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. PREFACE 

This report• describes· the results of an attempt to predict 

psychological and behavioral consequences of highway expansion. The 
. .. . . . . . . 

~xtension of Route l8 hi New Brunswrck and Pisc~taway, New Jersey, had been. 

planned for 8 years; however, while clearly desirable ftom the pQint of 

view of improved traffic flow, the plan has recently attracted considerable 
. . ., 

controversy because of its ecological and social lmpl ications •. The 

extended port I on wou 1 d be 1 oca ted near Rutge.rs,. The State· Un ive rs i ty of 

~ew Jersey, and 'Rutgers students have been deeply lnvolved·tn movements to 
: . . . ' . 

stop the extension from be Ing bu i1 t. · The intensity of fee 1 ings may be 

Judged from the fact that ihe only maJor disruption of the r,t,cent inauguration 

of the new Pr:esident e>f,Rutgers, · in New Br_unswick, was caused by a group 

of. anti-Route 18 activists. 

In view of all of.these facts,_it would have seemed obvious that a 

study should be. made. 6f how the proposed construction might ciffect the people 

who would be located near it, both for emptrtc;c11 an.d for pc,litic reasons. 

~Hh regard to the first, it is importa11t to know .whether the new road 

w,ould be .1 ike)y ~o interf~re serit1usly with pec:,ple 1s norma.1 Jives and., if so, 
. . 

to atte~t ·t<> minimize this interference -~ e.g., by building a deck. over 

portions of tl:te highway. As· far as the second ts concerned, ,relevant da_ta 

might indlcate which bases, of fear or opposition. were groundless and which 

~ere realistic, besides indtcatJngs that the plans we~e not being .bul-ldozed 

through without regard to their human impact, · 

Nevertheless, no such '1study was projected until extremely late .in the 
,_I . . 

chronology of the extens Jon'. plan. In fact, arrangement for the work reported 

· here were not made until Aptll, 1972, when the E_nvironmental. Impact Study. 



-5-

• was less than two ll'lOnths from its deadline. Because of this belated start 

the data collected here suffer some gaps: only one problem connected with 

the highway _.,; increased noise level ·-- was studied; only students were used 

as subjects, although other groups would also be affected by the road; 

instruments had to be quickly chosen, prepared, and administered, so that 

schedules were sometimes violated and the data array was incomplete: a 

replication of the experimental portion of the study, which would have 

remedied some of its procedur,;11 faults, could not be made; and the 

duration of the simulated noise conditions was insufficfenL 

With these shortcomings, it should be emphasized that the conclusions 

which can be drawn from the study are tentative, and the data more in the 
l 

nature of pilot results than final answers. The findings, however, are 

relevant, interesting~ and useful, and justify the ihc1us1on of a fairly 
. . - . ' \ 

elaborate psychological component in the Environmental Impact Study. The 

Initiative of King and Gavarfs, Consulting Engineers, in arranging for such 

a component, should be noted appreciatively. We hope that this work may 

serve as a precedent for the incl us ion of social and behavioral science 

research as integral parts of future plans for mod if icatioris of the 

environment. 
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. 1.NTRODUCT ION 

Whl le it ts obvious that the Improvement or ex tens ton of h lghway 
. •. 

faciltties can results in a variety of desi.rable outcomes, .the negative 
: . . :. ' . . . . 

· aspe·cts of. such projects have only recently be.come foci of attention. 

This lag maybe due partly to the fact that the environmental Impact of 

greater traffic volume has indeed become more severe as the absolute 

levels of traffic and of population density rfse, and partly to the 

increased pub 1 i city and consequent awareness about the quaJ i ty of the 

environment. It is clear that suc.h economic and safety problems as· 

faster and heavier travel loads fand. such medical and ecological problems 

as air and thermal pollution, must be anticipa·ted ln any proposed road 

improvement project; howeve.r, relatively 1 ittle attention has.been paid 

· .. to·possible psychologieal·effects • 

. Since the evaluation of environmental fac.tors by the public Is greatly 

affecte:d by i111'1'iedic1te:. expedenges -~ I.e., by psyehologtcat effects 

this .neglect seems s.horts ighted. After at 1, when a human being responds to 

hi.s environment, the most sal lent pen::eptions are how it affects his 0"ln 

behavior, his emotions, ht.s work. capacity, .his sense of wet J..;betng·, ·hi·s 

· relations with others. l.f t:hese factors are adversely affected, even 

su·rroundlr19s which to ao 9u_tslde observer appear favorable are rejected 

by those most close.lyaffected. A gr~at deal .of evidencehc1s shown, for 

e~ample,. that urban renewa 1 projects, wh lch are supposed to improve the 

1 iving environment (arid certainly do improve its physical qual itfes) ar~ .· 

disliked by resid~nts whose accustomed psychological-behavioral patterns 

are disturbed (see, e.g.,· Fr.ied S. .Gleicher, 1961; Lewis, 1965;, Schorr, 1966). 
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What aspect of a highway has the greatest psychological impact? 

The answer to this question obviously depends on the answer to another 

question: impact on whom? Obviously, different answers will be given 

by drivers, by civic officials, by ecologists, and so on. It does seem, 

however, that to the people most continuously affected those who 

1 ive near the road -- the most striking characteristic is that of sound. 

Vis1;1al st_imul i are perceived only when orie is looking in their direction, 

and can be easily screened off; highway odors and vibration are also rel-

atively restr.icted, and are limited ln_ intensity and temporal duration; 

but sound travels, intrudes, and pervades the mi_lieu. Sound is aho of 

great subjective importance in that high sound levels seem salient and 

stressful, interfere with communication,_ and can arouse strong feelings of 

unpleasantness. Last, sound impinges on-a great variety ~f behaviors, 

including work,-social __ interaction, and steep, and may also have 

deleterious phys iologi ca J effects. For these reasons, when it became clear 

that our work would have to focus on only one of the environmental changes 

stemming from the extens_ion of the highway, sound level was the variable 

which we chose to investigate. 

Noise and human behavior. 

· The auditory sensory and perceptual systems represent ·an important 

source of information input from the environment to man. The information is 

usually important to survival or efficiency, and often has affective value 

either in itsf!lf or in terms of its me_aning. In addition, sound a)so has 
. . . 

both temporary and permanent effects on-_ the phys i ca 1 audltory system. 
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Obviously. the informatlonal, affective, and physical consequences of 

auditory stimulation cc'ln be of either positive or negative value to the 

organism receivtng the stimulation. For the present paper, sound 
' stimulation which reslJlts in negative consequences for the organism stim-

. ulated wil 1 be termed "noise." These effects are presumed to be "unwanted" 

in that they imply lowered efficiency, comfort, or potential for survival 

of the organism.· Presu~bly, the sound which produces these effects is 

also unwanted. Thus, noise is unwanted sound. Obviously, there is no way 

to specify a sotJnd as no:ise in the absence of a human or other living 

frame of reference, since there must be some organism doing the wanti,ng. 

This obviously includes the effects of sound on non-living objects as well, 

since those objects cannot be presumed to "carell what effects the sound 

has on them. In addition, this definition subsumes various technical 

def.initions of noise in fields such as communication, electronics, etc. 

since sound which does not carry information in those fie.lds Is "unwanted." 

Thus, in the above definition, sound is specified as noise only when 

it produces unwanted effects. The search for and the detailed investigation 

of unwanted effects has produced a voluminous 1 iterature on. the effects 

of noise on man {over 4,000 reports surveyed by Kryter, 1970). Several 

classes of unwanted effects have become apparent, the most convenient 

classification being that by Kryter (1970) into effects of sound on the 

auditory system itself, an.d its effects on nonauditory systems. This 

general scheme w,ill be followed in the present brief review. 

It should be mentioned that very little of the data available on the 



• unwanted effects of sound on man and other animals has to do specifically with 

highway generated sound:. Most of these data were collected in the interests 

of providing informatibh on the effects of wartime, industrial, and aircraft 

noise onhearing,.emotions, and performance. In addition, quite a bit of 

laboratory research has been done on various effects using broadband sound 

of various loudnesses and durations depending on· the nature of the 

investigation. Most of these data are at least potentially general izab·Je 

to the effects of highway noise, at least to the extent that the physical 

parameters of tlie sound being generalized to are similar to those for which 

the data were originally collected. Generalizabllity is easiest with 

respect to the physiological effects of sound. Difficulties arise when 

psychological effects are generalized too freely, since the information· 

contained in the sound, elther directly or lmpl icitly, is very important 

· to the kinds of effects i.t wi1l produce (Kryter, 1970; Poulton, 1970). 

Auditory system effects. The ear responds to several characteristics 

of sound waves, which are: vibrations of the molecules of the conducting 

substance. The most important characteristics are frequency and amplitude 

of pure souhds, and spect~al composition {which is a specification of 
. . . 

amplitude at various freqyencies) of complex sounds. The total spectrum 

of sound energy is generally divided into three parts, the infrasonic 

Ll:>e 1 ow the lower frequency. threshold of human hearing - about 16-20 Hz. 

(cycles/sec.) in young adults] , ultrasonic (above the upper frequency 

threshold .. about 16-20 kHz. ln young adults), and son f c {between the 

thresholds -most young adults can hear these sounds if the amplitude is 

adequate). · This divisJon i~ based on statistical analyses of group data. The· 
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ear is markedly nonl !near. in response to sonic-range sounds of sufficient 

amplitude to be detected; ft is most sensitive in the region of 1500 Hz.~ 

one octave. The ear responds efficiently to sounds over a wide range .of 

amplitudes, from an average threshold of about .0002 dynes/cm2 to a level 

at least 100 dB. £sound level in dB. = 20 10910 (S2/S1),where S1 is the 

reference level and S2 the sound being compared with it ___ ? . Sound more 

intense than 120 d8 above the standard reference level of .0002 dyne/cm2 

becomes appreciably distorted by the ear, and sound around 140 dB and above 

becomes intolerably painful. 

The various physical characteristics of the sound wave have 

psychological correlates which can be fairly precisely related to the physical 

measurement of the wave. For example, the best correlate of amplitude is 

loudness. that of frequenqy Is pitch. Loudness grows as a power function of 

amplitude (Stevens, 1956}, with an exponent of about .6 for amplitude 

measured· in pressure units.. The relation of pitch to frequency is not so 

simple, but in general it fs a monotonic function of its physical correlate 
' 

(Stevens and Galanter, 1957). Pitch and loudness are not independent; 

changes in amplitude of sound do have some effect oli Judged pitch, and 

changes infrequency also have effects on judged loudness. Other 

psychological characteristJcs of sound stfmul t have been investigated, 

such as timbre, density, volu~, etc., but in general these are less 

important and less wel 1 understood. 

In the effort to relat~ the effects of sound on the auditory system 
: 

to physical specifications of the sound involved, a number of measurement 

- schemes for complex sound h~ve been developed~ These are important here, 

for highway generated sound is complex sound. · In general, there are 



• several competing schell)es for each of the effects investigated. Almost· 

. all of the metho9s involve :measuring the amplit~de of the sound at various 
. . ·: . 

frequencies and thenc°"'bining these measurements according to a specific 

weighti~g scheme for the amplitude at each frequency •. When duration is 
., .. 

important, lt too is a parameter to be included ·.·in the weighting scheme.· 

For the most part it is difficult to decide which of the various measures 
. . 

relevant to a particu_lar .. effect correlates best with (i ~e. predicts to) the 

measure of the effect. Because of this, and because the sound levels of 

ttie experimental part of the present study were measured. in this way, one 

standard measure for average sound level. or amplitude wi,11 be used 

throughout the pa.per.• .Th'is. is dB(A) of sound pressure, relative to· 
. . . . 2 . . 

.0002 dynes/cm ··~··. This .f5 a measure which weights the lower frequencies more 

··hea~ily, gradually dec:rf!asing the weighting)n an expontial curve up to 

abou•t. 1000 Hz. where the weightings are fairly equal until aboll:t 6000 Hz~ 

at whi.ch point· they become greater with frequency up to the 1 imit of t.he 
. . .. ·. . 

insttu,n.ent. Th~ ~eighting is accomplished electronically in the sound .-. -·, ·- . . ., 

pressure meter, and an average sound Jevel over a1,J frequencies is produced •. 

This measure is convenient to use and correlates wellwith all effects.of 

sound amplitude· that have so far been investigated. It ls the measure most 

corrmonly in ase:, although others have recently.been suggested which may 

ultimately replace it (Kryter, 1970). Kryter (1970) gives ro1,.1gh equivalents 

.in.dB(A) to other measu~ements for all of the scales in use today, including. 

his own PNdB measure of per'.ceived noisiness;, thu's general hat ion. from one 

measurement to another is rela{ively straightforward. 
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One of the most obvious characteristics of sound is that sounds from 

several different sources wil 1 mix. This means that sound such as speech, 

which carries information can be masked by other extraneous sounds, These 

extraneous sounds may themselves carry information, but the term "speech 

maskingllused in these situations implies that the focus is on particular 

speech sounds as the wanted sounds; the extraneous or masking sounds are 

unwanted. some. simple examples of this effect include trying to converse at 

a loud party, or attempting to hear the loudspeaker announce .a departing 

flight while standing near a taxiing aircraft. A 9reat deal of research 

·has been done on.these unwanted masking effects, and it has been summarized 

in several places (e.g. Kryter, 1970; Poulton, 1970; Tolhurst, 1971). 

Figure 1 shows one aspect 'of these da~a, as presented by Poul ton (1970). 
. . . . 

It is apparent from the figure that as the amplitude of the interfering sound 

grows, masking grows quite dramatically, necessitating an increase in the 

level of the speech or a decrease in the distance between the speakers in 

order to maintain communication. Both of these adjustments to speech 

masking by communicatol"smay in fact be a source of stress. Brewer and 

Briess (1960} state that p~ople working in high sound levels often develop 

hoarseness, coughs,.lesions, and pains in their throats from the strain of 

talking over. the masking sound. It has also been noticed that workers in 

high nolse environments simply do less talking than those working in 

environments with lower sound levels (Kryter, 1970). Also, several studies 

have been done concerning peoples I responses to invasions of their "persona 1 

spaces, 11 invasions Which are· 11kely to occur regularly in a high sound level 
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environment where. it is necessary to communicate by speech (Sommer, 1959; 

Horowitz, Duff, &Stratton,·1964; Little, 1965; Rawls et al, 1972). 

Presumably these invasions of personal space could become a source of 
' stress, especially if oq::urring between strangers or people who dislike 

each other, and in cultures which emphasize large and inviolable personal 

spaces. This topic will be taken up again in the context of the present 

study in the Discussion • 
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• FIGURE 1.·. 
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An interesting and potentially Important effect of high level 

sound on the auditory system is the aural reflex. When the ear is exposed 

to sound about 80 dB above threshold level, two little muscles in the 

middle ear, the stapedius and the tympani, contract. This contraction has 

the effect of stiffening, the eardrum and the bones of the middle ear so that 

they transmit sounds less effectively than normal, especially in the 

frequency regions below 2000 Hz. Since the ear is most sensitive to sound 

in these regions, and since high level sounds are usually •i1mpulsive (large 

change In sound level in a relatively short time), with most of the 

energy below 2000 Hz. , this has the effect of protecting the ear against 

overstimulation to some degree. This protection is of relatively brief 

duration, however, since t.he reflex adapts rather quickly. Thus, it affords 

little protection for the ear in situations of steady, high level sound 

stimulation. For more information on this effect, see Gulik (1971) for 

the physiology and theory of the reflex, and Kryter 0970) for an extended 

discussion of the interaction of the reflex with masking, loudness, and 

auditory fatigue. 

Perhaps the most dramatic and important effect of high sound levels 

on the auditory system is the induction of changes in hearing efficiency 

from optimum levels. It would appear that simply usi~g the system in the 
I 

sound environment in which it developed causes loss of efficiency since 

there are quite large hearing losses with aging (presbycusis). Peak 

hearing ability occurs in .young adults and gradually declines after the 

age of 25 or so, with most losses being in the upper frequencies. It is 

- not uncommon for an adult of 50 years of age to be unable to hear any sounds, 
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of whatever intensity, above 10 kHz. This natural decline in the 

efficiency and range of the auditory system can be greatly (and unwantedly) 

augmented, however, by prolonged exposure of the physical apparatus of 

the system to high sound levels. 

The predominant way of expressing losses Iii hearing due to either 

aging or prolonged exposure to high level sound are the Temporary Threshold 

Shift (TTS) from pre-exposure threshold for pure tones measured two 

minutes after the sound is terminated, and the Permanent Threshold Shift (PTS), 

measured usually one month or so after termination of the sound. PTSs are 

usua11y found only after n~ar-daity exposure to high level sound for a period 

of several years. Most exposures to high level sound result .in only TTSs 

and 'the threshold returr,s to normal after a period of 16 hours or so (Kryter, 

.1970). Since it is very difficult to measure PTSs due to the long periods 

of time involved and humane considerations, Kryter (1970) suggests that 

TTSs should be used to form• damage risk criteria for exposure to high level 

·· sound. Others disagree with this use of TTSs to estima~e PTSs, (Ward, 1971), 

but it seems to be the best idea available.· A rough rule of thumb, (based 

on nu.m erous studles) given by Kryter to evaluate PTS from TTS is that the 

tempora, y hearing loss caused by a given sound 7Qn a single day is equal to 

the permanent hearing loss that will follow 20 years of near-daily exposure 
I 

to that same sound. Again, this is somewhat controversial,. (Ward, 1971) but 

it seems to be the best. criterion availabl.e. · 

In general, hearing losses in frequencies above 2000 Hz. are not 

considered important, s Ince, they do not interfere appreciable w.ith speech 



. .' \ . . ·: . 

· communication. Th.is is reflected in federal standards which all~ 

exposure to levels of so'-'nd fn industry and aircraft, etc. that :could cause 
' ' 

.. : 

appreciable Joss above 2000 Hz.. if prolonged over a period of years. This 

seems unreasonable, since the frequencies over 2000 Hz. are quite important 
. ·. . . . 1· 

for other activities such as listening to music, and may have greater 

importance than was thought for the performance. of many industrial tasl<s 

L see discussion of the expedment by Broadbent and Little (1960) later 

ih this paper]. It is thus suggested that any hearing loss Whatsoever 

should be corisider:ed in the tradeoff of positive and negative effe~ts of 

building highways and ,Other noise· producing .ln~tallations. 

Effects on· cithe r sys.terns. -- The re a re ma".ly .systems of the human 

body bes ides. the aud itoryi syitem that pot~nt ia 11 y could. be .affected by 
•. . { .. 

sound. Of course, it is a characteristic of 1 iving organisms that specialized 
·:,.- . . . . ,. :, _.• 

sensory systems are th~ most responsive of any pa~t of the body to the par-

ticula~ type of energyto which they have developed $ensiti.yity, and tl:,e 

remainder of the body Js much less sensftive to that particular. form of 
,. . . ' ,·. . . . . ' ,, .• •' 

energy. Thus with sound, :the auditory. system is most sensi(ive.~ .and 
. . . . . . . .:· . ' . . . . ·: ... · .. " " .. ,'.• .. : . 

considerably larger amounts of sound energy must be present in, the 
·· .. ,_ . .. 

environment for other systems of the body, su~t:i as other sensory systems, 

· the autonomf-c nervous system, the reticular nervous system, the brain· 

centers concern~d with cognition and thinking, and their associated 

subsystems, to: give a~y measurab 1 responses. HQWever, the~e and.· other . '- . . 

systems do routinelf respond to the presence and type of ~ound energy in 

the environment, and it is :the purpose of this section to: sumnarize 
-· .. ·- ' ... .. . 

these responses. Again~ some' of the ·responses are positive and some 
. . 

are negative with res~ect to hedonic and survival v1·lue for the organism. 
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It must also be kept in mind that-these values of the effects for the 

organism may change rad _i ca l1 y from situation to situation • 

. On~ very compreheris ive study of the effect~ of sound stimol i on a 

variety of p~ysio1ogica1 :systems was by Davis, Buchwald, and Frankman (1955). 
. .. . . ·. .. 

They ldent if ied a complex -of responses to sound which they termed the 

N~response. In the N-resporise, there is peripheral vasoeonstdction 
. . . : . 

everywhere except tn brain blood vessels~ very minor ~hanges in heart rate, 

slow, deep breathingf" a measurable galvanic skin response, and a brief 

change in skeletal muscle tension. Others have found changes in gastric 
. ' . . 

motility, and ch~mical _changes in the bloc,d and urine from glandular 
• . ·• .. , . . 1: :· 

secreti_ons (kryter,. 1970):~ ·,-hese .responses generally adapt fairly rapidly 
·. . . . . . . ·. . 

to the sound afte~ onset,; although intermittent bursts of sound at 

ur;predictable intervals are fairly successful in repeatedly reevok_ing the 

response. Th~s complex ofresponses has some, If nc,t ap, ofthe com-

ponents associated_wlth c)rousat and/or stress~ Since arousal_ and stress are 

two effects which could potentially be negative In value, e,5,pecially over. 
' : . . . ·; . ·.·· . 

." I ••• 

long periods of time, ~he -question of adaptation to t~ese effects of noise 

is an. importaryt one. According to Kryter (1970), 't"here are no 1 aboratory . . . .·. . ..... _ - ' '.' .· 

tests that def injtively show. that complete phys i~logical adaptation to 

steady or predictable· intermittent unwanted sound does not occur. As· 
. . . 

stated above, adaptation can be prevented to some extent by varying the 
."'· ··:·- . . ·.. .' . ,. .· ; . 

amplitude, time of onset, ~tc. of the _s<>und in an unpredictable way. 

Sound of high amplitude and sudden onset, when unexpected and/or 

frightening , can :also produ:e a startle response. Physiolc>gically, this 

ts similar to the -N-respon$e, except that usually changes in heart beat and 



blood. pressure oCcur 'that are· not associated with the arousal produced by 
, . ' 

more normal or expected sounds.· (Kryter, 197Q). Even'.startle may 

eventually adapt :out~ but it is obvious ·that a very frequent startle response• 

cot1ld be very "L1nwanted11 • 

. . . . 
There is some eyidence from studies in industry that prolonged 

exposure to very high sound levels can le•d to sJgnificant impairment of 
. . . 

normal function of the cardio-vascular,. digestive, metabo_lic, etc. systems 

(e.g. Jansen, l961). However, .most writers are of the opinion that these 

studies have not been carefully enough controlled to be definitive (Kryter, 
. ' 

1~70; Poulton, 1970). If the sound is indeed responsiblE!. forthe adverse 

l)hys fological .. eff~cts reported .in these studies, then ,thh is p~es.umably 

another .. unwante.d eff~ct of sound. In acfdit)on, even short-te..-111dlsruptions 

of function may be important, fn a positive or negatfve way, for the 

perforrnc.ince of mental e>r motor tasks. Thts will pe discussed more 

extensively 1.ater in. the paper. 
. . . . . . . . . . . . . ' 

Sound also has effects. on sleep. Much remains to. be·learned about. 

sleep in man, but it has been established that there is a .minimum amount of 

s Jeep necessary fc;,r, opt imutn performance and flhapp Jness" or we 11 "."being, · both 
. . 

physical and psychological. High levels e>f ~ound in general interfere with 

g<>ing to sleep and maintai~ing sleep [Kryte~, (1970) revJews the datc!7., 

Sleepers are most vulnerable to d i,sturbance by.Sound iri the tightest phases 

of s Jeep and Just before entering sleep •. The effects o.f sound on sleep can 

be traced in a quite dramatic way by the changes in ~EG waveforms as a 

result. of application of sound st.imuli as well as by t>ther behavioral 

responses such as awakeni~g :nd pushing a bu.tton (see William~, Hammack, . 

. Daly, De~~ht', and Lubin 196,4) • Because the sleep~r'is in a mor~ ~r les~ 
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••unconscious" state, and because learning and most other adaptation 

requires some kind of conscious activity; adaptation to sound effects on 

sleep has not been found ~o be very dramatic (Kryter_t 1970). ·This is sho\,,n 

in a practical manner by the fact that one of the most con111c.m complaints 

from people continuously exposed to airport or industrial sounds is that the 

high sound levels interfere with sleep. This i~ especially true if the 

sound is iritermittent and'unpredictable as it is with airport sounds of 

aircraft taking off and landing. Interestingly, in the case of highway-

generated sound, although the lowest average levels of sound occur at 

night, it is at this time that they are the most intermtttent and 

unpredictable. Thus the occasional roaring truck on the highway at night 

may be expected to have a more disturbing effect on the sleep of those who 

1 ive nearby than would the. higher level but more steady sound of rush hour. 

There are numerous other effects of sound on physiological systems 

other than the ~uditory, of both positive (audlb analgesia) and negative 

(nausea in response to loud subsonics) value. Kryter (1970) gives an 
. . . 

exce 1J ent survey of these effects, and they wi 11 not be pursued here 

~irice they are.of somewhat 1esser·i!J1portance for the present study. In 

general It can be said that the effects of sound on various physiological 

systems are quite dramatic and important. The adaptation tha.t has been 

found to occur in most systems to steady sound tends to reduce the importance 

of these effects for long-term consideration. However, there is some evidence 

that some long-term effects do occur in spite of adaptation, and that there 

are some important systems and activities in which adaptation does not 
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occur as readily as most (e.g. sleep). In addition, even short-term 

reactions, especially if ,caused by repeated unpredictable sounds of 

large amplitude so that adaptation is less likely to occur, can be of 

considerable importance for survival and efficiency of performance of motor 

or mental· tasks. 

There have been a number of studies of the effects of high level 

sound on mental or motor performance other than degradation of speech. Untfl 

1950 (Kryter, 1950), it was thought that these studies were too poorly 

cont~olled to provide definitive evidence of any effects, either positive 

or negative. However, since 1950, the studies have become methodologically 

more s6phisticated, and several kinds of effects have been found to be 

reliable. Again the effects of intermittent, unpredictable high level 

sound and those of continuous high level sound are somewhat different, 

especially in the 1 ight of, two different possible general effects, 

distraction and arousal. ihat noise can be distracting, to the detriment of 

efficiency, has been shown by several investigators. In one study 

(Woodhead, 1959), subjects ,were performing an air traffic control task 

which involved looking at a number of sources of information in turn and 

remembering what they had Just looked at and where to look next. A 1-sec • 

.bu,rst of high level sound upset performance significantly for the next 

15-30 sec. This effect can be produced again and again by intermittent 

noise, since adaptation tends not to occur; the attention-getting 

\ effect of the extraneous sound is quite distracting. Even this kind of 

finding is not al 1 negatfve, however, since Kryter (1970) reviews several 
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studies which tend to show that, after the momentary degradation of 

performance produced by the onset of the hfgh level sound, there is a. 

period of 30 or more sec. during which performance is Improved, perhaps 

by the arousal which accompanies the distracting sound. Thus, if the 

distraction can be made. up for by the period of increased efficiency, the 

two effects would terid to cancel out. 

There is some disagreement about the effects of steady high level 

sound on performance of ~ntal or motor tasks. Poulton (1970) argues from 

a number of studies that continuous sound of 100 dB or higher has degrading 

effects on tasks that require continuous performance or vigilance. An 

example of this kind of task would be monitoring a radar screen for 

targets, or keeping a lookout for brief signals which are difficult to 

discriminate (as in a machine-paced Inspection task). These tasks typically 

must be performed for at l!east 1/2 - 1 hour for these deleterious effects 

to appear. One of the most well-known studies in this area is that of 

Broadbent and Little (1960), who examined the effect of decreasing background 
' 

factory noise from aboµt 100 dB to 90 dB on the performance of operators 

who threaded movie film on,to rolls after it had been perforated. The 

operation was performed in dim light, and there were frequent accidents 

such as rolls being broken or machines jammed, with maintenance having to 

be called for. The study appeared to be carefully controlled, since 

the investigators used a period before the noise reduction as a base I ine, 

and had a control group for; which the noise level in the threading bays 

was not reduced. · They found significant pre-to post-experimental decreases 

in broken rolls and cal Is for maintenance in both the control and the 



• experimental groups, but the decrease was larger in the bays. that had 

been treated so as to reduce the noise level to 90 dB. Broadbent and 

Little (1960} interpreted this in the.light of Broadbent 1s (1954) theory 

of .attentional "bl inks", or momentary swings of attention to the background 

sound. Presumably there were fewer bl Inks in the reduced sound condition, 

and since these bl inks would be detrlmenti:11 to the performance of a 

delicate task, there were fewer accidents. 

Kryter (1970) does not accept this interpretation, although he does 

agree that the results are reliable. Ff,rst of all, there was no 

differential increase in output between the treated and untreated bays, 

even though the untreated:; bays had a higher incidence of broken rolls and 

other shutdowns. Thus, there was some compensation for the increased 
I 

accident level, perhaps due to a higher level of arousal in the untreated 

bays. In addition, Kryter suggests that at least part of t.he decreased 

number of accidents in the treated bays could have been due to the 

· increased ability of the Operators to use information-carrying sound made 

by the machines in their work more than they could when the noise level was 

higher and these sounds we re masked more effective 1 y. The remainder of the 

decrease could have been due to the same unknown cause as the decrease found 

in the control bays where the sound level was not changed. Thus, there is 

no reason to assume that these results demonstrate anything other than the 

masking effects of high level sound, .which are wel 1 known and do not have 

the same negative implications for human performance as does Broadbent's 

bl ink theory •. In general, Kryter (1970) concludes that there are probably 

- no ~ffects of co.ntinuous high level sound ontask performance except where 
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the noise is either resp.onse contingent (i.e. sound functions as a reward 

or punishment) or stimulus contingent (contains information relevant to 

the task). In reference to response contingent noise, there is some 

evidence that intermittent and unpredictable changes in noise levels 

affect rate of learning of irrelevant things, presumably because it is 

di ff i cu 1t to 1 earn that the sound is !J.21 response cont i ngen t. 

As is mentioned above, arousal induced by sound can have several 

kinds of effects, depending on the situation. One example of these effects 

and their ambivalence with respect to hedonic or survival value is a study 

by 0 1Ma11ey and Poplawsky {1971) of the effects of noise-induced arousal 

on the breadth of attention. They showed that such arousal led to a 

general narrowing of attention to the task at hand. This was detrimental 

to performance of one kind of task, in which subjects were told to try to 

learn words placed in the'center of cards and then were tested for memory 

of words p 1 a.ced per i phe ra 11 y on the same cards. On the. other hand, 

. performance on the. Stroop Color Word test was enh.anced by the presence of 

sound at levels of 85 and 100 dB. Sound at 75 dB led to no differences 

from control subjects on this task, which involves the names of colors 

printed in other colors (e.g., the word "RED" printed in blue) with the 

subject having to remember the color of the print. Thus it requires the 

subject to ignore the irrelevant information (the color word). Thi.s study 

demonstrates how the narrowing of attention caused by sound-induced arousal 

could ha 1 e either beneficial or negative effects on human performance, 
. ' 

depending on the task to be done. There is some evidence that whether a 

- given sound is relevant or lrre1evant to the activities of the task performer 
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can affect the vaule of the effects of the sound on performance. Harcum 

and Monti (1971) found that an irrelevant high level sound led to 

disturbance and annoyance in an experimental group; but that wher, a different 

experimenta 1 group was exposed to the same sound but thought i't was re 1 evant 

(bl.it not contingent) to the task they were performing it distur.bed them no 

more than the controls exposed to a much lower sound level. In addition, 

other workers in the same building to whom the noise was presumably 

irrelevant complained that the noise used in the experiment distracted them 

and made it harder for them to work. However, consistent with the 

summary of Kryter (1970), ne·ither relevant nor irrelevant sound had any 

effect on actual task performance. 

Sensory deprivation and sensory overload.-- In the previous pages 

we have been discussing the effects of what may be called sensory overload 

on a variety of human beh~vfors. In addition to these effects, there are 

some more mystedous effects of sensory overload on human perception and 

behavior. Haer (1971) has reported evidence that sensory overload can 

lead to what have ben called "altered states of consciousness," characterized 

by hallucinations, illusions, and a loss of touch with reality. Any such 

effects would certainly be detrimental to performance of industrial and 

other kinds of work, although they may be sought after by some people. 

These presumably are the effects of arousal that does not adapt to the 

overload of the sensory channels. In the particular experiment mentioned, 

higfl level sound was one of the two overloading stimuli, the other being 

patterned light. Thus it is possible that prolonged sound-produced arousal 

- could lead to effect!; such as these. 
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The above effects are very similar to those experienced by people who 

undergo relatively long periods of sensory deprivation. ihis is a 

situation where sensory and perceptual input is reduced to the minimum 

possible. In cases where it is impossible to eliminate information-

carrying stimuli, they are masked. After relatively long periods (several 

hours) of this deprivation, subjects report hallucinations, illusions, etc:. 

and also show changes (some positive, some negative) in performance on 

mental and motor tasks (Zubek, 1969). In addition, people seem to be more 

subject to suggestion and persuasion while experiencing sensory 

deprivation (Suedfeld, 1972). 

It seems that both sensory overload and sensory deprivation can 

produce states of arousal that can be detrimental. to certain kinds of 

performance. The organism works best (and complains least) when at an 

optimum level of arousal; the effects of arousal on performance, etc., can 

be displayed in the form of a family of inverted U-shaped curves, with 

peak performance at moderate levels of arousal. This suggests that there is 

an optimal sensory environment which has some, but not too much,stimulation 

present for the various sensory systems. It is difficult to specify what 

this optimum level is; we can assume, however, that it is a level which 

minimizes or .eliminates the occurrence of unwanted effects. 

Purpose and Design of the Present Study. 

Why This Study? 

The present research project was designed to measure the potential 

tmpact of the Increased traffic sounds originating from Route 18 as enlarged, 

on the college students who.would be living and working in the vicinity of 
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the highway. It was recognized that most of the existing literature 

reviewed above dealt with aircraft or industrial noise; that evaluations 

.of soclal int~raction effects, as opposed to task•performa.Mce and physiological 

effects, ha 1·e seldom bee~ attempted; and that the subject populations have 

usually been either expedmental laboratory volunteers for br.Jef studies ol" 

~orkers and householders in the field. 

·. Are thes~ differences significant? The evidence is clear that the 

· spectral composition of the sound is indeed an important variable, so that 

the effects of vehicular traffic noise maybe quite different from those of 

aircrc1ft and mac11f.nery n~ise~. B~stdes, the temporal pattern of highway 

traffic;, c1nd. its ·associated sounds, Impinges on thos_E! in it~ vicinity quite 

differently from noise ''on the Job" or the environment near an airport, 

~rief laboratory s.tudles,: c,f at. most a .few hours' duratjo~, could ne>t begin 
. ,. . . ·. .. ·,. '• . ··. ' . . 

to .answer the questions. releval')t to the psychological imp~ct of 1 iving near 

· .. a busy .highway, espElCial ly for students .whose. work areas and living quarters 

. overlap gr.eat_l y • 

. For this reason, too~ it i~ tmport~nt here t_o include both task and 

social measu.res of impact~ a con.s ideration frequenJly overlooked •. It,. may be 

noted that recent research on human crowding has shown strikingly that 

.. while task performance ma'I'. hot· be affected over a short terin, . the nature 

of social behavior is changed considerably .. {Freedmanet al. 1971; Epstein, 

1972}; other environmenta.1 yariables,·such as noise, maywell,have similar 

effects. 
. . ,• : 

Finally, college students are different in important. ways from the 

genera 1 popu 1 at ion, a hd studies of .for examp 1 e, .the effects of mach t ne noise 
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on assemb 1 y-1 i ne workers may not be. highly predictive of students' reactions. 

It should be understood,.by the way, that whereas workers may perceive the 

noise as an unavoidable byproduct of earning a 1 iving, informal discuss ions 

and observation of student actions indicated strongly that many Rutgers 

undergraduates perceived Route 18 noise as an arbitrary and unnecessary 

degradation of their environment. 

Design of the Study. 

Analysis of the campus mi 1 i eux which wou 1 d be affected by Route I 8 

noise indicated that the two major sites of potential impact were class-

rooms and dormitory rooms. In the former, the major activities included 

lecturing by professors, student listening and discussion, note-taking, 

answering and askingquestions, and extraneous activities such as students 

talking among themselves, looking out the window, leaving the room, etc. 

In the dormitories, major :activities were social interactions such as 

group discussion, various :study-related tasks such as memorizing assignments 

and writing papers, and the casual activitfes of ordinary 1 ife -- sleeping, 

listening to music, readin'g, etc. It was decided that, for maximal 

reliability, we would collect whenever possible objective performance data, 

systematic ratings from trained observers, and introspective reports from the 

student subjects. Obviously, some of the types of data collection were less 

feasible in a given situation than others, so that not all three were 

obtained in every situation. 

a. The Classroom Study • 
. . ' . ' . i 

Classroom behavior data were obtained during the course of three days 

• in an experimental condition with traffic noise befng broadcast via loud-



·speakers outside the building, and in a control {normal) condition.in 

the same classes a week later~ Two kfnds of data wer~ collected: one was 

from questionnaires filled out by students attending classes in the building, 

the other consisted of ra~ing forms completed by trained observers who.were 

members of the research staff sitting Tri on classes. 

· Questionnaire topics concentrated ·on subjective react tons to the 

induced sound and on comparisons between cognitive and emotional responsivity 

to the experimental as compared to normal sound levels. Observer ratings used 
.·· . . ' 

a modJfied Bales system to evaluate the level and nature of class· interaction 

and student behavior (see ·t-1ethod). · 
. . . . . 

' . ..· . ' . •. 

' 
b. The Field· Exper·fmf!nt. 

In the field experiment, l8 s tudEmt volunteers spent five days iv ing . 

In dormitory rooms which w~re assigned to one of three sound conditi?ns: 

~ontrol,moderate, or high. Six subjects underwent each of these conditio~s 
. . 

for fourdays, while the other day (the first of the sessio~) constituted a 

normal-sound baseline condition. 
' ! . t. 

Data colfection·occurted four times a day. Repeated measures of 
. ·. 

cognitive efflcienc:y, affe~tive reactions, physiological arousal~ and• 

social. lnter9ction parameter:s \'>/ere .collected. {see Method). 
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METHOD 

This section describes in detail the procedures used.to carry out 

the general research des1gn described above. 

Classroorn Behavior. For this part of the investigation, highway generated 

sound was broadcast from ·equipment setup outside Frelinghuysen Hall, 

a large building with classrooms in the basement and ground floors and 

dormitory facilities on the floors above ground level. The sound was 

broadcast on April 14, 17, 18, & 19, 1972, although experimental data were 

collected only on the latter three days. 

Sound level manipulation. -- The sound broadcast during the· 

Fret inghuysen tests was recorded by precision equipment at several sites 

along the present Rt. 18 freeway during various time periods on several 

days near the end of March, 1972. This traffic-generated sound (see the 

G,E. report for a detailed; physical analysis} was then broadcast through 
I 

2411 and 31" speakers, usln9 a Magnetic Data Recorder (G.R. #1525-A) and 

amplifier. The levels broadcast were measured with a G.R. 1565-A sound 

· level meter and averaged 80 dB(A) ±.7 dB (A) at the speakers on April 14 

and 18, and 77 .:!:. 7 dB(A) at the speakers on April 17 and 19. Sound levels 

were also measured at various points in and around.the Frelinghuysen building 

with windows open and closed. In general, levels around 80 and 77 dB(A) on 

April 14 & 18, and 17 &- 19 '.respectively, were measured on the balconies 

outside the lounges, while 1the average levels inside the lounges were about 
. . 

55-60 and 50-55 dB(A) respe!'ctively. ·in the classrooms, with windows open, 

the measured sound levels were about 70 and 67 dB(A) respecthely, and with 

windows closed were about 6? and 63 dB(A) respectively. These sound 

levels were subsequently used in the field expe~i~nt. 
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It should be ment i on.ed that the 2411 speakers cut off frequencies be 1 ow 

about 120 Hz. These frequencies are fairly prominent in highway-generated 

sound, corresponding to a great deal of the heavy "truck rumble. 11 lh an 

effort to improve the simulation, 31" speakers were substituted, but these 

speakers still cut off frequencies below about 80 Hz. This would appear to 

be a difficult problem in the reproduction of traffic sounds, and it may 

have had some effect on the data of the present study. However, most of 

the lower part of the spectrum was present in the broadcast sound, so 

these effects were probably minimal. 
I 

Observers' Ratings. i- One component of the Classroom Study was the 

rating of in-class behavior by trained observers. A meeting open to all 

instructors and students with classes in Frelinghuysen was held during the 

week prior to the study, ahd permission was obtained for the presence of 

the observer in each class. 

Sample Selection. 

One relevant aspect df the situation was that Fret inghuysen Hall con-
' 

tains classrooms of various sizes and classes.with a wide range of subject 

matter, didactic methods, ktc. Classe.s are held from early morning 

through the afternoon. We 1 wanted to be certain that a fair representation 
' of each type of class and each time period was fn~luded in our sample. A 

.. : 

' complete 1 ist of classes which met on the experimental days was provided, 

and the classes were divided into time and general subject matter categories. 
I 

Within these categories, an attempt was made to include classes of various 

sizes to control both for number of students and, at least indirectly, for 

teaching method (e.g. semirlar, discussion, or lecture). The final 

breakdown of the 33 classes. in the sample is included as Table l. 
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• Table 1 

Types of Classes Included In the Sample 
AM PM 

15 More 15 More 
6r than or than 

Sub ·ect Cate or Attendance: fewer 1 fewer 1 

Humanities (Foreign Language, Literature) 2 0 3 2 

Social Sciences (History, Psychology, 
Economics) 5 0 3 

Mathematics 2 3 4 

Applied Sciences (Computer Science, 
Military Science, 
Business Administration 4 



Rating Categories and Procedure. Three. observers, who were told 
. . . 

nothing of the purposes or hypotheses of the study, were trained in the 

use of the rat.ing categories, whichare included as Appendix B. Identification 

of the class, including scheduled and actual starting ti'me, ahd attendahce, 

were record.ed; modified Bales interaction categories were used to record 

the nature of verbal interaction. in the class. The total number of 

verbal corrmunications, and the location in the room of the source of each, 

were a 1 so recorded. 

At fifteen minute intervals, the observer filled out the "15 Min_ute 

Surrmaries 11 (see Appendix B). These ratings asked for a·general evaluation 

of the class proceedings, with ca tegorf es measuring the nature of task-

oriented (items 1. 2, and 3), affective (items 9, 10), and general. 

classroom factors.· .Item 8, concerning the general level of noise, was a 

check on the experimental .manipulation; item 7 (1'Adequacy of classroom 

1 ighting") was a control question to· indicate any possible rater l;,ias 

(cf. Ro.sentha 1, 1969). 

Behavior rating forms:, interspersed every 15 minutes by sunwnaries, 

were filled out until the class was dismissed. One week after the first 

observation, ttie same observer again visited the same cla.ss and cCJmpleted a 

second set of ratings .and summaries. This served as a control comparison 

~fth the earlier, simulated traffic sound, condition. 

Student Questionnaires. -- Large boxes of blank qliest.ionnaires were 

placed in the hallways and near classroom doors fo Frelinghuysen Hall 

during the exp4;1rimentat sound-induction days. ihere were signs urging 

students to fill out a questionnaire, and othel marked boxes were made 
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available in which completed forms could be deposited. Obviously, there 

was no control over which students chose to fll 1 out questionnaires nor 

over the number of forms ffl led out by each respondent. A total of 819 

completed qu~stionnaires ,were turned in; the form itself is included as 

Appendix C. 

Field Experiment. 

Subjects. -- College students were recruited for the one-week experiment 

by offering them 70 dollars remuneration. Students who volunteered were 

screened in a telephone interview explaining the requirements of the 

experiment in terms of tin,e necessary and 1 imitation on movement. Twelve. 

women and six men who participated in the study were randomly assigned to 

double rooms with the restriction that roonmates were of the same sex and 

did not know each other prjor to the study. 

Procedure ... .:. The subjects were further randomly divided into three 

groups of four women and t,wo men each. One group was designated as a 

.control and was assigned to rooms on the 2nd, 4th, and 8th floors of the 

dormitory. The remaining two groups were assigned rooms on the first floor 

so that one group was in high level traffic sound. rooms (see Sound Manipulation) 

and the other was in lower level traffic sound rooms. Al 1 subjects attended 

preliminary sessions on the Saturday and Sunday preceding the study week in 

order to receive orientation and familiarization with the forms. By 

Monday aJl subjects had moved. into their assigned rooms and begun the week 

long exper.iment. The daily schedule was as follows: 8:00 .~· 10.:00 AM 
. . . . 

comp 1 e te morning packet of comprehension, memory, creativity, and adjective 

- checklist tests and. take pulse; 10:00 - 3:00 PM complete packet again, 
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with alternate forms of test except Adjective Checklist; 6:00 PM attend 

group discussion session and then do Prisonner 1s Dilermia game with roommate 

(order counterbalanced a~ross days); 8:00 PM - 12:00 AM complete third 

packet of forms. This schedule was maintained with few exceptions through 

the week until Friday everiihg when the study ended. In instances where 

tests were missed, they were made up at the earliest opportunity except in 

the case of the group discussions and Prisonner's Dilermia games. 

Monday served as a control or baseline day since the highway generated 

sound was not turned on until Monday ~ight with the nightime traffic tape 

(see sound level manipulation). Saturday and. Sunday test administrations 

were also counted as baseline. 

Dependent measures. -- There were four measures in the packets which 

the subject completed three times daily. Pairs of subjects sharing the 

same room administered th~ tests to each other,or,·tlmed themselves on the 

various tests, depending on convenience. The 18 memory tests consisted of 

definitions from the Encyclopedia Britannica Dictionary. Definitions were 

randomly selected .with the restriction that eac.h be approximately 100 words 

long (see Appendix D for 1 an example). Subjects had 5 minutes to read the 

passage and 5 minutes to wdte their recollection of the passage on the 

provided form. The 18 foqns of the reading comprehension test were selected 
I 

from sample items in a Gra~uate Records Examination primer (see Appendix E 
. . 

for an example). Subjects' spent 5 minutes reading the passage and answering 

the questions. The 18 forms of the story integration test were composed 

five words from which the subjects were requested to write a story: (see 

• Appendix F for an example). Subjects had 5 minutes to compose a story on 

each occasion. The five words on any particular test were drawn one each 



• from five classes of things: animals, vegetables, minerals, plants, and 

tools. The fourth test was the Affect Adjective Check List (AACL) (See 

Appendix G), the same form of which was used in all administrations. All 

tests were counterbalanced across administrations. For the group discussions, 

topics were chosen to be timely ones (women's liberation movement, case of 
( 

a juvenile delinquent, etc.). Group discussions were to last 30 minutes, and 

the group was to try to come to some consensus regarding the topic of 

discussion. Ii, actuality, discussions. often stopped before 30 minutes had 

passed, while one session ran considerably over 30 minutes (see Results). 

The discussions were rated on a selected set of Bales interaction categories 

(see Appendices B & H) in blocks of 5 minutes •. Raters were paid graduate 

students Who attended a training session during which a consensus on the 

Bales category definitions was reached. Raters were assigned to groups at 

random, one to a group, and stayed with the same group al 1 week, as the 

ratings depended oh knowin~ the names of each person in the group. On the 

first day, raters explained their role to the group, introduced the topic, 

and then withdrew to the pE;!riphery of the room. On subsequent days, raters 

simply announced the topic and withdrew. 

Raters also administered the Prisonner's Dilemma (P.D.) game in a 

counterbalanced order with the discussion. The game consisted of 10 trials 

per day of a standard, symmetric, medium payoff game (for points, not money) 

(see Appendix I for the payoff matrix.) Each subject was paired with his 

or her rconmate; there were 10 occasions on which each had to choose to 

either cooperate or compete~ with consequences described by the payoff matrix. 

Choices were made by selecting the appropriate slip of paper and handing it 
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to the rater •. The rater }then announced the payoffs,· returned the choice·· 
-- . ' . . 

·slips, and administered the:,·next trlal. At the end of each session, the 

st,ibjects were told their overal 1 scores. 
. . 

Sound level manipulation .... As was mentioned above·, the level of 

highway-generated sound in the envtronrnent of the subjects wais the independent 

variable of interest in tt:ie present study. Three levels of sound were 

chosen, and a group of s i>~ subjects 1 _ived with this sound. continuously for 

four days after the one-day basel lne period •. The sound used was a 

re-recording of ·the highW~y-generated sound played at the Frelinghuysen 

dormitory in the ~la~sroOITI study described al:>ove. ,The s~und, recordings used 

in the field experiment were made oti April 14, 1972 in. room A-3, 
... _,•. . -·.' . : ·.. . 

. . . . . 

Fret inghuyseri Ha.11. wfth t~e windows open. The equipment used for the record_"".' 

ing was as follows: __ Ampex 601 tape r~corder, Ampex 620 playback amplifier/ 
. . . . . . ' 

speaker, Shure $65 Cardioip micr<>phone; and a Sony TC".'l04~A tape recorder. 
. , .. ·: .. · .. ,. : I . . .. 

The tra.ff i c s_imulc1tions:· re~brded on the Ampex 601. tape recorder were being 
j . . . . . 

b_roaidcast from the canal tpw path behind .the dormJtory .thr()ugh 2411 speakers 
I . •. . · .• 

· that cut off frequenci~s below 120 Hz·. and above 6 KHz. The_ 601 handles 
! 

these frequencies easily. l The Sony TC-104-A tape recorder wa~ us_ed to .make 
1 .. 

5,nlinute loop tapes fr~ the master, tapes. The highway generctted sound 

broa.dcast in the rooms of the subjects_ in the H an·d M conditionS"':was from . 1 . 

tapes played on th_e Sony t~p~ recorder.• The output of the Sony \'las fed 

through a Bogen M-120 mixe~ _power amp1 ifier to colUflll!I level speakers that 
.· . · ... ·. ! ...... _.·.. .. . '.• .·. •. ·. · .. · •. •. . 

cut off f requencJ es be low 1;00 ·Hz. Thus the spectra 1 compo~; tJon of the 
i 

s9und may have d!ffered s0ff1ewhat from the typical one (see Kryter, 1970) 
_:" 

• I •• : 

.• Which includes a la·rge comppnen~ of frequencies under 120 Hz •. Pheriomen-

·;":See page 42. 
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ofoglca1 ly, the rumble of the trucks was somewhat attenuated. 

Table 2 shows the measured sound levels of the tape loop broadcast 

at various times of the day for the two experimental conditions. These a,-e 

average sound levels; actual levels varied.± 7 dB(A) from the averages. 

The control condition had no extra sound introduced into their rooms; they 

1 ived at the ambient noise l_evel of the dormitory. This was measured to be 

about 40 dB(A) inside the rooms and 50 dB(A) in the corridor, providing 

no radiok, record players, etc. were operating. Thus, there was a fairly 

1 a rge separation in ave rage ambient sound 1 eve 1 for the three groups of 

subjects. In addition, the control subjects heard very 1 ittle, if any, 

traffic-generated sound, the dorm1tory being well insulated and isolated 

from any large highways. 
' 

Combining the testing schedule and the schedule of noise broadcasts, 

it will be seen that in general two of the three daily cognitive-affective 

batteries were run in the equivalent of rush hour sound conditions (the 

highest level); the other was run in nighttime intermit:tent, the lowest. 

level. Also, the discussion and P.O. games generally took place during 

the highest or next highest level sound broadcasts. 
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Table 2 

SCHEDULE OF SOUND BROADCASTS FOR THE 
'H · AND M CONDITIONS 

AVERAGE SOUND LEVEL BROADCAST (dBA) 

TIME OF DAY 

1. 7:30 AM-10:30 AM 
2:00 PM- 6:JO PM 

2. 10:30 AM-2:00 PM 
6:30 PM-8:30 PM 

3. 8:30 PM- 7:30 AM 

.!:!. 

70 

-.': An average, 
-,';-.'; An ave rage, 

intermi tten',t noises peaked at 62 dB (A) 
interrnitten'.t noises peaked at 58 dB(A) 

M 

66 

63 
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RESULTS 

· · The results will be presented in the same order used in the Me«lhods 

·section •. 

ClassrOO!llBehavior. 
. . 

S_ince there was no difference between the effects o~ the two experimental 

sound leveJs, these were collapsed into one category •. :Thus, the major 
. . . . . . . 

· comparisons were between the experimental conditlon and the control or 

'•us ua 111. tond i t i ~n • 

Observers' Ratings. --Although there were several large differences 

between the pairs of rating~ (nois~ broadcast vs~ control days} on a 

number of categories, t-tests showed _nons ignif icar1t trends du~:!' to ~jgh 

variance. Therefore, the d~ta were reanalyzed by use of the Sign Test. 

·The followin~(significant dfffe·rerices were obtained. 

Under the ex erimenta:1 induced sound conditions there was: 
·a •. t.ess ·classroom pa;rticipation !. = 2 .• 46, 2. < .. 02 · · . -
b. Less attention toi c}assroom proceedings_(!,= 2 .• 30. e,,< .02) 
c. Lower' audibility pf .instructor comments (f = 3.11, .e.< .002) 
d. Lower audibility of student comments (z ==3.01, e_ < .003} 

• · (A 11 of the above": s ign 1 f i ca nee 1 eve 1 s a re two:.ta i 1 ed) . 

.. ····< - There were also trends to the effect that unde.r induced sound: 
a. Mo.re.l~cturing rather than discussion (!, = 1.46, 2. = .•. 07, .one-tailed) 

: b. ··.· .. Less. as'king '.for opinions (!; = L37; p = ~09, one-taHed) ·· . · -. -

The manfpuiation check· indicated that observers· in all 33 cfasses rated 
. . 

the experimental· session as higher in ambient noise than the control 
,•. . .· ·. ... . .· .· ·.' . . -.. 4... . : . . . . . . 

sEission (~ = 5-57. 2.< 5 x 10: ). whereas the "illumination" cont'rol 

question showed no diffifrenc~s (experimental and control ratings within one 

. point in-12'ofthe 33 comparijsons: ln the other 21, experimental rated 
. . . i . . 

higher than _contr()l J 1 times 1and vice versa H) times). · It thus a.f)pE?ars that. 

the rnanipula~ion was-E?ffectivie, an<-f, that the results were not due to 
gener·a1 t:zed observer bias. · 

i 
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More detarled analysis indicated that there was no reliable effect 

of time within session on any item. 

Student Questionnaires. -- Every one of the nlne questionnaire items 

showed highly significant differences between "Today" and "Usual," with 

~2 s ranging from 50.90 to 883.31 (all but two of the nine were greater 

than 400). In every case, the induced sound condition was rated negatively: 

lower efficiency of note taking, lower attention to class proceedings, lower 

audibility of teacher and student contributions, lower general student 

enjoyment, lower own enjoyment, less seriousness, less discuss ion. The 

man ipul at ion check was again confirmatory in that the "Today" condition was 

perceived as more noisy than usual (~2 = 883.31). Again, no time effect 

within the day was found. 

Comments (item 10, Appendix C) were slightly less unanimous (some 

students said that they could get used to the noise, or that they had 

expected it to be worse), but were still quite strongly unfavorable. Some 

were extremely indignant and hostile, including one from a student who 

asserted that his dormitory room on the fourth floor was being made 

uninhabitable by the sound. Also, several comments expressed indignation 

concerning the. invasion of the classrooms and dormitory rooms by the noise, 

especially about the fact that decisions about the experiment were made by 

authorities without previous consultation with the students. 

One piece of anecdotal data supports the evidence from both classroom 

observations and student reactions: the cable to the sound equipment was 

cut by students at least twice, and several questionnaire comments promised 

- to destroy the equipment if it could be found unguarded. 
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Field Experiment. 

Checks on Experimen~al M~nipulations.•- On the final questionnaire 

which al 1 subjects answer1ied, there were several questions relevant to the 
. ' . 

subjects' perception of the sound level in their l ivlng quarters during the 

study and in their usual environment (see Appendix J for an example •Of the 

questionnaire). The responses to these questions can serve as a check on 

the manipulation of environmental souhd level in the present experiment, 

as well as a preliminary indication of the subjects' rejection to the 

· highway generated sound. lTable 3 displays the mean responses of the subjects 

to all questions except number 7. Questions 3 fhrough 6 are of interest 

here~ The responses tb the.se questions were subjected tOan analysis ·of 

variance to see if the differences that can be observed in the means in 

Table 3 were.statistically significant. The resulting .£-ratios, with 2 

and 15 degrees of freedom in all cases, are also displayed in Table 3, along 

With the Q.. value for each, E,. 

It can be seen that the differences observed on questions 3 and 5 were 

stat i stJca 11y significant~ those on questions 4 and 6 were not. For 

question 3, this rneans that the experimental sound leveJs sJgnificantly 

affected how noisy the subjects perceived their rooms to be, from a mean 

rating of near the extremel!y noisy end of the scale in the high sound 

condition, to a rating on the quiet side of the midpoint forthe control 

condition. Soheffd's tests on contrasts shows that at the .05 level of 

significance, both the highi (H) and medium (M) sound level conditions are 

differFnt from the control condition (C) but are not different from each 

• other. The lack of statistical significance for question 4 means that there 
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were no dlfferences,between the various conditions in terms of how noisy 

our subjects reported their usual environments to be. This lmpl ies that 

the differences observed between the groups on question 3 were indeed due 

to the experirnental manil'ulations. 

The sig~ificant differences in responses to question 5 mean that the 

noise levels present in the subjects' rooms bothered them differentially 

depending on the condition: subjects in the H condition were greatly 

bothered (mean of 2.5 on a ?-point scale), subjects in t:,e M condition 

next most, and subjects in the C condition, least. Again Scheffe's t~sts 

on contrasts, using the .05 level of significance, showed that the Hand M 

conditions were both significantly different from the C condition but not 

from each other. The fadt that there were no significant- differences in 

responses to question 6, how niuch subjects were bothered by the noise level 

they usually 1 ive in, implies that the differences in responses to ouestion 

5 were a result of the experi'llental manipulation of the sound level iri 

q,e subjects' rooms. Thu~ the manipulation of the sound level seems to have 

been successful, at least1 in so far as the subjects reported their environ-

ments to be differentially noisy over conditions. In addition, subjects 

in the high sound level conditions were significantly bothered by the 

highway generated sound, as compared to the control subjects. 

Coqnitive Performance. -- Subjects' scores on the memorization and 

story integration tasks were divided into three groups: the average score 

for the baseline period (BL), which included the Saturday and Sunday 

session and the first two ;(morning and afternoon sessions) on Monday, 

and the average scores fol". the first and second halves of the remaining 

administrations which occurred after the highway generated sound was turnerl 
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• 
Table 3 

MEAN RESPONSES TO FINAL QUESTIONNAIRE 

Sound Level 

Question HI MED CON E f. 

4.33 2.83 2.50 1 • 17 N.S. 

2 4.17 3.83 4.00 .08 N.S. 

3 6.33 5.50 2.50 10.66 .001 

4 3.33 2.83 4.50 .87 N.S. 

5 2.50 3. 17 6. 33 5.93 .01 

6 5.67 6.33 6.17 ' .29 N.S • 

8 4.6 1.6 1.1 • 0002' 
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on on Monday evening. In ·this way the data were reduce_d to manageable 

numbers, and indices cf both change from the baseline and chang.e over time 

during the "noisy" part of the study were available. 

Table 4 shows the mean scores on the memorization tests over the 

three conditions and time periods. There seem to be differences in the 

scores, in the direction that performance declines from baseline levels 

over the v,eek for the two induced sou_nd groups, but remains the same for the 

control group. However, an analysis of variance of the memorization scores 

indicates that these differences are not statistically significant. 

Table 5 shows the mea.n.scores on the story integration test, higher 

scores indicating greater ab,ility in creative synthesis. This is an ability 

· which is quite important to a co11ege student. There seems to be some 

decJ ine in performance from baseline in both the M and C conditions, and 

no large differences over time for the H condition. However, an analysis of 

variance shows these differences not to be statistically significant. 

Because of time 1 imitations, the reading comprehension te$tS were not 

scored and so results on this test are not at present available. The raw 

data will be supplied on request (but in view of the fact that there are no 

significant difference __ son the above cognitive measures, a prediction of . . 

no differences on the reading comprehension could be made). 

Group Problem-Solving. 0 - Table 6 shows the number of statements 

(meaning units) made by the subjects in each group which were scored in each 

of the Bales interaction categories for each discussion-day of the study. 

These are the basic data to be analysed here. Before discussing these data, 

- It is necessary to report on one aspect of the group discussions that did not 

go as planned. Although the discussions were to last 30 minutes each day, 
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Table 4 

MEAN, SCORES ON THE MEMORIZATION TEST 

1 

BL 1 2 
Hi 148.8 120.5 100.s 

SOUND 
LEVEL M: 193.0 190.0 180.6 

C 158. 1 150.9 156.0 

Table 5 

MEAN SCORES ON STORY fNTEGRATION TEST 

TIME 

BL 1 2 
H' 3.40 3.02 · 2.97 

SOUND 
LEVEL M '. 4.27 3.82 3.06 

C • 3.50 3.79 3.55 

BL - Baseline 

- First half of trials after baseline period 

2 - Second half of trials after baseline period 



-47-

the actual number of minutes spent in the discussions was different across 

days and groups. Table 7 shows the time spent in discussions for each of 

the groups for each of the days of the study. It is apparent that the 

H sound group spent most t irne in discuss ion. the M group next most, and 

the C least. This ordering does not reflect the ordering on the first 

day of the study, when the noise had not yet started. Even so, since 

the H group did spend longest on the first day and on subsequent days, the 

time spent on the first day was compared with the average time spent on the 

four experimental days. These averages were 37.5, 27.5, and 20 for the 

H, M, and C condltions respectively. It can be seen th~t in both 

experimental conditions, there was an increase that averaged 12.5 minutes 

per day over the time spent on the first day. There was no such increase 

in the control condition. 

Table 8 shows the data of Table 6 collapsed over the different 

categories of statemehts in order to give an idea of the progress ion over 

time of number of statements coded and a clear picture of the differences 

in total units coded in the three condit.ions. It wilt be remembered that 

the initial discussion was held on Monday, May 1, before the highway 

sound was turned on in the experimental conditions. It can therefore act 

as a baseline for all of the groups. It can be seen that there is a general 

tendency for all groups to increase over the baseline in the number of 

meaning uni ts coded in the di ffe rent categories. In genera 1 , the number of 

units coded rises until the middle of the week, arid then declines on the 

last two days of the study. Both the Hand L conditions follow this general 

pattern closely. The M condition has peaks on the second and fourth days, 
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Table 6 

Interaction Ratings - Total Occurrences 
Collaesed Over 2 Min. Periods and Ss 

HI DAY (MAY} MED DAY {MAY} LO DAY {MAYf 

Categories 2 J 4 2 2 4 2 1 2 3 4 5 

Agrees 5 · 10 13 25 18 71 6 24 14 8 8 60 2 3 5 15 28 

Disagrees 9 16 50 · 14 2 91 4 24 2 3 34 5 2 6 7 21 

Gives Info. 8 44 108 58 43 261 6 89 48 68 28 239 3 13 _31 36 10- - -93-

Asks Info. 0 25 55 7 12 99 10 26 17 21 7 81 3 8 15 9 9 44 

Shows tens 0 6 25 1 0 32 0 7 4 0 12 0 0 0 0 0 0 
I 

Gives Opin. 8 15 106 22 15 166 27 22 29 67 62 207 16 18 26 36 26 122 +:" 
00 
I 

Asks Opin. 0 9 45 0 55 3 0 0 22 26 3 2 0 0 6 
-. 

Dramatizes 6 17 35 25 13 96 12 20 7 8 12 59 1 3 25 0 4 33 

36 142 437 153 103 ill ~68 212 121 198 119 1l§. ~33 49 109 83 71 ill. 
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I 

with a slight dip in the middle. The differences between the conditions 

In the pattern of change in units over days coded is statistically 

significant ('6_2 =221.2 with 8 df., .e.< 10-5). It would seem that the 

• peak on the third day for: the H condition is htgher than predicted, and 

the depression on the third day for the M condition is also deviant. Beyond 

this, it is difficult to interp~et these differentes. 

It is easier to int~rpret differences in the total number of units 

coded in the various groups. It can be seen from Table 8 that the H 
I 

subjects uttered the most. codable statements over the week, followed by 

the Mand then the C ~group, although on the first session the most units 

were scored for the M group. However, these differences may simply be due 

to the fact that the H condition spent more time talking than did the M, 

and the M spent more ti~ than the C. In order to test whether the rates 

of emission of meaning units were different between the conditions, a 

chi-square test was done in which the expected frequencies in the cells 

were calculated from the proportion of time spent in discussion by the 

various groups. Thus, the H group accounted for 43.75% of the total time 
I 

spent by all groups in distussion during the week, the M group 31.25°/o, and 

the C group 25°/o. Using these expected proportions, the '6_2 for the totals 
-4 

in Table 8 was 61.8, with two df., .e. < 10 • Thus, it can be asserted that 

not Only did the Hand M groups spend more time in discussion than did the 

C group, but also they utt:eredseparately codable meaning units at a faster 

rate during that time. 

It is also possible that the increase in units coded during the 

middle part of the week .is; simply a reflection of the greater time spent 
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discussing during those days. This certainty seems to be true for the 
i 

dip in the third day for the M group, since there was a similar dfp in 

time spent on that day for that group. In order to test this hypothesis, 

a similar chi-stjuare test to the one described above was done, using the 

pr-oportions of time spent, as,·the expected proportions of units coded. For 

·h. 2 35" Q df 8 i tf. b than the 10-5 level. t 1s test X = _ • ·, s gn ,cant at etter 

Therefore, although it may be true in some cases that the increased number 

of units coded was a resu:lt of increased time spent in discussion, it is 

not t_rue in general for the data of this study. 

Table 9 presents the discussion data collapsed across days, so that 

the overc:111 pattern of statements scored in each of the interact ion cate-

gories can be seen. The most obvious patterns are that the categories of 

giving and asking for information and giving opinion predominate in the 

discussions in all groups~ On the other hand, there are relatively few 

examples of showing tension and askin9 for opinions. In order to determine 

whether there was any overall difference between the different groups 
1 

in the pattern of interaction category frequencies, a chi-square test was 

done on the data of Table 9. The overall i 2 was 83.4, df = 14 2, 10-5 • 

However, since the table is so complex, i.t is difficult to interpret this 

result. tt·was thouQht necessary to break Table 9 down and test the 

results of each category or pair of complementary categories separate I y. 

There are three complementary pairs of categories which can be 

meaningfully compared withl each other. They are Agrees-Disagrees, Gives 

Information-Asks for Information, and f}ives Opinion-Asks for Opinion. A 
! 

chi-square test was done for each pair separately on th.e data shown in 
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Table 7 

DURATION OF DISCUSS IONS IN THE FIELD EXPERIMENT (MINUTES) 

DAY 
1 2 3 4 5 

HI 25 30 60 30 30 · 175 

NOISE MED 15 30 25 30 25 125 

LO 20 10 20 20 JO 100 

~-
I 

60 
1 70 115 90 65 400 

Table 8 

TOTAL MEANING UNITS SCORED (DURING DISCUSSIONS) ON EACH DAY 
~F THE FIE(O EXPERIMENT 

NOISE 

HI 

MED 

LO 

•·~ 

I 

DAY 
. l 2 3 4 5 

HI 36 142 437 153 103 871 

MEO 68 212 121 198 l 19 718 

LO j3 42 lO~ 83 z1 l4~ 
-z_ 137 I 403 667 434 293 1934 

Table 9 

TOTAL HEANING'UNITS SCORED·.(DURING DISCUSSIONS) 
IN EACH MEANING CATEGORY 

CATEGORY 
A DA 

' 
GI Al ST GO AO D 

71 9) 2~1 9.9 3t 166 55 96 

60 34 I 239 81 12 . 207 26 59 

26 21 23 44 0 122 6 l~ 
157 · 146 I. 593 . 224 44 495 $7 188 

871 

718 

l42 

1934 
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the appropriate colurnns o1f Table 9. It is not necessary to take tlme spent 

in discussion into account for any of these tests on complementary pairs, 

because what is looked at: Is the relatfve frequency of scoring of the two 

categories c1cross the three groups. The x.2 for the A-DA test was 9.8, which 

with 2 df is significant at the .007 level. This means that there was more 

disagreement relative to agreement in the H condition than in the Mor C 

conditions. For the GI-Ai comparison, the x_2 was 2.23, which is not 

significant at the .05 level. This means that there were no differences 
I 

across conditions in the relative amounts of giving and asking for 

information. The x_2 for ~he GO-AO comparison was 30.4, which is 

·significant at better than: the 10-5 level, indicating that there was more 
1 

asking for opinion relative to giving opinion in the H condition than in the 

Mor C conditions. 

Two of the interaction categories, Shows Tension and Dramatizes, do 

not easily pair up; therefore, separate analyses were made on the data in 

these colurnns of Table 9. Since the interest here is in absolute 

frequendes of occurrence,·. it is necessary to take into account the time 

spent in discussion in the same way as for the analysis for total categories 

coded. Therefore,. chi-squ~re tests were done on the data in these two 

categories, using the proportion of time i;pent by each group as the 

expected proportion of units coded. Thus the interest in rate of emission 

of these units. 

· The x2 for the Shows Tens ion data was 19.66, whichwith 2 df is 

significant atthe .005 level. This means that the rate of emission of 

tension units was higher in the H condition than in the other two, and 
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htgher in the M condition, than in the C condition. It is Interesting 

to note that not one occu,rrence of this category was recorded for the 

C condition over the ent i 're week! Both of the exper imenta 1 conditions 

showed a fairly moderate ~incidence of this response. As Table 6 shows, 

this category was not used for any of the groups on either the first or 

the last day of the study~ All of this behavior came in the Hand M 

groups during the middle three days, With the bulk of it during the 

marathon session on the t~ird day for the H condition. 

The analysis of the Dramatizes category in the same way gave a 

x2 of 6.Lf] which with 2 df is significant at the .05 level. This means 

that there was a tendency,for the subjects in the Hand M conditions to 

utter more statements whith told a story, or called up illusions or 

Images, fhan for those in 'the C condition. All conditions seemed to have a 

fairly high incidence of this kind of statement, however. 

Prisoner's Dilemma Game. -- Two basic analyses (cooperativeness and 

contingent propensities - see Rapoport & Chammah, 1965) of the data were 

done for the data of .the P.O. games played each day either before or after 

the discussion. However, tit is necessary to preface these analyses with 

the statement that in general the P.O. gamewas not successful in differen-

tiating between the groups, with respect to post-baseline performance. (it 

wil 1 be remembered that the first game was run before the highway generated 

sound was turned on in the experimental conditions). On the first day, 

most of the subjects of the M group achieved cooperative lock-in (both 
-, . i 

players make only cooperative choices), which was quite different from the 
. I 

I 

other two groups. This grqup persisted in cooperative lock-in, and .therefore 
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did not change over the experimental period. In addition; the data for the 

first day of the C group'
1
are incomplete, since two of the subjects were not 

i 

present on that day and did not play the game. Thus the data cannot ·be 

considered complete enough for definite conclusions, and are not very 
I 

informative even where they are complete. In addition, the games were 

only 10 trials long, which is far too short for most patterns reported 

in the literature to appear (see Rapoport & Chammah, 1965). 

Table 10 shows the results of the analysis of the data on 

cooperativeness. The data are the proportion of cooperative choices for 

all pairs of subjects in ~ach group who played the game on a given day. It 

can be seen that for the most part there are no changes of any magnitude over 

baseline (the flrst day) ~n any of the conditions~ The M tondition starts 

out being most cooperative, and maintains that advantage. The H condition 

is next on the first day, with the C condition showing the lowest 

cooperativeness, and the 6rder of conditions is the same on each succeed-

ing day. From these 1 imited data, it can be asserted tentatively that 

the experimental manipulations did not affect cooperativeness as measured 
! 

by the P.D! game. 

Table 11 presents the frequencies of cooperative and competitive 

moves, contingent on the moves made by both members of the pair on the 

previous trial. It was not possible to analyze baseline and experimental 

data separately, because of the number of data points needed for this 

analysis. A defection is a competitive move made by one player when the 

other has made a cooperative move. Chi-square analyses were done on each 

• of the subtables associated with the different possible combinations of 
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•. 1 . Table 10 

! 
. I 

PROPORhON .OF COOPERATIVE CHOICES IN' 
·THE.· PR rSONER1~s DI LEMMA· GAME' . ·· · 

DAY 

1 , .. 2 3 4 5 
HI .62 .65 .so .62 .• 52 

! 
· MED .ea. .83 l.00 LOO .98 ·, 

LO .3 .47. .43 .30 .42 
·\ 

Table 11 

CONTINGENt PROPENS ITf ES IN THE P.O. GAME · 

.. PREVIOUS CHO ICES 

BOTH OTHER 
COOP DEFECT 

SELF.·· 
DEFECT· 

Goop ... Comp• i.• · · Coop ·. Comp Coop Comp·.· 

70 20 36 11 19 28 

219 .· 5 7 2 5 4 
.•. 

43 19 .. 16. 19 13 22 

BOTH 
DEFECT 

Coop Comp 

10 40 

3 7 

J6 86 
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previous choices. 21 The K, ·. for the data when both players cooperated on 

the previous move was 50.;58, which with 2 df is significant at better 

than the 10-5 level. According to Rapoport and Chammah (1965), a tendency 

·to respond cooperatively when both players had responded in that way on 

the previous trial is indiicative of trustworthiness, or a willingness to 
' continue the cooperative interaction. This result means that the M group 

displayed much more trustworthiness .than did either of the other conditions. 
. ' 

This was already apparent fromthe first day, and so a separate analysis 

was done dropping the M condition from consideration. The K,2 for this 

analysts was only ~~6. whJch for 1 df has a a of .32 of occurring by 

chance. Therefore, there. 1seems to be no difference between the Hand C 

conditions in the amount of trustworthiness displayed in the P.D. game. 

When the oth~r player defected on the previous move, and a 

player makes a cooperative move, this implies. that the cooperating 

player has forgiven the other his defection. Thus, the proportion of 

cooperative moves which follow defections by the other player is a measure 

of forgivingness. An analysis of the frequendes in the columns under 

this category in Table 11 gave a K,2 of 9.12 with the M condttion included 

and 6.97 without that condition. These !,2 s are significant at the 

.025 and .008 levels, with 2 and 1 df respectively. This means that 

both the H and M conditions: were more forgiving than the C condition over 

al 1 the days of the experiment. There is no rel i,able way of tel 1 ing 

whether this represents a change from the baseline in the experimental 

conditions, so the interpretation of this result remains uncertafh. The 

• remaining two sets of data in Table 11 represent measures of responsiveness 

and trustingness respectivel,y. For neither of these was the !2 significant 
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at the .05 level (12 is were·l.01 and l.49 with 2 df). Therefore, it can 

be concluded that there were no differences among the various groups in 

·responsiveness or trustingness as shown by the P.O. game • 

. Pulse Rate. -,- Table 12 displays the mean pulse rates of the 

subjects in the three. conditions for the baseline period, and the first 

and second halves of the experimental period. Ther,e are differences 

between the groups in puls.e rate, but they are present from the first day. 

There seem to be no reliab,le changes over time~ and indeed an analysis of 
i 

variance resulted in no significant F-ratios. Thus it can be asserted 

that the experimental manipulations did not affect the pulse rate of the 

subjects. 

Affect AdJective Chec.k Ust. -- Three times a day during the week and 

onee each on Saturday and Sunday (see Append ix G ) , subjects checked how 

applicable each of 3.3 difJ~rent adjectives were to their feelings. Analyzing 

the responses to .each of the adjectives would be cumbersome and quite 

complex. Therefore, 9 indfces were created from subsets of the 33 
i • -- , • ' I 

.:Nijectives. These were as follows: High Energy (full of pep, energetic; 

vigorous, alert), Low Eneilgy (weary, ti.red, exhausted, listless),. Happy 

(happy), l/l"lhappy (blue, hopeless, unhappy. discduraged, miserable), 

Interpersonal Hostility (an'noyed, ready to fight, peeved, furious, spiteful, 

rebel 1 ious), Free-floating Anxiety (anxious, uneasy, on edge, shaky), 
' '. . .. ! _' . ' 

Cognitive Decrement (confused, uncertain about this,. unable to concentrate, 

forg~tfol), Depress ion {unworthy, sorry for things done), and Positive 

Affect (re taxed, cooperativ~, good-natured). A subject 1s score on each 
I 

Index was the mean rating over alt of the adjectjves making up the index 
1· 
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• 
Table 12 

MEAN PULSE RATE 

M. 
BL 1 2 

ff 74.4 75.4 78.o 

SOUND M 78.5 78.3 75.8 
LEVEL 

C 82.8 83.0 83.0 
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and over all administrations of the checklist for the particular time 

period (baseline~ first !and second half) as defined above. 
I • 

Table 13 displays the overall mean ratfngs of each index ::across 
I 

time and conditions. It, is apparent that for the most part subjects were · 

unWill ing to say that very many of the adjectives described their feelings 

to any great degree. For example in the High Energy index, most of the 

mean ratings are about l; or below, which on the 0•3 scal.e used represent 

11A 1 ittle 1 ike me 11 to "Npt at all· like me''• Analyses of variance·-were per-

formed on the data summarized in each of the nine parts of Table 13. Only 

two of these {High Energy and Positive·Affect) F-ratios yielded significant 

at acceptable levels, so the data of the remaining seven indices will 

not be discussed in an,y detall. For those indices, there seems to have 

been no effect of the ex~erimental manipulations of sound level· on the 

fe~l ings of the subjects 
1

as represented by thef r ratings on the check:1 ist. 

For the Hlgh Energy 1 index, the analysis of variance-revealed a sig-
. . 

n if i cant interact ic,n between the exper.imenta l cond ft Ions and the time 

factor (f. ,;, 7.03 with 4 .a~d 30 df, .e.< .ol), l>ut n<> s igniflcant maln effec:ts 1 

eit.her time or sound level. Thus the differences between the patterns· of 

mean ratings over time for the three experimental conditions is 

statistically stgnificant. Overall, the C condition reJ)orts an increase ln 

energy over the experf'rnen,tal pertod as -revealed by their increasing ratings 

on the Hfgh Energy index., The M ~ondition also displays this increase in 

energy, but it is less dramatfc. The H condition, on the other hand, shows 

a sharp drop in reported ienergy level over the week. It seems that it 

- · started out with the highe'st and finished with the lowest energy level. Thus, 
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• Table 13 
MEAN SCORES ON AFFECT ADJECTIVE CHECKLIST INDICES 

TIME 
BL 1 2 

H .89 1. 15 l.44 
HIGH 
ENERGY M .53 .87 .96 

C 1.0J .82 .42 
H 1 • l 1 . .84 .66 

LOW 
ENERGY M 1.29 1.03 l.15 

C 1 • 1 Z .20 .26 
H 1.42 1.29 1.36 

HAPPY 
M .99 .98 .96 

C 1.21 .68 .6z 
H .40 .67 .34 

UNHAPPY 
M .47 .'45 .48 

C .40 · .40 .2~ 
H .35 .47 .39 

I NTERPER· 
PERSONAL M .21 .54 .60 
HOSTILITY 

C .· .6l -~2 -~; H .45 .64 .4 
FREE-
FLOATING M. .89 • 71 .87 
ANXIETY 

C .44 .41 .48 
H • 76 .70 .65 

COGNITIVE 
DECREMENT M .97 .83 .81 

L .2J .4z .zo 
H .15 .62 .32 

· DEPRESS ION 
M .22 .14 .09 

C .23 .2J .2J 
H 1.70 1.42 l.37 

POSITIVE 
AFFECT M 1.23 l.03 .• 99 • C 1.86 1.27 .92 
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high levels of traffic ge~erate~ sound had the effect of decreasing subjects' 
·' 

energy levels, at least as1 measured by this kind of self-report. It must be 

noted again, however, that none of the subjects in any group felt extremely 
' energetic, as seen by the low mean ratings on this index. 

On the Positive Affec:t index, there was a stgnificant main effect 

for time (f. • 8.76, df • 2130, .e. < .01). A'S one mjght expect, subjects 
I 

reported decreasing levels':of positive affect as they spent more time in 

the experiment. Neither tt;le sound level nor the sound x time interaction 

effects we re stat is ti ca 11 y ',sf gn if i cant. 

Final Questfonnaire. ,- Each subject filled out a questionnaire just 

before the termination of the study. Besides the manipulation checks 

whose results are analyzed on page 42 , the questionnaire contatned items 

designed to measure the subject's estimation of the study and of its 

effects upon him. 

The three questions related to affective evaluation of the study were 

numbers 1, 2, and 8 (see Table 3). ihe results were very interesting: 

while there was no significant intergroup difference on item 1, liking 

the study (F == 1.17), or on •.item 2, time spent in room during the study - . . 

(f. < 1), the difference on ''Would you be willing to participate for 
I 

another 1,-eek under the same :conditionsll was highly significant (f. = 16.54, 

£. • .0002.). Tukey tests ind'icated that the H group was significantly less 

1 ikely to respond affirmativ~ly to this question than either the L (g_ = 7.53 • 

.e. < .005) or the M (,!l = 6.45, .e. < .005) groups, while the L-M difference was 

not significant {q - 1 .08). ,Thus, while subjects exposed to high sound 

levels did not admit to being less favorable toward the exper:ience nor to 

trying to avoid it by leaving the room, they were much less willing to 
i 

prolong l t. 
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Another part of this instrument 1 isted a number of psychologically 

relevant functfons or ac~ivitfes, and asked the ~ubject to rate whether 
I 

during the. course of the ;study he had experienced improvement,· impairment, 

orno change in each function as compared to normal levels (see Table 14). 

Analyzing responses on th.is tripartite basts, we found. that subjects in the 
! 

I . . 
H group reported more det~rioration as compared to improvement or no 

change than did M subjects, who ln turn reported much more than did the 
! 

C group. The last reported primarily 11no change" {see Table 14). The 
I 

row totals were subjected1to aX2 test and the overall effect was highly 

signif leant (x2 = 43.406~ ;.e_ < ,.8901 L 



Table 14 

FREQUENCIES Of RESPONSES ON QUESTION 7 OF THE FINAL QUESTlONNA I RE 

Social General 
RESPONSE Sleep Study Relations Mood Conversation Concentration. Judgment Alertness Nervousness 

C) + 3 0 0 0 0 0 0 1 5 z ::, 
0 0 0 2 1 1 1 2 1 . 0 9 Vl 

:I: - 3 5 4 5 5 5 4 4 5 40 

0 + 0· 0 0 0 0 0 0 O· z 
=> 
0 I 
Vl 0 2 0 4 4 t 1 4 3 3 22 °' \N 
0 I 
LLI - 4 6 1 2 5 5 2 3 3 31 

+ 0 0 1 0 0 0 0 0 
,_J 
0 0 5 5 4 4 4 4 4 5 4 42 ex: 
I-:z 
0 1 l l 2 2 2 2 l 11 u 
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DISCUSSION 

lnterpretatlon of Results 

This section Is divided into two parts: ex,trapolation from previous 

studies, aMd discussion of present results. The first is included because 

all of the possibl~ effects of the sound levels used were not test~d in the 

present study. The second• of tourse, is a disccission of those aspects 

which were tested in the present study. 

Extrapolations from Previous Studies. -- A number of effects of 

high levels of sound on various human systems, which were discussed in the 

Introduction, were not directly tested in the present study. Amon 9 these 

are threshold shifts, most. physiological effects, effects on vigilance and 

other perceptual-motor tasks, speech masking, and effects on sleep. While 

these effects were reviewed in general in the Introduction, it is necessary 

to determine just what might be the actual effects of the highway-generated 

noise projected to accompany the extension of Route 18 through New Brunswick 

and Piscataway. 

The highway-generated sound used in the present study was actually 

recorded from the present Route 18 freeway. S Ince both trucks and cars use 

this road, there is a fairly broadband spectrum of sound present in fairly 

high levels (80-90 dB(A) at the roadbed). During the course of the study, 

various frequencies (especially the low frequencies} were attenuated due 

to 1 imttations of the speaker systems used in the various tests. The 

comments in this section will apply to the actually anticipated spectral 

composition of the sound, rather than to the somewhat distorted sound used 

in the tests. However, level measurements of the simulated sound will be 

used, since indoor measure~ents were made with this sound. In general, an 

average sound pressure level of 65-70 dB(A) will be considered typical for 
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daytime highway act"ivity. This }evel was measured in classrooms and 

lounges with the windows open. An average level of 55-60 dB(A) will be 

considered typical for nighttime activity. It must be noted that these 

are averages; deviations of.:!: 7 dB(A) from these levels are to be expected. 

In addition, the nighttime sound is considerably less constant than the 

daytime rush-hour sound. The sound levels used here span the range of sound 

levels which highway engineers extrapolated to occur from 1975-1995 if the 

extension of Route 18 is b·ui1t as planned. Of course,much higher levels are 

to be expected near the road, and outdoors; ithe present comments will be 

limited to the effects of the levels to be expected in interior spaces with 

the windows open. 

Kryter (1970) presents several excel lent summaries of many studies 

concerned with the various effects of noise. In addition, he constructs 

from these summaries standards based on principles that can be considered to 

be established by scientific research. For these reasons, much of the 

present extrapolation wit 1 be from the standards recormiended by Kryter (1970) 

consistent with the review of. findings presented in the introduction to the 

present paper. 

Two summaries by Kryter (1970) are of primary importance to the 

present study. They are the setting of "maximum tolerable 1 imits" for 

broadband sound level in various locations (homes, schools, businesses, etc.) 

which take into account the various effects of sound on human behavior and 

physiological systems, and the projection of actions taken by people in 

response to noise of various levels from documented legal and civil actions 

already completed or in progress. With respect to the first, the 1 imits of 

interest here are those for schoolrOorrt! iand for homes. The first is 
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set by Kryter at 42 dB(A), the second at 47 dB(A). These are b~sed on 
i 

such principles as the threshold for. interference with speech, which is at 

about 27 dB{A), and the effects of sound on physiological alfousaL The 

levels extrapolated for ah uncovered extension of Route 18 --65-70 dB{A) 

during the daytime and 55~60 dB{A) during nighttime -- are clearly far in 

excess of these maximum tolerable limits. Also, Kryter reconmends that 

these levels be reduced by 10 dB{A) at night, so that the projected Route 

18 nighttime sound levels do not come any closer to these limits by 

virtue of averaging 10 dB(A) less. The most significant effects of these 
i 

levels of sound are on speech masking, an intolerable effect in the 

classroom where speech communication is essential to the learning process, 

and on the activities of the home which include steep as a major component. 

As discussed above, i:,eithet of these effects shows much, if any, adaptation 

in the studies conducted tb date. 

As demonstrated in our present study and in numerous other studies 

reviewed by Kryter (1970) ,: these sound levels are perceived as extremely 

noisy and annoying. In fa~t, according to the extrapolations provided 

by Kryter 1s Figure 238 {1970, p. 444), these levels of noi~re could be 

expected to cause group appeals for cessation of the noise and possibly 

even legal action. Of cou~se, most of the data for this projection come 

from the problems connected with the building of airports, but t.here is 
I 

a considerable similarity qf a major h§jhway to an airport approach in the 
I 

type of sound found there, if not in the intensity of sound (airports 

routinely generate sound in exce.ss of 100 dB(A) even for people several 

miles from the airport proper, due to flyover of planes at low altitudes). 
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Since most.physiological effects of the levels of sound generated 
. . . j . 

by highways show some adaptation, the.re probably_would not be too much 

negative physiological effect of the p~oposed Route 18 extension sounds. 

There may be an increase iJ1 ar6usal ~ecause 6f the intermittent nafore of 

the sounds, but even this ~hould eventually adapt out. At present, the 

long-term effects of· c_oritinuous high-level arousal are not known. 

Another area where no drastic changes would probably be seen would be 

on vigilance and perceptual-motor tasks, sJncethese are little affected 

by continuous high-level s_ound. Ariy negative effects of distraction seem 
. ' . 

to be cancelled by the increased arousal caused by these. sounds. Also~ 

since the highway-generated sound would obviously be irrelevant to the 

learning taking place in the classroom, at least fn the ditect sense, there 

should be little effect of the.sound on learning (other than thatcaused by 
. . . ' . . . 

increased speech masking or the other undes frable effects discuss_ed above 

and _in the next s~ction). 

A final area of concern is the posslbil ity of per~-nent hearing loss 

caused by the sound generated by an open highway •. The average levels 
. . . 

generated by the highway for the people very near the road ar~ clearly in 

excess of the threshold for permanen~ loss, which is set at _66 dB(A). If 

persons were exposed _to _the high level ,,ounds (80-90) dB(A)) daily for a --~- . . ' 

period of 20 years or so, extensive toss beyond presbyeusis cotild be 
, . 

expected. This is undoubtedly happening to-c:onmuters. 

The lower sound lev.ets observed in the classroom and iounges in the 
. . 

Fret inghuysen tests could not be expected to cause this kind of permanent 

- loss, but it is cbbserved that these levels are near or above the threshold 
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for permanent loss. Kryter (1970) projects that some to dB(A) of loss at 
, . . . . . . . . . 

fre_quer,cies above 2000 Hz. could be expected In a large percentage of the 

population exposed to these Jevels for a considerable length of time. Being 

relatlvely transient, students probably would not meet the length of time 

criterion for exposure; but other residents of the area certainly would 

be in some danger. In addltion, thresholds are statistical criteria, and 

there is ah-Jays some slippage. The posslbflity ·that even a few people had 

extensive loss above 2000 Hz (which is presently permissible according to 

Federal :guideline). should be taken into consideration when decis_ions about 

the construction of noise-producfng structures are bE;ing made. 
. . . 

Dis cuss ion of Current Results. -- Before looking at what our data 

indicate, we need te'.! point out that the manfpulation worked wel 1 · in every 

case. That is, in every component of the study subjects who were in the . ·. . ··, . . . : 

inducecf-sound CQhdition perc:eiyed that their environment was high in 

ambient sound •. These manip~lation cht:!cks, too frequently omi.t~ed in 

psychological research,. are a necessary -basis for the interpretation ·of the 

other data. 

Another interesting point is the necessity for baseline or c:ontrol 

data. It is obv f ous in the ft e ld expe r i men_t, f9r example, that the M group . 
. . 

was different from the other two even before any manipulation took place. 

They had betterbasel ine scores on both cognitive tasks, achieved almost 

. immediate cooperative lock-in in the Prisoner's DflemlT'ia Game, etc. 
. . .· .. . ; . .. 

Such differences R'iay very well have been ascribed to the manipulation had 

there been data collection only under_ experimental conditions. As it is, 

- ·. they are apparently due to. pre-existing differences in personality, intelligence, 

motivation, and/or some other unmeasured but obviously important organismic 

varia_b le •. 
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The ma_jor innovative step in this study was the inclusion of measures 
. . . . . : . 

of social. inter~ct:iOn, and'. the data fully supported the importance of 
i 

. such measures. Induced so~rid s ignif r cantt"y affected performance In group 
: . .! -- . . . 

discussion, with the H gro1~p spending rnore time in discussion, making 

more star:ements per unit of time, expt'essing dlsagreement .rather thap 
. ' . 

agreement, showing tensio~ 1and asking other people for opinions more 

often, and resorting to ir~e,evant dra~tization more. 1,, the Prisoner's 
. l 

. Di lemma game, H sub Jee.ts w~re more forgiving of their opponents I breach of 

cooperative· precedents. · in[ the d8ss~obrn, hfgh sound levels_ led to less 

to classroom pr-oceedings, with · class room pa·i-ticipat ion 
1··_ .. : 

and, less attf!rytiori 
(· ·--

•, . . . 

trends away fromdiscussion:and.toward lecturing, and toward less askfng·for 

optnions. 

·What.do these differen1=es imply? There seems .to have been heightened_ 
: •' .· ... · . 

. ·. : 'i . . . . . : . . 
negative affect in the sound condf t tons,. leadfng to s ignl f fcant detetiorat ion 

·. .··· .· : .... . :.· ·'-11 . J · __ ·. : ! • ·•. • . ·, .· ,. . -:· • • • • 

. . '" . . . . . 
of the relatively unstructu~ed and long•l a_stfog. perforrnanc;es which lnvol ve. 

group behavior. The Jncreased time spent in discuss fon, and lnc.reased 
. . . . . . . . . . ! . . . . . . . . . 

~pee:ch rate rnay be. due to t;~e d.iffi cul ty of tr-ansmf tt 'ng i nf,ormatlOn 
' 

. clearly 10,ver the spe.ech mas~tng noise c>f the exper.Jmental s<>ua,d; note that 

in cla_ss, wher~ cliscussion i1s desirable ( and was used wheri the room was . I: ·-·: . .• ·., .. ,. . . ·. ..·· . -

· · 11orma1 in ambient sbund), th~ optic;>n of turning to lecture was taken when .... 

as ·the raters ar:id questionna:i res indicated -- . student: and lristructor conmen ts 

became Jess a'udible. This w~s difficult to do In the group discus•sion task, 

whose expl ic;it ··goal was. parti:cipation and· development of a group .consensus • 
. . ; _; . . . . ..· ·. . . . '.: . . . . . : 

. . . . . . .. . l 

With this increase in difficulty, subjects began to express displeasure 

and to withdraw concentration from the task at hand.·. Disagreements, tension, 
I < •,~. •• • 

· uncerta inW (as ~hown by askfng for opln ions) and wt thdrawal f nt:o . 
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dramatization characterized behavior tn the discussion situation, while in 
i 

the classroom there was less attention to the class, less seriousness, and 

less efficient note-taking~ rhere was also significantly less student 
' 

enjoyment of class, with a 1 corresponding unw111ingness for tf,:students to 
i 

prolong their participatiori in the study. While we cannot identify the 

reason for the increased fdrgivingness of H subjects in the Prisoner's 

Dilemma, we can speculate that at least a possible factor was the perception 

of unpleasant experiences sµffered together. While prolonged participation 

of the study in itse 1f 1 ed to reduced AACL positive affect, negative emotional 

consequences were obviously:caused by the experimental sound. 

Other significant negative effects were iddicated on the final field 

experiment questionnaire. When subjects rated how their experimental 

m11ieu had affected their sleep, studying, social relations, general 
I 

mood, conversation, concentration, Judgment, alertness, and nervousness, the i •. . ' .. · . 

H group reported significantly more adverse changes than did the M group, 

which itself reported more ihan the controls. The H group, unlike the 

other two, also experienced.ia progressive decrease In energy level over· 

the course of the study. 
:· 
I 

Emotional reactions to !the sound ftse1f were uniformly, strongly, and 
\ . 

sometimes violently negativej. Subjects reported that they and their 

fellow students were bothered by it both in class and in the dormitory, and 

that it led to less enJoymen~ of class and to less desire to participate in 

the Stl!dy. Spontaneous comments and both threatened. and actual vandal ization 

supported these data. Group'action against such sound levels, either of the 

- sort discussed by Kryter {1970) and ih the previous section, or more direct 

ones cannot be ruled out if the c:ictual environment imposes this magnitude 
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of noise on the student populatlon. 

On the more traditional measures the effects were much less dramatic. 

Brief tests of c:ognitive performance and other indices related to arousal, 

showed no reliable effects bf induced sound. Contrary to some theoretical 
i 

predictions, sound did not raise general arousal level, either as measured 

by f?eart rate or as inferra~le from lmprovemehtS on simple cognitive tasks 

and decrements on complex o~es. (Hull, 1955; Spence, 1956). The only 

exception was th,a higher rate of output in group discussion among H cJnd 

M subjects. 

These findings relate in interesting ways to other reports of environmental 

effects on arousal. For example, both freedman et al. (1971) and Epstein (1972) 

failed to find predicted a rd,usa l effects of crowd Ing; Zajonc (1965) and 

others have found that under some, but not all, conditions the presence of 

conspecifics has arousal consequences, and there is a considerable body of 
i 

evide:nce that a low-stimulation environment has the same effects (Suedfeld, 1969). 
I 

this seems to meani is that the activating impact of environmental 
i • 

parameters is not a very rel~able phenomenon. Presumably, the intensity of 
I 

the variable levels employed interacts with both the task and with 

personality variables to determine the outcome: as lohg as the chosen 

, level of the parameter is not overwhelming, a significant number of 
. I 

subjects may be able to concentrate on some tasks sufficiently to screen 

out its effects. I - . 
It shoul.d b~ noted that group results mask individual 

differences; a subject-by-subject examination of the data might identify 

students who in fact were highly aroused by the experimental manipulation, 

and for whom even the medium ~ou.nd level may be psychologically harmful. 



Also, if the cognitive tasks used l"lad been. longer in d1.fration, so that 
. .. . ' 

intense concentration could not be maintained and fatigue or boredom 
. . .. 

began to set in (as is the ,case in many real school-connected assignments),·_ 
. ] 

a more obvious effect on iritel~ectual performance might have been found. 

It .is relevant here that the classroom observer and student questionnaire 
I 
I 

i . . . 
responses ind I cated such reisul ts as 1 essened at tent ion in class, reduced 

' i . . . 
note-taking, etc., supportflng this hypothesis, and that in group 

discussion Hand M subjects: gave more irrelevant statements (dramatization$). 

'1t is clear that more !research needs to be done in this area, utilizing 

considerably more time both'. in plan.nlng and. in execution~ The ihclus ton 

of personality measures and: of a greater variety -of physiological . 

. dependent variables, the us~. or more types of cognitive tests, the 

extension of experimental s~sstons to several weeks, andlespec:laitiv the 
.. . ,• . 

collectfOn of d~ta from more representative samples of impacted populations, 

would a11.helpto testmore!definittveiythe results of this research. What 

d~s seem sufficiently clear from our data is that incri:!ased sound levels from 

highway traffic do have some significant and reliable adverse affects on the 

daily 1 ives of people 1 iving and working nearby, and that planners and 

deds ion-:-makers involved in ·projects which would increase such sound levels 

would do well to predict and minimize.these effects along their particular 

routes. 

Recommendations.· In view of the various undesirable effects of 

highway-:-generated sound disqussed in this rep.ort, the following recormiendations 

a re ten de red : 
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! . 

1 • 
. i . 

That alternative :routes for the extension of State Highway 18 
•• I ' 

be given serious ;cons Jderation to determine which wi 11 afflict 
. . . . . . 

. . 

the fewest people: with sound levels outside their maximum -

tolerance leve.ls,i or will route traffic past t_he best sound-

:resistant environtnents. 

2. That every effort be made to ml n i ml ze the undes i rab 1 e sound 1 eve 1 s 

(as well as other 1factors)_assocJated wfth the extension. Decks 

built over the highway supposedly reduce sound levels by as 

much as 20 dB(A)., For people Indoors this would -- result in 

levels only slightly over the maximum tolerable limits suggested 

by Kryter (1970), !as opposed to levels grossly over these limits. -. I - - - --- - -
3. That both Universlity and non-University groups in the vicinity 

-of the proposed hi;ghway route be fully informe~ of the 

predictable effect;s _of the extension, of the necessity for taking 

the steps which might have adverse effects, and of the attempts 
; 

being made to minimize such _effects, and that members of such ·- .-- ' -- I -- . -
I 

groups be invited ~nd urged to make inputs into the .c:lecisions 
. . .· ' .'. ·,.: : . ,· •.' .. 

-to be made beginnihg as ·early dur.iing planning as possible. Such 

a procedure may id~ntify problems not covered by the present 

study~ suggest newiand improved solutions, and reduce the level 
• • • • I • • • 

of hostility toward what may appear tobe arbitrary decisions 
. [ . . . . .· . . . 

imposed by external! authorities on uninformed and unconsulted 

victims. 

· 4. · That future envirorimental Impact studies include, as an integral 

component, studies of the effects of the: proposfid environmental 
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changes on human behavior, and that this component be planned, 

financed, and deslgned as thotioughly as those dealing with 

traffic, ecological, economic, and other effects. 
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SUMMARY 

Studies were made of some psychological and behavioral effects of the 

proposed extension of a major, highway near the Rutgers University Campus, 

using the expected increased levels of ambient traffic sound as the major 

independent variable. On self-reports, observatfon of classroom behavior, 

and in data collected during f five-day dormitory field experiment, increased 

ambient sound produced a set bf reliable, generally ad~erse, effects. These 

were particularly evident in situations involving social interaction for 

group problem-solving, in the ~lass room teaching-learning process, and in 

the expression of strong negative affect by students subjected to the 

induced sound. No reliable changes were found in pulse rate nor on 
I 

individual cognitive performariice in brief tests. In addition, a brief review· 
i 

was made of other published studies in this area, and effects of high sound 

levels such as speech masking• permanent hearing loss, and distraction and 

arousal were discussed In the light of the sound levels expected from the 

propqsed extension of Rt. 18., 

Extension of the highway :as proposed can be predicted both to have 

·undesirable effects on the ca~pus mf1 ieu and to evoke strong protests from 

students upon whom the increased noise impinges. Plans should be formulated 

with the goal 'of minimizing tHe impact of the highway on the surrounding 

population, and attempts shoul;d be made to inform impacted groups of the 

expected results, attempts at amelioration, etc. 
i 

The study demonstrates the need for careful, long-duration, multi-

variable psychological research as a part of environmental impact predictions 

of major construction projects. 
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CLASSROOM. PEH~VlOR RATJtlf; F'ORt1 

Rater. ----+------------------------
Class Title -"!----------------
Room 

__ .....,..__. _________________ _ 
Build f n~ ---· ... 11 _________________ _ 

Date 1 •· ----· '----------------
Nol'l'lfna1 Startln9 Tfme ____________ _ 

Atter,dance -------------------
Time Class C~l lerl to Order -----------

• 



• 
CLP.SSR00,1 BEHAVIOR RATINC. FORt1 

SEGMENT ------
1. Participation occurrences 

D 

s--..... --.... -~-~--41---+--..... --1--.... --... ---

2. lnterc'lction cate~ory checklist: 

.Agrees·----------•----- "-------------~---~ 
0 • t ·• ::.-· ... -_ ·•. I • ,sagrees -------·--:-··- '•---------·--·----------

Give~ inform~tion -----

Asks for information -- [ ....... · ___ .,.....,_,,,_ _________ -::6J · 
- I ,. -

Shows Tension--------- r_:_· _______________ _., 

Gives opinion--------- -.. I _______________ __. 
Asks for opinion------- f ________________ _,f 

Dramatizes ---------·-- t , I 



• Ji Minute Summarles 

1) Level of private conversations 

l I I I I I I I 
Low 1 2 3 11 s· f 7 High 

2) Level of note takin9 

l I I I I _ __j I I 
Low 2 3 t,: ·~ (- 7 .High 

3) Attention to c!;,.~:-; .. t-- ~:~,,....--:::c,:~ t n~s 

I I I I I I I I 
Lt:M· 1· i- 3. I! r 6- 7 Hi!lh 

Ii) Nature of cias; 

I I I I I I I I 
Lectllre 1 2 . 3·· -r,---- 5 

. 6 7 Discussion 

:-) Audibility of teclcher' s contributions 

I I I I I I I I 
Low--1- ?. 3 1, 5 6 7 H i!]h 

,; ) Audibility of student's contributions '-._ 

I I I I I. I I I 
Low 1 2 3 I, 5 6 7 Migh 

7) Adequacy of classroom 1 i9htf n~ 

I I I I I I I I 
Low 1 ?. l, 5 6 7 Hi~h 

f) General level of noise in classroom (all sources) 

I I I I I I I I 
Low l 2 3 ,~ 5 6 7 Hi~h 

~) Level of student enjoyment of ClilSS 

I I I I I I :I I 
Lo;;--T- 2 3 11 5 6 7 High 

10) r.eneral affective tone of class . i I I I I I I I 
Serious 1 2 3 11 5 6 7 Frivolous 



CLASSR00t~ BEHAVIOR RATH!r. FORM 

• 
L P~rticipation occurrenc~s 

Cl 
' 

I 

I --, .. 

2. Interaction cate~ory checklist: 

-.Agrees .. ··-•----------•---------------------
D • t I . :. :-.:: :·· . I . 1sagrees ------------- ._-______________ ..;... _______ _ 

Gives information--·--

Asks for information -- I'"'·_. ---..... -----~-~---7J 
Shows Tens ton ____ .,,;. ___ [ f 

________________ _. 

Gives opinion ---------1.., _______________ _,I 
Asks for opinion------ f._ ________________ ,_.f. 

Drcimat i zes ------------ t . Ai 



• 15 Minute Summc1rles 

1) Level of private conversations 

I I I I I I I I 
Low 1 2 3 iJ 5· . f 7 Hi!'h 

2) L~vel of note·tiakin9 

/· I I I I I I I 
LowT- 2 I: -- 7 High 3 !~ 

3) Attention to c~!n-~j '. !"'~;.r·.·..:":<::i:! t n~ s 

I I / I I I I 
Lt:M 1 -2 . 3 . l• -~- 6 7 Hi!'h 

4) Nature of 
I 

ciass 

I I I I I I I I -y--r- ___ j ___ ----- 6 7 Discussion Lecture 1. lJ 5 

~) Audibility of te;:icher 1 s contribytions 
! 

I I I ' I I I l I I 

Lowl ?. 3 1! 5 g 7 .Hi!]h 

~) Audibility of student's contributions 

l I !1 I / I I I 
low 1 2 3 ,. 5 6 7 J-ligh 

7) Adequacy of ela1ssroom 1 i ~htl n!f 
I 

I .. I . / I I I I I 
low 1 2 3 1, 5 ' 6 7 tH~h 

l 
1.') Gel"leral level of noise in classroom (all sources) 

I I I l I I I I 
Low 1 2 3 1, 5 6 7 High 

9) Level of · s tuden.t · enjoyment of class 

I 1· I I I I I I 
Low°T- 2 3 Ji 5 6 7 Hi~h 

10) (;eneral affective tone of class - I I .I I I I I I 
Serious J 2 3 1,. 5 6 7 Frivolous 



CLASSROOt~ BEliAV IOR RATJNr. FORM ---.....-.•··-· .. -•· -----· -~----..-• SEGMENT --·--
1. Pa,r t I c i ria t ion occurrences 

D 
' 

......... - ......... -~--·-r.t--... --............ _ ........ _...,. __ ,.. 

2. lnter~ct:l~n .cate~ory che~kl ist: 

G Ives ·i nform,at ion .. --~- 1 .... _______ ._:ir:_,: ______ ._ .. _ •• _:I 
.... 

· :Asks for. infor~atron -,~ .r ... _·:-· .......... ______ .....,_~---~-=-1 
. ',> ... 

Shows :T~nsion•----~•-.;. '-~-------------------' 

CH v¢s <>Pi nicm __ !"' ______ ,_: _. ____________________ _.. 

Asks for opinion--"'.··- , __________________ _,_·, 

• ·.• . 
Dramatizes---~.;. ... ;. •••• { 



• 15 Minute Summc1r ies 

l) Level of private conversations 

I I / I I I I I 
Low 2 3 1, s· t 7 Hi~h 

2) Level of note takin9 

I I I l I I I I 
Low 1 2 3 7-· '~ F 7 High 

3) J\.ttcntion to C ;",.~:; '. ;~ !"";:-:.(·.,:~cs:: t.ngs 

I I . I I I I I I 

Lrn•J . J . . 2 3. '' r 6 7 Hi~h 

Ii) Nature of ciass 

I I I I I I I I 
Lecture 1 --y-·- --3-·- -r;- --~. 6 7 Discussion 

;) Audibility of te;;1cher 1 s contributions 

I . I I I l l I I Low--, - 2 3 1, 5 6 7 Hi!!h 

n .Aud i b i 1 i ty of student's contrihutions 

I I I I I I I I 
Low 1 2 J I• 5 6 7 High 

7) Adequacy of classroom lightili!J 

I I I I I I I I 
low 1 ?. J. 5 6 7 Hinh 

r) General level of noise in classroom (all sources) 

I I I I I I I I 
low 2 3 1, 5 6 7 High 

!:I) Level of student enjoyment of cfass 

I I I I I I I I 
Lo;,r- 2 3 l: 5 6 7 Hi!'.fh 

10) r,eneral affective tone of class 

- I I I I I I I I 
Serious 2 3 Ii r:: . 6 7 Frivolous 
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CLASSROOt~ BEHAVIOR RATtNr. FORt1 
. . •··-· - •· -· -----~-----

SEf;MENT __ ,. ___ __ 

L Participation occurrences 

D 

11--..... --..... -~ ___ ,,,__..., __ ,.__--e __ ...,. __ ,._ ___ 

2. lnt-ractlon cate~6ry checklist: 

Agrees ____________ i_,.. ___ I 
i -----------------

J 
. . ! • f,,,,,.' ___ ......,_:_...., _____ ,......_ : Disagrees ------··:---.;. .. ·•-·-· ____ . _:: ... _. _______ _ I 

Gives information .......... 
I 

. .. , . 
I 

Asks for i nformat i:on --[.,. _. __ :_:· ___ ,,__,... _______ _ 1 , 

Shows Tens ion ----""---- [ ---------------- I 
Gives opinion ........ ~----- I __________________ _ I 

• Asks for opinion------ f._ __________________ _ I 
Dramatizes _______ .;;, ____ f~------------------. I 



• \ 
15 Minute Surnmnrles -·------·-

1) Level of private conversations 

I I l_.,._1 __ 1 __ 1 __ 1_--'I 
Low 1 2 3 11 5· i Hi !ih 

2) Level of note takinq 
' . . 

I I ___ / I I l_____, __ I ___ I 
Lo-w--- 2 ---3 - ____,l,_: - -~ f 7 High 

I I I I I I I 
l01.-: l . 2 . . 3 l1 . ~- 6 7 Hi~h 

~) Nature cf ciass 

· I I I I I I I I 
Lectur-e---r··--·-j·-··--z;-- --~..,,..·-- -6- --,-- Discussion 

5) Audibility of tedcher 1 s contributions 

I I __ I 1 __ 1~_1 __ 1 __ 1 
low-1 2 3 1, 5 6 7 Hi!th 

~) Audibl 1 ity of student's contrihutions 

I l__._l __ l ____ l ____ l___,._I ____ I 
Low 1 2 3 1, 5 6 7 Mi g h 

7) Adequacy of classroom 1 ightin!J 

, ___ 1 _____ , __ ,___,-,__1 ___ 1 ___ ,_. __ ! 
low . 1 2 :\ L, 5 i 7 Hi !"h 

r) General level of noise in classroom (all sources) 

I I ' ! ___ I I _______ I ___ I I 
L~-- 2 3 h 5 6 7 High 

9) Level of student enjoyment of class 

I I I I 1 __ 1 __ 1 I 
·Lo;;--T- -.2 ..... - -3-- - ...... z.-: - 5 6 -7-"'"' Hi9h 

10) ~eneral affective tone of class 

'-~'-~1 __ 1 __ 1 __ 1 __ 1 I 
.Serious· 1 2 3 ij 5 6 7 FrJvolous 



• CLASSROOt~ BEHAVIOR RATINt. FORM -, •· -· - .. -- -- ----------
SEOMEMT -----,---

I. Participation occurrences. 

D 
I 

I t 
' 

,.._., 

: 

· .. 

.. 

2. Interaction cate~~ry checkl 1st: 

I 

Agrees.·--.-----.---..:. ..... --- -----------------
. . i 

Disagrees -----------·"'.'- f.,..,.. ____ ;_:_: : __ 1 
....., _____ :_· _. ___ _. 

I I • 1 l;ives. information 1

----- 1.-------------------
Asks for information --[ ...... · __ .,..,.._.._ .. : .. · :,,.._. __ .,._ ____ :-1 

Shows Tens ion --------- I._ _________________ _. 

tivcs op.inion--------- .. I __________________ _, 
Asks for opinion-~----

Dramatizes------------ f ........ ____________ ..... ....., ____ ,..._,1 I 



JS Minute Summc1ries 

1) 
j 

level of private conversations 

I_.,,,_..../ ! ___ ! 1 __ 1 __ 1 ____ 1 
Low 1 2 3 11 5· F. 7 Hi~h 

2) Leve 1 of note tak in~ 

I I . : . / . / / . / / __ / 
Lo-,,,.,..........,,- -r- -7- -l:-· --;- -~--- 7 High 

3) Attcntfon to [c!:i~::; ;:;~:/·8~.-'.irqs 
I 

lt) Nature of cia,s; 

/ __ / / /_....._ / / __ /'"""""'='_/ 
Lecture 1 2 3 q 5 6 7 Discussion 

~) Audibility of te.:ichcr 's contributions 

I · I __ / ! ____ I I I __ I 
Lo;,--1- 2 3 I! 5 6 7 Hitih 

~)· Audibility ofi student's contrihutions 

. l I___,.._/ I l __ l ! _____ ! 
t.ow 1 2; 3 J, 5 6 7 High 

7) Adequacy of c:lassroom lightin~ 

I I I I I I I I 
Lo_w_l...- -?.*_,- ----,,~- __,,,...., - -s--- ---.6 .... - ____,,7,,,.._ ..... t-!i!Jh 

r) General lcveli of noise in clc1ssroom (all sources) 
I 

i 

I '~~' 1 __ 1 I I I Low---,,-_; 2i ---,,,3- 1' ---=5- 6 ---7- Hif!h 
! 
' 

") Level of student enjoyment of ch,ss 

l · I I I 1 __ 1 __ 1 _____ 1 
Lo;-,-- 2, 3 1: 5 6 7 Hi~h 

10) ~~nera1 affeciive tone of class 

I 1...........,,.--'I 1 _____ 1 __ 1 __ 1___,,,_I 
Serious .l 2 ·3 11 t: 6 7 Frivolou·s 
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APPFNDIX C 
i -

Date ----------
Class ---------

i 

NOISE POLLUTION · 
( 

·we would like you to compare ~oda.y's class session with the usual session 
of this course •. On each seal~, indicate your reacttons today with a ''T" 
and. your usual reaction with a. ''U". 

l) Efficiency of note-ta.king. 

2) . ' 

Attention to class proceedings. 
: 
! 

I / I /~ I 6 I I 
Low 1 2 3 5 7 High. 

3) Nature of class. 

\ /....,,__l_/_,I-.-: _I_·_,/ . .. ·.. .·I·.. 1 I 
Lecture 1 2 3.· ,4 5 --r-· Discussion 

4) . Audibility of teacher's contributions. 

I I_! /' 
Low -1,---- 2 -3- ,4 

I _ _.I ___ I __ I 
5 6 7 High 

5) Audibility of studen~ 's contributions. 

Low/ l / 2 / 3 /y 5 / 6 / 7 ~igh 
I . . . 

6) General level of nof~e in classroom (all sources) 

I /_l /_! _l l ·. I~/ 
Low. l 2 4 5 --;-· 7 High 

7) 
. . l 

Level of general stu(lentenjoyment of class. 

8) Level of your own en.1 oyment of class 

I 
Low· 1. 

9) General affective torie of class. 

I __ !......,·.· ,..._l_,,.......l .• 1_1 ___ 1_1 I 

Serious. 1 · · . 2 3 · ,4 5 6 7 · Frivolous· 

>10) Do you have any other comments? 



• 

'tifv's?rj;•rii ous ndj. · 1nvolvc<l in or implying mystery; uncx:" 
plaiu,.d: o!,;, 11rc. - ·LY ndt1. ·-•N!,SS noun.•· . 

S,11,,1;n"s: ;;l,<;1rm,·, cabalistic, cla:k,. eni~matir, hidden, 
hHc1111prr·IH·n<::i!ik, irwxplicahk, iu:~rrut:'1h!e. rnystir, r11ysti-
ral,. 0JJ.r 111e, l.HfllI't, r<To1Hli!t·, S('(TC[. tr:1nsu.:11dcnt;1l, 11n-
Lt!!Hi!11,d,k. i1nl.dl1nnwd. 1tnLnown. 'fli;il i" 1rrn-trr:u1t:-. in 
tl1c t11n• '.;,-11-,(_' ,rl1Hh is· hl'Yo11d l1um;1n <c,m11rl·l1(·n..;icn;: 
tli;it i½-11:·,-,)ic ur 111r 1 tir-11! .wl1id1 l!:1i; a,,oc. i:1tcd wirh it ~t'ime 
liidrinl ,11 rrcrn,,!i/1: 111<·:1nin~. ,·~1wri:i!ly of a n·Ji.1:inos_l.i11d. 
Tli:,t Ls d1r/; wli" 11 1,,. c;<111J<Jt pn.-,<)li:illy sec tl1rot1;;h,.<'l!C• 
cialfy if s:idl, rw, plc,in~: :is, a dnrh p1osp<"Ct. Thar,is si:cr<'l 
which is i111CH1 ion;,]!)' !,id dell, Sec DARli., SECRET. A 11l<JJ.IYl1is: 

_:"._~.'.~:S}'JlOrJU_li"i fo[' 1·Jiy)-g - ·~ 
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kPPENDU E 

The star1dardizcd educational or i psychological always incomplete and that the predictions are 
tests that arc widely used to aid in selecting, clas-• always subject to error; 
sifyi~g, assigning, · or promoting ~tudcnts, em- Standardized tests should be· considered in tl1is 
ployees, and military P:rsonncl Mvc l~ccn the,....-context. They provide a quick, objective method 
tar~ct. of recent· attack~ in books, m,agazmcs, tl~e of getting some kinds of information· about what 
daily. press, ?nd. even. in Congress, : fl~c. targ~t is a person has learned, the skills he has developed, 
wron~, for 1 m attacking the. tests'. i c~1t17s divert or the kind of person he is. The infomrntion so 
attc~t1on from the fault that lies with ill-informed obtained has, qualitatively, the same advantages 
or incompetent ~sers. The t:st_s themselves are and shortcomings as other kinds of information. 
merely tools, with characteristics i that can be Whether to use tests other kinds of information 
meas~:cd with reasonable prccision.~ndcr specified or both in a particula~ situation depends, therefore: 
~nd1:1ons. Wheth~r the _rcsult_s win be valuable, . upon the empirical evidence concerning compar-
meanmglcss, . o_r e~cn . misleading depends partly · · ative validity, and upon such factors as cost and 
upon the tool 1tsc!t but largely upon the user. availability. · · 

., All informed predictions of future performance 
are based upon some knowledge ofi relevant p,ast 
performance: school grades, research productivity. 
sales records, batting averages, or wratevcr is ap:-
propriate. How well the predictions will be val~ 
id.ited by later performance depends upon the 
amount, reliability, and appropriateness of the in-· 
foi;mation used a11d on the skill and :wisdom with 
which it is interpreted. Anyone who keeps careful 
score· knows that the information: available .is 
$13" 

' , 

• 

In general, the tests work most effectively when 
the traits or qualities to be measured can be most 
precisely defined (for example, ability to do well 

• in a parti~ular ~~me or training program) and 
least effectively when whai is to be measured or 
predicted cann<>t. be well defined (for exampk. 
personali~y 'or creativity}. Properly used. t:1.ey pro-
vide a rapid means of getting comparable infor-
mation about many people. Sometimes they 
identify stµdcnts whose high potential has not 

t 

' ' 



• 

• 

been previously rccogn:1..:d. !5ut 1hcr... .c many 
things they do not do. For ex:,mplc, they do not 
comp('nsatc for gross social incqual:1y; and thus 
do no~ tdl how able an underpl'ivi!eged youngster 
:.,ight have been had he grown up under morr. 
favorable circumstances. 

Professionals in the business and .the consci1·•~--
tious publishers know ,he limitations as well a:-. 
the values. They write thc,;e things into test man-
uals and in critiques of availab:!c tests. But they 
bnvc no jurisdicticn o,cr asers; an educational 
test can be administered l.Jy almost anyone, whether 
he J:';nows how to interpret it ori not. Nor can the. 
difficulty be controlicd by limiting saics to qualified 
users; some attempts to do soi have been coun-/ 
tered by restraint-of-trade suits. l , 

In the long run it may be pdssible to establish 
better controls or to require higher qualifications. 
But in the meantime, unhappilyi the demonstrated 
value of these· tests under · many circumstances 
has given them a popularity that has led to consid-
erable misuse. Also unhappily, justifiable criticism 
o[ the misuse now thrcate11s to hamper proper use. 
Business and government can probably look after 
themselves. But school guidance and selection 
programs are being attacked for using a valuable 
tool, because some of the users 1are unskilled. 

-by Wr.toon Dr.vie, Sc.D., Director of Scl~ncc Service 
(reprinted with permiealon I 

I. The essence of this article ori educational tests 
is: 
(A) These tests do not test adequately what 

. I 
they. set out to test. 

(B) Don't blame the test-blame the user. 
(C) When a student is nervous or ill, the test.,_ 

results arc inaccurate. 1 

(D) Publishers of tests arc without conscience. 
(E) Educators are gradually losing confidence 

in the value of the tests. 

2. Tests iike the College Emrnn~ Scholastic Ap-
•itude Test arc, it would seem to the author, 

\i. A) generally unreliable · 
· (B) generally reliable 
(C) meaningless 
(D) misleading 
(E) neither good nor bad. 

3. The · selection implies that, . more often, the 
valltC of an educational test :rests with 
(A) the interpretation of results 
(B) the test itself 
( C) the testee 
(D) emotional consideration~ 
(E) the directions. 

4. Whicl: statement is not true, according to tile" 
pas:.,ar,e, r.bout cduc,,tional tests? 
(A) Some students "shine" unexpectedly 
( B) Pm.liclions do not always hold true c, Personality tests often fail to measure the 

true personality 
( D) The supervisor of the test must be very 

well trained 
(E) Publishers cannot confine sales te> highly 

skilled administrators. 

5. The worthwhileness of a test requires, most of 
all, 

}.) 
, (B) 

(C) 
(D) 

(E) 

coo~~ration on the part of the person 
tested 
sufficient preparation on the part of the 
applicant 
clearcut directions 
one answer-arid ony one-for each 
question 
specificity regarding what is to be tested. 
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6'3. Re1axed 
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71. Peeved 
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JS.. EMrgt!ti C 

77. Blue 

81. Unhappy 

83., Cooperative 

BS. Happy 

87., Weary 

89. n:r-ed 
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61+., Shaky 

66. Rebel Hou~ 

68., F'udous 

76e Unworthy 

78~ Dh,c,outaged 

80 .. rt·i serabl~ 

82'~ Sorry for things QQM 

840 Good ... natut'ed 

86,. bh1u1ted 

8ft"o l f stJit• 

90 .. U..1111 to Conc•ntrat.e 
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·J~ !j,!J;l~;'lf~rru of the actlvfttes lfsted below wer:e~;e.f.ff.t.t.eq by the, r!OJ_'.se level tfur:lng_ 
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