
experimental tubes containing the enzyme solution. 
The vitamin C solhtion thus served as filter. The en- 
zyme solutions were exposed to ultraviolet rays from 
a quartz mercury vapor lamp (Hanovia, 220 v, d-c) 
passed through vitamin C and water solutions, and the 
activity was determined a t  known intervals of time 
(Table 1 ) .  

The results show that vitamin C solution serves as 
a filter, absorbing the rays destructive to the enzyme, 
thereby protecting the enzyme from inactivation by 
ultraviolet light. 
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Intermittent Loud Noise and 
Mental Performance1 

Kendon R. Smith 
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I n  1946 Berrien reviewed the literature dealing with 
the effects of intense sound upon human performance 
( I ) .  He noted a dearth of conclusive evidence. Fur-  
ther studies have been reported (2-4), but the data 
are to some extent still contradictory and incomplete. 

The concern of the present investigation was the 
effect of intermittent loud noise upon mental per-
formance. There appears to be some agreement that 
intermittent sound can be expected to be more dele-
terious than continuous sound; furthermore, the spe- 
cial case of intermittent noise is one often encountered 
in practice, and i t  seemed to merit specific consider- 
ation. Also, for practical reasons the experiment was 
designed to motivate participants (as do industrial 
and military situations) toward the rapid, accurate 
completion of each task assigned; attempts to achieve 
productivity in a hit-or-miss fashion were severely 
penalized. 

Fifty-two male and 1 7  female subjects were secured 
from among adult registrants in summer classes by 
announcements that emphasized the financially re-
warding character of the experiment. (It is of pos-
sible interest that almost all the subjects wereAmem- 
bers of the band or glee club.) 

The subjects reported to a large lecture auditorium 
a t  8: 45 P. M. The men were seated together in one 
section of the auditorium, the women in another. Per- 
sons occupying odd-numbered seats in odd-numbered 
rows, and persons occupying even-numbered seats in 
even-numbered rows, were then abstracted from the 

1 This investigation was carried on under Contract No. AF 
33 (0:;8)-756 ( P R :  63275, E.O. No. 695-63) between the U. 
S. Air Force and The Pennsylvania State College. The author 
wishes to express his appreciation to Ralph Simon and F. T. 
Dietz, of the Department of Physics, for their extensive as-
sistance in implementing the study; to J. F. Gillespie, H. A. 
Page, and H. B. Urban, of the Department of Psychology, for 
their aid in administering and proctoring the experimental 
tests; and to J. W. Dunlop, of the Department of Music Edu- 
cation, who was largely responsible for securing experimental 
subjects. 

group and escorted to a similar room in an adjoining 
building. The latter subjects (26 male, 8 female) con-
stituted the control group; those remaining in the 
auditorium (26 male, 9 female) constituted the experi- 
mental group. 

I n  the central portion of each room, appropriate 
numbers of alternate seats were provided with packets 
of test equipment, and the subjects were disposed in 
these seats. To each group was then read the same set 
of directions: The subjects addressed stamped enve-
lopes in 'which their "winnings would be mailed." 
They also signed "routine release forms" to protect 
the college against "irresponsible lawsuits." They were 
then led through the standard instructions for the 
Minnesota Clerical Test and for  the Revised Minne- 
sota Paper Form Board Test (Series AA),  the tests 
to be utilized in the e~pe r imen t .~  con-The subjects 
sulted their own test booklets for this purpose but 
did not open them to the tests proper. Time limits 
of 7 min for the number-checking section of the 
clerical test, 7 min for the name-decking section of 
the same test, and 14 min for the form board test were 
announced and emphasized. A scoring system placing 
a heavy premium on accuracy (number of items cor- 
rect minus twice the number incorrect or passed over) 
was imposed. And, finally, a first prize of $15.00, two 
second prizes of $10.00, three third prizes of $5.00, 
four prizes of $2.50, and general consolation prizes 
of $1.00 were established. 

Only after this identical indoctrination were the 
members of each group informed as to whether they 
were to work in silence or in sound. The control group 
was to "work in these ordinary surroundings, with 
no special noise being present." I n  the case of the 
experimental group i t  was announced that "The noise 
will come from the loudspeakers in this room. It will 
go off and on from time to time. It will be loud [brief 
sample of noise stimulus], but it is not dangerous. 
Try to do \the best you can in spite of the noise." 

The experiment then proceeded for both groups. 
The number-checking test was administered first, the 
-name-checking -test-md,-anddthe form board last. 
Between the end of one test and the beginning of the 
next only enough time was allowed to turn pages or 
to change booklets. The testing was thus completed 
.in 30 min; the subjects then reassembled and returned 
their test packets. The tests were corrected, and the 
prizes awarded by mail, within a few days. 

The two randomly selected groups were treated dif- 
ferentially in that the noise stimulus was administered 
to the experimental group only. The stimulus intensity 
was 100 22  db for each subject. The spectrum was 
substantially constant for all, being essentially flat 
between 100 cps and 3,000 cps, except for a rise of 
approximately 7 db in the region of 150 cps-300 cps 

"he Minnesota Clerical Test consists of two subtests ; one 
of these requires the subject to discriminate between pairs of 
identical numbers and pairs of slightly dissimilar numbers : 
the other requires a similar discrimination between pairs of 
names. The Minnesota Paper Form Board Test calls upon the 
subject to identify the result of assembling a given group of 
isolated plane figures. Both tests as used here were answered 
by marking directly upon the test booklets. 



and a rise of approximatelg 4 db in the region of 
2,500 cps; beginning a t  3,000 cps, the sound level 
began a terminal drop of about 12 db per o ~ t a v e . ~  
The noise: silence ratio for the experimental group 
was unity; that is, the total silent time was just equal 
to the total stimulus time. This ratio was maintained 
not only for the experimental period as a whole but 
for each successive minute during the period as well. 
Bursts of sound ranged in length between 10 sec and 
50 sec and were administered a t  irregular and un-
predictable intervals. 
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FIG.1. Comparison of mean scores on all tests ; fo r  experi- 
mental group ( n  = 35) and control group ( n  = 34). 

The principal data resulting from the experiment 
are summarized in Figs. 1and 2. Fig. 1compares the 
mean scores of the experimental group with those of 
the control group; it will be observed that each test 
was scored in the dimensions of (1)number of items 
attempted (including items passed over) ; (2) num- 
ber of items correct; (3) number of items incorrect 
(or passed over) ; and (4) percentage of attempted 
items correct. Fig. 2 presents comparatively the stand- 
ard deviations associated with each of the mean scores 
of Fig. 1. 

The differences in performance revealed by Fig. 1 
are quite consistent.-1n each test the experimental 
group attempted more items, got more items correct, 
and got more items incorrect; however, in the experi- 
mental group the percentage of accuracy was lower. 
Two of the differences achieved conventional levels of 

8The stimulus was produced by amplifying the  thermal 

noise of a continuously conducti<g"gas triode. The output 

from initial amplification was fed in parallel to  a Bogen 

EX-35 and to a Bogen E-14 ampliiler. The first amplifier 

drove in parallel two G-E S1201D speakers, directed from 

the two sides of the auditorium toward i ts  center ; the second 

amplifier drove a single Jensen A-12 PM speaker, mounted a t  

the front of the auditorium. Sound level measurements were 

made with a Scott 410A hand meter, on the "Flat" setting, 

and are  reported in db re 2 x  lo* dynes per cm2. Sound 

spectra were obtained through the use of a n  Altec-Lansing 

21B condenser microphone, a Hewlett-Packard 3008  wave 

analyzer, and an Esterline-Angus AW recording milliammeter. 


STANDARD DEVIATIONS 
NUMBER- CHECKING 

Y 
m 


NAME-CHECKING 

,,EMS ATTEMPTfD 

l l W l  CORRECT 

lTLMS HCORRECT ' --PCR CENT CORRECT w 	 l P < O l l  

FORM- BOARD 

ITCUL ATTEMPTED 

ITEMS CORRECT -i 
ITEMS lNCOlRECT -i 
PCR CENT CORRECT I 
COUUON SCALE I ' I ! I I ! I 

0 5 10 IS 20 25 30 35 

NThL GROUP ?2 CONTROL OROUP -1 

FIG.2. Comparison of standard deviations associated with 
mean scores ; for  experimental group (n = 35) and control 
group ( n  = 34). 

statistical significance, and the P-value for each of 
these differences is noted. One (form board, items at- 
tempted) was significant a t  the 0.03 level of confi-
dence, another (name-checking, percentage correct) 
a t  the 0.01 level. Evidently the extraneous noise tended 
to encourage productivity but to discourage accuracy. 
The question remains as to whether these tendencies 
were of practical as well as statistical significance. 

The variability differences, as portrayed in Fig. 2, 
were somewhat more substantial. With two exceptions, 
the experimental group showed in every case a stand- 
ard deviation smaller than that of the control group, 
and the differences were sometimes considerable. Sta- 
tistical analysis revealed, however, that it  was only the 
two reversals (name-checking, items incorrect and per- 
centage correct) that achieved statistical significance. 
The only reliable indication, then, is that the stimulus 
produced in one task an increment of variability in 
number of unacceptable responses and in over-'all 
accuracy. 

It has thus been found that the effect upon short- 
term mental performance of bursts of intense noise is 
to increase the quantity and decrease the quality of 
response, but that these effects are of such magnitude 
as to suggest that they are practically negligible.4 It 
may be that the allegedly malignant effects of extrane- 
ous noise are to be found primarily in terms of de- 
preciation in sustained performance, or of interfer-
ence with functions other than adequate output. 
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