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Abstract—>Before the opening of the new Munich International Air-
port and the termination of the old alrport, children near both sites
were recritited inte alrergfl-nolse growps {aircrgft nolse ot presens or
pending) and control groups with no atrergft noise {clasely matched
Jor sociseconomic saiush A totad of 326 children (mean age = 104
yoars) ok part in three data-collection waves, one before and o af
ter the switch-over of the airports. After the swirch, long-term memory
and reading were mpaired in the nofse group ar the rew airpart. and
irmproved in the formerly roise-exposed group at the old afrport. Shore-
term emtary alro improved in the bnver group after e old airpor
wars cloged. Af fhe new airport, speech perceplion way impalred i the
newly roise-cxposed group. Medimtions) analyses suggest that poorer
reading was net mediated by speech perception, and thar impaired re-
cirl! was in part mediated by reading.

A consequence of modem means of tnnsportation is widespread
noise exposure. In Exrope, almost 25% of the populatlon is exposed to
equivalent noise bevels (L) of 65 dBA or more (Berglund & Lindwall,
1995 AL this level, annoyance is marked, sleep is disfurbed, and some
cognitive processes are impained (Cobien, Evans, Siwokols, & Krantz, 19856;
Evans & Lepore, 1993; Smith & Jones, 1992). Moiss exposure Is consls-
tently correlated with reading deficiis and may interfers with spesch
peroeption mad long-term memory in primary-school children (BEvans &
Lepore, 1993).

The simultancous opening and closing of the new and former M-
nich Alrport provided us with an unprecedented oppomumity 1o con-
dusct a prospective study of the effecs of aireraft nobse on children, This is
{he only prospective study of nonauditory effects of noise on children theaz
has been undertaben. Mopsover, cessation of notse at the old sirport pro-
vided & unityue opportunity 1o assess whether expected, noise-related im-
peimments are peversible. Sociodemographicaily matched control groups
expomed bo litile sircraft nolse were formed at both airports. By testing
the children in silesce and not in everpday-noise senings, we elimi-
nated confounds between chronic verses acule poise, Fanhermors, ex-
amination of the interpiay among aiention, memory, and reading over
tisme enabled us 10 test whether expected noise-related reading deficit
could be accounted for by shifts in underying cognitive processes.

Previous cross-ssctional rescarch (Cohen of al., 1985; Coben, Glass, &
Singer, 1973; Bvans & Maxvell, 1997} indicated that noise-relsted read-
ing deflcits might be mediated by a cognitive strategy whenein childen
becorns less attentive to suditory stimuli 05 & way W0 -cope with noise. It i
wichear whether such shifts in atentional strategies are general to noise
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or specific to speech. Labormory noise also impairs both long-term
memory (Hygae, 1997, Hygge, Boman, & Enmarker, in presa) and short-
term menwEy (Hamilion, Hockey, & Rejman, 1977; Hockey, 1979, Do
speech perception and mcmmory arc related 1o reading accpeisition (Crow-
der & Wagner, 1992 Mann & Brady, 1988).

In summary, we coliected prospective data o assess how childien’s
teading was affected by changes in ambient noiss levels cassed by mod-
ified airport operations. In addition, we twvestigated o cognitive pro-
ceiges, attention and memary, implicated in prior experimental work on
acule nodse exposune, md how they relats 1o speech perocption.

MEI'H'Df;

Design and Subjects

The two experimental groups comprised children who were {old
sirport) o would be (new airpont) exposad o aircraft poise. The two
comirol grouns were selocted froem anens that had little exposure 1o air-
craft nodse. The control groups wene matched with their respective ex-
perimental groaps on the basis of sociodemasraphic chersctezistics.
One wave of data collection started 6 months prior to the chanzeover
of airports, the second wive was | year [ster, and the third wave 2 vears
Later. A total of 326 chibdren participated: 43 in the obd-airpor, no-noiss
prougy, 65 in the old-ahport, noise groap; 107 ln the new-airport, no-
nowse group; and 111 in the new-abrport, soise group. Their soes rmged
froam 8 1o 12 (M = 104, 50 = 0.85). The children a the new airpon
were tested 3 to 5 months before the children a1 the old airpon, but
there was no difference in average year of birth. Criteria for t2king pan
in the study were & minimom of 2 years of residence and German fiu-
eney, whech ruled out confounds with ethnicity, Normal hearing, e as-
seased by andiometric screening, was also & criterion for participation.
The experimental and control groups a2 the two afponts did not differ
i age, pender. etheicity, number of family members, parental oocupa-
tion, or education, and sttrition did not differ among the four groups,
X3, N = 326) & L6, p = 10,

Procedure and Materialg

At each data-collection wave, the children were tested individusily
i silenee for 1.5 hr on 2 consecutive days in 4 epecially desigaed tem-
peraturz-controlled and sound-attenuated mobile labormtory that rav.
eled to their schools. The children worked individeally on an array of
differeat tasks, In this anticle, we present only the cognitive depeadent
mexaeres. (For dsta on physiclogical stress and memal health, see Buofl-
inpes, Hyage, Bvans, Mais, & von Mickenaen, 1999; Evans, Bullinger,
& Hygae, 1996; Bvans, Hygge, & Bullinger. 1995.)
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Reading

A stendordized German reading %est was cmploved (Blglmaler,
1965, The children read parngraphs and word lsts of increasing diffi-
culty. Some of the words in the lists were pseudowords, bt phonolog-
ieally spproperiate in German.

Memary

O the first day, the children read 2 text in intermiment broadband
mise at B0 dBA L, and the somber of lines read within the 12-min
time limit was noted. On the second day, the children were tested for
long-term memory (recall) in silence. We introduced noise exposurne
during encoding to make the ek more difficul. Childen's performance
om this sest is sensitive to scule noise exposure (Hypge, 1997). For the
short-term memory test, strings of consonants were presented one per
woond over hesdphonss. Rasdormly, the sequence was stopped, and the
children were asked w0 write down 8 many consonants as they coild
remember, in the correct position, starting at the end of the wquence,
Letters in the comect or adjicent positions wers scored &5 comrect, Acute
poise §s known (o imgair performases on this tsk (Hamilion et 2.,
1977}

Attention

Twror indeces of peneral attention wene used: visual search and reac-
thom time. The visual search task is sensitive to ventilation nojse (Hypee,
1991} and chronic stresa {Baum, Gaichel, & Schaeffer, 1983). For this
tasdk, the children were preseated with 12 complex figures and § sirphe
tarpet figures and asked to ldeatify which one of the tepet figures was
embedded ineach complex figure, In the resction time task, the childeen
responded o mndom ocowrrencss of red and green lights by pressing
1w different buttons. The children performed dils task first in a silent
S-min sestion and then in an equally long session with aircrafi noise of
85dBA L,

Speech perception

The speech perception measone was adapted from Hygge, Roanberg,
Larshy, and Arlinger (1992). The children heard & story against different
nise backgrounds (pirerafl noise, road noise, and broadband noise) end
wzed battons Tabelad “4+™ and “=" 1o adjust the sound level of the story
when it dropped randomly by 10 dBA. They wens instrucied to readjust
the volume to the point where they could understand what was said if
they concentrated, Nolse-exposed children appear o ignors or fune out
specch-relevant stimull (Coben et al., 1973, 1986; Evans & Maxwell,
1997) and =re expectod 1o requine better signal-to-soise ratios than chil-
dren whe hive ot been expased 10 nolse.

RESULTS

Moise Levels

Moise levels were messured with & Befiel & Kjzr (Copenhagen, Den-
ok} Coemrrunity noise-level analyzer for a 24-br period during data
collection o the mobile laboratory. The sxpected changes in nodse levels
were observed at both airpas (see Table 1),
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Table §. Noise levels {24k dBA L} before and gfter the
airport swilch

T Before swilch  Afier switch

Airport and group (Wave 1) {Wive 3)
14 sirpost—aircrafl noisc it o
Oid airport—ao sircraft noise 59 55
Mew airport—airenafl noise 53 62
New irport—no aireralt pofse 53 55

"This pumber is an averags from Waves 2 and 3 becaise there v only
oue ohesrvation in Wave 3, a2 8 swspect value of 49,

Reading

On the word-list past of the reading test, oaly difficul words
showed differences between the groops (see Fig. 1), The Adrport
Group » Wave interaction was significant, F(2, 252) = 5,10, p =
07, (Al F tests with repeated messures of wave were treated as mul-
tivariate analyses of variance, MANOVAS, rather then eajvariate anal-
yies of varianc:, ANOVAS, These MANOVAs yield higher p values,

Oid sirpart

Hew anport

O o siroran notse
B et nosa

1

B o oM o R owm B s omoow B

TRean #rrors
oA A W

W1 a2
Hew airpoct opaned !
]

Fig. 1. Meon pumber of ecrors on the difficult word 1ist 2= 8 fusction
of airport, nodse groap, and measurement wive. Ermor bars show stan-

dierd errors of the means,
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and thos are mon conservative, than the correspending nnivasiate ep-
silon-comected Greeahiowse-Geisser ANMOVAS) Separate ¢ tests {lwa-
failed throughoul, exeept as noted) showed 2 differcnce hetweoen proups
at the old sirport at Wave §, 59 = 168, p = 009, but not ai Waves 2
and ¥ (s < 1} At the new airport, there was 2 marginal difference be-
tween groups af Wave 3, /(154 = 1.80, p = 074, but not at Waves |
pnd 2 s < 1).

The results for the prose component of the reading fest were simi-
far to thise for the word-lisg test, bet not 48 marked. For the most dilfi-
cult paragraphs (Mumbers §-12), there was a weak Airport % Group
Wave imerction, F(2, 172) = 206, p = 118 (e Fig. 2). Separsts ¢
iests reveabod & difforence betweoen groups at the old aitport & Wave 1,
NEZ) = 279, p = 00T, but not &t Waves 2 and 3 f8 < I} At the new
airpont there were no significant effects.

Memary

O the Jonp-tenm recall sk (see Fig. 3), these was a dpnifican
Airport ¥ Geoup ¥ Wave interaction, F(2, 311} = 4.25, p = 015, Sep-
arate f lests showed a macginally dgnificant difference batwess groups
al the obd aimport st Wave 1, {104) = |88, p = 062, one-tailied, but not
o Waves 2 and 3 (5 < 1.28), At the new ainport, there was a difference
hetween proups al Wave 3, i208) = 2.72, p = 007, but not ot Waves |

] 01d sirpost

' !

54 D
5. =]
-21 ﬂ

1

¥

Uld
T, Mew airpart

Wik

Waw | Wim D
Hiw albport opened
Fig. . Mean number of ervors on the difficult paragraphs in the resd-

ingr test as 2 function of airport, rolss group, and messurement wave,
Terror bars stow standand ermors of Wie mehns.

1
]
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T Qld nirport

T

5 1 o mineat noise
5, L
g .
-

1)

1)

2

Fig. 3. Mean score on the long-term memory sk 25 a function of air-
porl, nobse growp, and measurement wave. Emor bars show standard
ervors of the means.

and 2 s << 1.12). For the number of lines completed, there wers no
noise effects.

Al the olif airpoet, the short-tem memory e showed a significant
Group * Wave intemction, F(2, 203 = 597, p = .004. The prorer
short-lerm memary porformence of the noise group recovered (o reach
the level of the control group's performance at Waves 2 and 3 (see Fig.
4). Separate 1 iests showed lendencies sowand more comedt responses
in the no-noke groap than in the olse group o Wave 1, 6104) = 1.70,
p = 092 the difference was in the opposite direction at Wave 2,
A1) = 163, p = 108, and there was no difference between groups
ot Wave 3. At the new airport, there were po differences between the
groups across the waves,

Attention

For the embedded-figums sk, there were po elisble mscractions
imalving chromc arcnall noise over time.

For the reaction Gme sk, o MANOVA of reaction time end emors
together yieldsd an Ajrport * Group X Wave ineracdon, F{4, 179) =
558, p = 004, Performing the msk in acute noise or no noise did not
qualify this Eeraction, 2nd there was no madn effect of acute noise, Fs
< 1. Only reaction time, not errars, contribated 1o (e interction. The
aiferali-noise group ol the old sirpon was skower than is control proup
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Fig. 4. Mean proportion of correct Bems on the short-tarm memory
task a5 a function of sErport, nodse group, and messurement wave, Er-
ror bars show standard errors of the means,

at Wave 2, fi61) = 2.29, p = (26, bt pot ot the other waves (5 <
134}, At the new airport, the elreralt-nodse groep was slower than the
na-aireraft-noise group at Wave 3, (121} = 209, p = 039,

Speech Perceplion

Because of apparatus failure and resulting low zs, data from Wave
2 on the speech perception task were discarded. As Figure 5 shows,
spench perception Jmproved from Wave | oo Wave 3 ar the old airport,
bt there was no differeatiol improvement between the groups, Al the
wiew abrport, the onset of aimrll nodss seemed o block improvement
in auditory discrimisstion from Wave | toWave 3, as evidenced by the
Giroup * Wave interaction, F(3, 150) = 7.63, p = 000

Medialion

To probe for mediation, we entered into path analyses (LISREL;
Tireskop & Stebom, 1996) the difference scores between performance
in the Jast and frss measurement waves for the perepraph reading task,
the difficull word list, the long-term memory task, the sumber of lines
completed, the shor-term memaory task, and the speoch perception sk,

The results of these path analyses were straiphtforward and showed
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Fig. 5. Mean dB ratio of spesch to noise on the speech perception
task as a fanction of airport, noise proup, and messoremant wave, Br-
ror bars show stimdand errors of the means.

vary good fit between dats from both alrports and one of the models
(see Fig. 6. Good fits were fedicated by both 3 high p valus {=.05) for
chi-square and a low value of the ot mean squaoe ervor of approxi-
mation (<.08; Mreshop & Strbom, 1996). In this model, the poase ef-
fect oa the reading tasks was not medizied by memory or speech
perception. For long-term memory, there was a partial mediation by
the word-list component of the reading task. For all the other tesied
variables in different combinations there were no indications of medi-
ating links. The valoe of & in this analysis was bow, mainly becanse of
participants wot finishing the dilficull reading paragraphs = Wave 1.
However, path analyses not inclading reading, and thas heving a higher

N, yielded path cosfficients betwesn the other variables that were of ap- |

proximately the same strength 85 shown in Figuoe 6.

DISCUSSION

These longinpdinal data complement nearly 20 cross-sectional stud-
e showing adverie impacts of airerafl nodse ob reading in cementary-
school childmen, Morsover, these effects ocour prospectively and may
be seversible. We have also demonstrated prospective impacts of clronic
noize on long-teem memnery. More wodk B needed o determine the sensé-
tivity of this offoc 10 the duration of exposure, as well as children's ape.
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¥(30, N=116) = 31.25, p = .40, RMSEA = .027.

Fig. 6. Model fit (chi-square and root mean sqoare ermor of approximation, RMSEA) and stan-
as difference scorcs between the last and find measurement waves for the difficult word list
{“Word list™). the paragraph reading lzsk (“Reading™), the long-term memory t2sk (“LTM Re-
call"), the number of lines completed (“Lines read™), the short-term memory task STM™), and
speech perception task (“Specch™). The paths from Word list w0 Reading (0.26) and LTM Re-
call (—0.12), with values in smaller print, were constrained to be equal st the two sirpons.

the

This is also the first study 10 show prospective impacts of chronic nokse
on & cogRitive process, bong-term memory. Weaker evidence sugpests
noise-induced defichencies in speech perception and short-term memory.

Reading and long-term memory effects replicased, disspocaring when
provides stong causal evidence: for the vulnerability of cendral langnuge
processing to noise cxposrre, and the reversible nature of the impact. Ad-
ditional seseanch & needed 10 see whether the adverse noise effiects on
reading and recafl continue over time, Note that st he new airport the neg-
stive effects were stronger at Wave 3 than af Wve 2, which sugpests a cu-
mulative noise effect.

The speech perception findings warmant fimther rescarch, Didferences
in speech perception did ol mediste noise effects on reading. The lack of
mediation is inconsisient with prior cross-sectional studics (Coben ot al.,
1973, 1986; Evans & Maxwell, 1997). The prescnt longitedinal data mise
doubes about the validity of inafention, or “uming oo™ a5 & explamnsony
mechanizm for the adverse impacts of noise on reading perfompne:,

VOL. 13, NO. 5, SEFTEMEER 2002

Fuorthermore, although children™s reading worsened with comula-
tive noise exposure 3t the now airport and recpvered following mobe
cessalion at the old airport, spesch perception deficits among noise-
cuposed children at the old airpon did not recover. This suggests that
spench perception did not mediate the noise effects on reading, 2 con-
clusbon that is also indicated by the structural equation results. An ex-
planation fior this patien of resalts may be the developmental timing
of the noise exposure. Perhaps noise exposure damages the develop-
ment of speach perception in diffenent ways daring the early and late
portions of the reading-acquisition period.

Fotere research needs 10 addoess the importance of both the devel-
opmental timing and the deration of noise exposere in determining
the effect of noise on reading and cognitive development. Eescarch
also needs o sample a wider range of noise levels in order 10 generate
% dose-responss function for reading, which would provide additional
basic evidence and betier inform public policy for noise protection of
childnén.
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