attainment ( -+.67).

Table 2 summarizes the regression analysis for the three reading test
scores. Sociceconomic variables were again introduced before enter-
ing auditory discrimination into the regression equation. As expected,
mother’s education contributes the greatest amount to variability in these
scores. Auditory diserimination, also as expected, provides the next
largest contribution.

Table 3 shows the degree of relationship between floor and reading

TABLE 3
AmoOUNT oF THE ToTAaL Vanianes N KeEapine Test Pruckntine Sconns
AccounTteEDp FOR BY VARIOUS INDEPENDENT VARIABLES

Variance recounted for

(%)
Word Reading Reading

Knowledge  Comprehension Total

Independent varigbiess (WEK) {RC) (RTY
Floor level 3 2 4
Mother’s educntion 23 27 25
Number of children in the family b 8 6
Father's education 0 4 3
Grade level 2 1 1

= These fnctors were not entered into the regression equation in the order presented
here. Soctoeconomic and background variables were introduced before floor level.

’
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TABLIS 4
Amount or s Tovan Varianee v Reaping Terr Pruosnting Sconrs
Accountep For #y Vaimous INDEPENDENT VARIADIES

Variance accounted for

(%)
Word Reading Reading

Knowledge  Comprehension Total

Independent varinhlese {(WK) §i183} {RT)
Auditory discrimination 20 8 12
Floor level 0 0 0
Mother's education 25 27 25
Number of children in the [amily H 8 6
Futher's education () 4 3
(irade level 2 1 1

@ These fnelom were md entered inda the regression equation in the order presented
here. Soeioeeonmnie aned buekgronnd varinbdes were indrodues) bofore aoditory dis-
erimimetiog wid foor lovel

scores independent of such factors as social class. 1t is fimmediately ap-
parent that the largest contribution to variability in reading is attribut-
able to mother’s education. The contiibution of floor level is relatively
small, which confirms the previously presented partial correlations be-
tween floor and reading. However, it is also important to note that the
contribution of floor drops to zero when auditory diserimination is intro-
duced into the multiple regression analysis {see Table 4)}. Clearly, the
effects floor (i.e., noise} level upon reading achievement is mediated by
the impairment of auditory discrimination. The 1egression procedure,
then, confirms the previous correlational analyses.

DISCUSSION

The findings of this study are clear. Apartment noise level accounts
for a substantial proportion of the variance in auditory discrimination,
and the latter variable contributes significantly to variance in reading
achievement. The results of the partial correlation and regression anal-
yses also suggest an association between noisiness of the home environ-
ment and subsequent difficulties in learning to read.

But why is noise level related to deficits in acoustic discrimination?
Why does auditory discrimination appear to mediate a relationship be-
tween noise and reading? Why does length of noise exposure affect the
magnitude of these associations? The following discussion attempts to
provide an integrated set of answers to these questions.
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Our original thesis was that prolonged noise exposure is directly re-
lated to the inability to attend to acoustic cues. The basis for this as-
sumption can be found in studies demonstrating habituation to high-
intensity noise (Glass & Singer, 1972a). The results of such research
suggest thut repeated noise exposure activates a kind of central filtering
mechanism in the individual (cf., Broadbent, 1958, 1971), in which dis-
turbing sounds are deliberately excluded from immediate attention. It is
not unreasonable to expect exaggeration of this filtering process in chil-
dren who are exposed to prolonged noise stimulation. A child may be-
come generally inattentive to acoustic cues as he attempts repeatedly to
cope with unwanted sounds; that is, the longer he must endure noise,
the more likely he is to ignore all sounds, whether relevant or not. A
probable consequence of this process is failure to learn to discriminate
speech relevant cues at a time which may be optimal (if not critical} for
such learning. Deficits in auditory discrimination reflect this learning
problem and they should become increasingly evident with longer periods
of noise exposure. This is, of course, precisely what was found in the
study reported in this paper.

The association between noise level and reading deficits is indirect,
however. We assumed from the outset that auditory discrimination is an
important component of reading. This assumption was predicated on the
notion that ahility to distinguish speech sounds is fundamental in learn-
ing to associate these sounds with their corresponding written signs. We
further assumed that the relationship between auditory discrimination
and reading would occur in children, iirespective of length of residence
in a noisy environment. Auditory discrimination ability, by contrast, was
expected to covary with duration of noise exposure. Such an association
was in fact obtained. We then predicted that noise-related diserimina-
tory impairments would be related to deficits in reading. This expecta-
tion was at least partly confirmed by partial-correlation and regression
analyses carried out within the primary sample. It appears that reading
ability is dependent upon auditory discrimination and whatever impact
noise level has on this ability is mediated through impairment of auditory
discrimination.

We did not expect the magnitude of the reading-discrimination rela-
tionship to be affected by duration of noise exposure. Yet, we found that
the relationship was marginally significant in the secondary sample. It
must be remembered, however, that this sample consisted of only 20
cases, and the magnitudes of the correlations were not at all small (r’s >
30). Moreover, other analyses were conducted in which there was a
systematic variation of the length-of-residence criterion. These results



420 COHEN, GLASS, AND SINGER

revealed significant correlations between reading scores and auditory
discrimination even for samples which included subjects living in the
Bridge Apartments for only 2 yr (r's = .46). On balance, we conclude
that auditory discrimination is reliably associated with reading, irrespec-
tive of duration of noise exposure.

There are undoubtedly a number of alternative explanations that could
account for the significant results of this study. One of these alternatives
is particularly interesting and warrants further comment. It can be
argued that impaired auditory discrimination is a consequence of physio-
logical damage produced by high noisc levels and/or carbon monoxide
poisoning. The first part of this explanation is easily dismissed, for it will
be recalled, subjects with hearing loss were deliberately excluded from
the sample.

The second part—monoxide poisoning—can also be discounted. In the
summer of 1967, the National Center for Air Pollution of the US Public
Health Service conducted a carbon monoxide survey at the Bridge Apart-
ments at the request of then Senator Robert F. Kennedy. Carbon mon-
oxide levels measured inside a third floor apartment averaged 14 parts
per million, which was seven times greater than the outside atmosphere
for the same hours at New York City’s 121st Street air sampling Jabora-
tory. However, samples of air collected inside the apartments at floors
30, 24, 19, 12, B, and 3 revealed that carbon monoxide levels at all floors
were essentially the same—about 13-15 parts per million. Such data are
not consistent with a physiological damage interpretation of the relation-
ship between floor level and auditory discrimination. Indeed, the study
found a slight tendency for carbon monoxide levels to increase with
height above Interstate 95.

To sum up, we have shown that living in a noisy, in contrast to less
noisy, environment is related to auditory-discrimination deficits in chil-
dren. We have also found evidence for a relationship between such def-
icits and impaired reading skills. Prolonged noise exposure in a real-life
setting is thus associated with aftereffects in much the same manner as
brief noise exposures in the laboratory lead to task degradations. Chil-
dren in our sample may learn to filter out noise and adapt to an aversive
environment but a toll is exacted in the process. Deficits in both
auditory and verbal skills constitute this behavioral toll. We cannot, of
course, determine the extent to which the intermittent and uncontrollable
quality of the traffic noise contributed to adverse aftereffects. Previous
laboratory studies have documented the impact of such cognitive vari-
ables (Glass & Singer, 1972a}, but in this research only the intensity of
noise was systematically varied. Future replications will examine cogni-
tive factors, as well as physical parameters of the noise source.
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The principal significance of this research can be summarized as fol-
lows. It demonstrates that despite seeming adaptation, perhaps even be-
cause of it, prolonged exposure to high-intensity traffic noise is related
to deleterious aftereffects. This result supplements the findings of earlier
community surveys (McKennell & Hunt, 1966) which report traffic as
the major source of noise annoyance. But, most important of all, the re-
search documents the existence of noise aftereffects in a nonlaboratory
setting. Taken together with the findings of laboratory research (Welch
& Welch, 1970; Broadbent, 1971; Glass & Singer, 1972), a case is grad-
ually emerging for the stressful impact of noise on behavior.
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