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RESIDUAL PERFORMANCE EFFECTS OF SIMULATED SONIC BOOMS
iNTRODUCED DURING SLEEP

I. Introduction.

In June 1968, the Subcommittee on Human
Response, a part of the National Academy of
Sciences Committee on SST-Sonic Boom, issned
a Report on IHonan Response to the Sonie iJoom,
In that report, the Snbcommittee posed two
qnestions which, among others relating to sonic
booms, have not yet been “fully studied.” One
of these questions was: “Do repeated hnoms
canse changes in the depth of sleep as judged by
the electroencephalogram (LEG)?™ A second
question was: “Do repeated brief awakenings of
normal subjects canse behavioral changes, psy-
chological distress, or excessive fatigne?" The
present study was conducted as a part of a larger
experiment carried ont by the Civil Aeromedical
Institute to provide information bearing on these
two questions,

The cationale for stndying sleep oTects of
sonic booms derives frcm the foct that a signifi-
cant portion of the population sleeps at times
other than during the nighttime hours,  Thns,
the occurrence of sonic boons over popaliated
areas at almost any time dnring the day or night
might be expected to impinge upon sieeping in-
dividnals, During daylight honps. these people
might be, for example, night workers, hospinl
patients, or the elderly. The speciiic aspect of
the problem that is of concern to this repor: is
the possibility that, if there ave disturbing effects
of sonic hooms on sleep. the acenmmlation of suck:
effects over a mumber of days might result in
measnrable changes in behavior,  (Other aspects
of the larger stidy will be reported in later
OAM reports: Collins and Tampietro (1972),
and Smith and Hutto (1972).)

Previous research on the effects of sleep loss
snggests  that  complex  performance involving

Assistanee fo data colleclion by Blair Fenuell, Cynthia
Mitehell, Karen Lewis awl Ruthdun Parvin is grate-
fully acknowledged.
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time sharing may provide more sensitive indices
of performance deficiencies than are afforded by
simpler measures (Chiles, Alluisi. aud Adams.
1968).  In addition, the context in which this
stndy wus formmnlaied placed emphasis on the
generation of data and findings of potential
relevance to practical sitnetions.  This consid-
eration also points toward the advisability of
nsing complex performance in that such per-
formance is typical of the demands placed on the
worker by his job, The CAMI Multiple Task
Performance Battery (MTPRB) provides meas-
nres of such performence. In addition to the
fact that the system is largely antomated and
can be us:d to test up to five subjects simnl-
taneously, the MTPBR permits variations in the
difficulty of .ndividnal tasks over a fair range,
and, more importantly, the requirement for the
time-shared performance of different tasks ean
be ime osed,

The above-referenced research on sleep loss
also showed that differences in the levels of per-
formance of ever highly trained subjects can be
axpected as a finetion of time of day, with per-
formance in the evening being snperior to that
in the morning. Thus, it is possible that any
a~cmlative effects of the sleep disturbance
might be more readily revealed when perform-
wnee iz alveady at a lower point on the contin-
mim.  Therefore, measnrement periods in both
morning and cvenirg hours were deemed neces-
sary.  Althongh a  hird, mid-day session wonld
have been desiralile. the logistics of testing suh-
iects who hekd regular jobs militated against
such additional testing,

One cf the facets of the problem udentiied by
the Snbeommittee concerned the widely hell be-
liof that theve are important ditferences across
age-groups in the average quality of sleep: the
implication  was that middle and older age-
groups generaily experience more diffienlty leep-
ing and are more snsceptible 1o aronsal by
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disturbing auditory stimuli, Thns, age was
considered to be an important parameter of sneh
an investigation,

The pnrpose of the stndy, then. was to examine
complex performance as it might be aflected by
the introduction of sonic hooms during sleep.
Other factors constdered in the research desigm
concerned the time of day at which measures
were to be made, the age of the snbjects. and the
specific tasks and task combinations to he per-
formed.

II. Method.

A. Subjects. Twenty-fonr male snbjects were
tested in this stndy; they were paid for their
services, The snbjects were selected to provide
three different age-groups. The youngest age-
group consisted of eight subjects ranging from
21-26 years of age: their median edneation level
was two years of college. The middle age-gronp
contained eight subjects with an age range of
4045 years; their median edneation level was
three years of college. The oldest age-gronp
ranged from 60-72 years of age with a median
edneation level of 2.5 years of college.

B. Frpeiimental Tasks. The Mnltiple Task
Performance Battery nsed in this study hes been
deseribed in detail in an earlier report (Chiles,
Alluisi, and Adams, 1968) and, therefore, will
not be fully deseribed here. The apparatus pre-
sented two passive and two active tasks. The
passive tasks consisted of monitoring warning
lights and provability meters: the active tasks
consisted of mental arithmetic and pattern
discrimination,

There were two different aspects of the warn-
ing lights task. The subjects were to monitor
five normally illuminated gieeen lights whiel
were located one in each corner of the panel wnd
oite in the center. If any one of these lights
were to g ont, the subject was to pnsh » Imtton
directly below that light to turn it back on. A
red light, which was normally not illuminated,
was paired with each of the green lights, If one
of these lights were to conte on, the subject wis
to push the bntton directly below that light to
mru it off, 1 no response was made to a warn-
ing-light sigrmal, the Tight antomatically retnrued
to its normal state after 15 seconds, ‘The mean
inter-signat interval for the warning-lichts task
was 20 seconds.  Response time was measired
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separately for the red and green lights: for each
of these, the mean correct response time for each
of two 1i-minnte test intervals was treated
separately.

The second passive task involved monitoring
four meters iocated across the top of the panel.
The pointer of each meter flnctuated in a random
manner about the zero (12 o'clock) position. A
signal on this task cousisted of a shift of the
pointer of one of the meters from an average
position of zero to an average position of plns
or minus 25 (1 o'clock or 11 o’clock). The snb-
ject responded by pushing a lever switeh -
mediately belew the appropriate meter in the
direction of the deflection thereby returning the
pointer to its normal state. If no response was
made, the signal would remain until the next
sighal was introdneed. The mean intersignal
interval on the probability task was 30 seconds,
The performance measure was {he mean correct
response time for each 13-minute interval; in
ease no response was made to a given signal, the
response time was determined by the total lapsed
tite until a response was made to a subsequent
signal,

For the two youngest age-gronps. the mental
arithmetic task required the subject to solve
problems by adding two 2-digit mnubers and
subtracting a third 2-digit nnmber from the re-
siultant sum, e.g., 35-+28-49. The subject re-
corded his answer by actnation of a set of pnsh
Iuttons located above the panel: he then pushed
a lever switeh located to the right of the arith-
metic display to “set his answer into the ma-
chine,” ‘I'he problems were presented at a rate
of one every 20 seconds. The performance
measnres on this task were the mean response
time aund the meau percentage correct. For the
oldest age-gronp, the individnal problem ele-
ments were 1-digit vather than 2-digit nmubers,
e, S4+7—06. The reason for this change was
the apparent inability of one of the first two
subjeets trained in the oldest age-gronp to master
the 2-digit prablems.

The problems on the pattern diserimination
task involved the suecessive presentation of a
standard pattern for five seconds and two com-
parison patterns for two seconds eaeh.  These
patterns were presented on a 36-cell, square dis-
play in the lower left corner of the panel, Each
pattern eonsisted of six vertieal bars, ranging
in height from one to six squares. The subjeet
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had to determine if the first, second, or neither
comparison pattern was exactly the same as the
standard pattern. The subject responded to this
task by pushing one of three bnttcss marked
“1.7 42 and “N*™ (neither),

The task was complicated for the snbjects in
the youngest and the middle age-group by intro-
dunein,, random distortions of the comparison
images (see Chiles, Allnisi, and Adams, 1968,
p. 156). The distortion involved four randomly
selected “noise”™ cells; if a noise cell shonld have
been illiminated as pavt of a comparison pat-
tern, the light wonld fail to come ou and vice
versa, The oldest age-gronp was tested withont
the distortion: it was feaved that diffienlties
similar to those experienced with arithmetic
might be encountered on this task if it were
made too complex. Problems were preseuted at
the rate of one every 30 seconds. Peorformance
was measured in terms of the percentage of
correct responses.

C. Procedure. The subjects were trained and
tested in two-man teams. each member of a team
being from the same age-gronp. Fach team was
given a l-hour training session. nsually, the day
before their first actual test session. The first
30 minntes of training involvad familiarizing the
subjects with the vartous tasks and the appro-
priate responses. Each man was nrged to do his

best on all of the tasks. During the second 30
minutes of training, the snbjects experienced a
test scssion that was the same as those given
during the test proper. The first 15 minntes
consisted of monitoring and mental arithmetie
and the last 15 minntes cousisted of monjtoring
and pattern diserimination.  Thereafter, each
group was tested for 30 wminutes each morning
at approximately 0700 honrs and 30 miuntes each
evening at approximately 2000 hours for a 21-
day period. The data collected during the first
two days (four test sessions) were uot used in
the statistical analysis, This was considered a
leveling-off period for the subjects,

The subjects spent the first five nights (Phase
I) sleeping in the boom room and getting ad-
justed to the experimertal situation. For the
next 12 conseentive nights (Phase IT), eight
simulated sonic boems weve presented each night.
They were preseuted hourly beginnipg at 2300
hours and ending at 0600 hours. The “outside”
overpressnre level of the booms was 1 psf (meas-
nred in the pressure chambev adiaernt to the
subject’s sleeping quarters) and 0.1 psf inside
the sleeping ¢quarters. Rise time of the boom
recorded in the sleeping quartevs was 12 msees
with a boom duvation of approximately 284
wsees,  The last fonr nights (Phase TTI) were
set aside for a recovery period. Between the

TasLE I.—F Ratios for Analyses of Variance

RO R15 GO C15 MO Mi5 AL AT T% Comp
A
(Morn vs Even) 7.78* .01 5.69* 1,58 .01 .07 B.46*  8.01* 3.17 1, 82+
d.f.=1,21
R
(Pre-Boom-Post) 3.51* .89 13, 43#*#28, 1 |*** 3.83*% 2,01 O, 10%%*30, G8**431, 8O***1, |R##*
df--242
C
(A;w-(‘-roups) 4,.21* 2,69 13.23%* 0,58 .03 o4 .26 . 66 7.74%* 4,06*
d.f=2,21
AR
d.f=2 42 .00 .00 .00 .00 .03 .00 .00 .00 .00
AC
df=221 .30 .69 1. 53 1.10 2,05 2.30 5.08v 1.01 .80 2.25
RC
d.f=—4,42 Jo17% 6. A8%%* ] O2%% 1], H1ee* 1.10 T 1,51 1.96 15 8, 34*
ABC
d.f=—4,42 .00 .00 .00 .00 .03 .00 .00 .00 .00
*p <. 05 **p<.01 **in <. 001
k't e i - ki, Miciiital i it st i it i i Lo ik
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morning and evening test sessions, the subjects
carried ont their regular daily activities. Five
of the subjects in the youngzest age-group were
stndents and three had regnlar jobs. Seven of
tha subjects in the middle age-group were em-
ployed in varions occupations and one was a
student. Seven of the subjects in the oldest age-
group were retired and one had a professional
job.

III. Results.

Each of the nine performance measures and a
composite measure of monitoring performance
were snbjected to analyses of variance (Lind-
quist Type VI design). The monitoring com-
posite was the sum of the linear transformation
of the red-lights measures, green-lights measn.es,
and meter measures; for this composite measure,
a larger number reflects hetter performance.
The varitbles entered in each analysis were:
experiment phases (Phase I, pre-boom; Phase
II, boom; and Thase III, post-hoom), age-
groups (the youngest—21-26 year olds, the
middle age-gronp—40—45 year olds. and the
oldest gronp—60-72 year olds), time of day
(morning and evening), and subjects (within
gronps). The results of these analyses are shown
in Table 1.

A. Composite Monitoring Measure. Analysis
of this measure revealed a significant difference
in performance across phases and a significant
difference between the performances of the dif-
ferent age-groups along with a significant inter-
action between the two variables (Table 1). The
cell means for this interaction are shown in
Table 2. The data were further evalnated by
“" tests (as outlined by Lindqnist (1956, p.
272)) bhetween individunal means to clarify the
effects of the two variables involved. The oldest
age-gronp’s performance improved significantly
in comparing Phase 1I with Phase I (/=3.78.
d.f.=42; p<.0l) and likewise in comparing
Phase IIT with TPhase I (/=5.41, d.f.=42:
p#<.01). The other two groups showed no such
improvement, In comparing groups. the oldest
age-aronp performed signifceantty poorer than
the youngest (/=3.81: p<.05) and middle age-
group (/==251; p<<.01) only during the first
phase of testing,

Performance for this measure was signilicantly
better in the evening than in the morning (Table
3).

ki
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TaniE 2.—Cell Means for Age-Phase Interaction for All

Mcasures. F
Age
20 40 60
RArith 1 1.08 1.36 2.156
1t 1,02 1.32 1.79
1 1.12 1.37 1.74
RTID 1 1.06 1.44 1.86 }
11 1,04 1.60 1.49 :
111 1,23 1.53 1.37 1
Garitn 1 2,3! 3.75 5.97 ‘
11 2,12 3.28 4. 04
111 2,23 3.05 4,34 1
GTID 1 2,16 3.53 5.81 {
11 1.89 3.23 4,14 -
111 2,13 3.02 3.49
MArith 1 13.7: 10. 20 12, 68 !
11 8. 26 11.77 10. 49
1 8. 59 7.36 9,04 ;
MTID 1 10. 50 12,69 12.52
11 8. 00 15. 59 10. 54 1
111 7.61 8. 81 7.78
AC, 1 86.04  91.20 90,40 i
I 5. 43 94,77 91.81 |
111 95,97 5. 04 93.70 !
ATime 1 7.96 9.01 8.12 {
11 7,064 8.11 7.64

o

7.35
91, 56
96, 69
97.67

(|

TY 1 80,08

111 .13 7

Y O

11 88.09
111 87.83 ¢

on

.6
3
.1
o4

x
(5]
-1 3

Comp. 1 10, 46 37.90 32,95
11 414,72 37.83 36. 20
111 10,91 39. 16 37.68

Tarte 3.—Means for Measures that Showed a Significant
Time-of-Day Lffeet,

Morning Evening
Rarith 1.48 1.40

CArith 3. 69 3.42
ATime 7.99 7.70

Comp. Score 38. 10 38. 55

for each measure.

B. Red-Lights Measures, The red-lights meas-
nres for the fivst Ih-minnte test interval showed
significant  ditferences in  performance across

1
i
P <. 05 for the difference between moraing and cvening ]
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phases and across age-groups (Tuole 1), The
data for the second id-minnte interva’ showed
no such differences.  Ilowever, both measires
showed a significant inferaction hitween experi-
ment phase and age as seen in the eell means fov
those measnres in Table 2. Further analysis
showed that the performanee of the oldest age-
group improved signitieantly frem Phase T fo
Phase IT during the first interval (£—2.42,
d.f.=42: p<.0i) and likewise for the second
interval (£=242, A.f.=12;: p<0d). DPerform-
anee also improved frowm Phase T to Phase IT1
for the first interval (¢=276, d.L.—=12: p<.01)
and for the secoud imtevval (£=3.20, d.f=42;
p<.01). Neither of the other gronps showed
significant changes across phases,  During Phase
I, the youngest age-group performed signifi-
cantly better than the oldest for the first-inteival
(r=3.67. p<.05) and the second-interval (f=
3420 p<.03) measures,  The middle age-group
responded significantly faster to the red lights
than did the oldest age-group during Phase 1
for the first 15-minute infevval (£=2.64: p<.03),
For Phase II, only the fir.t-interval measnre
showed significant differences hetween gronps:
the youngest age-group responded more gnickly
than the oldest (=257 p<.03),

Both measures showed better performance in
the evening than in the morning. bnt the differ-
enee was significant only for the first-intervan
measiive (Table 9).

C. Green-Lights Moasuies, Both greeu-lights
measitres  showed  sigmificant  differences  across
phases and beoween gronps, and there was 2
significant interaction between the two variables
(Table 1).  Analysis of the simple eflects (eell
means for those measures in ‘Table 2) showed
that the performaunce of the oldest age-gronp
imnroved significantly from Phase 1 to Phase 11
for the first-intevval measnre (F=2.63, d.f,=12:
2<.01) and also fov the second-interval measire
(=514, dL=12: p<0l). The improvement
of the oldest age-group from Phase T to Phase
ITI was also signifieant  for the first-interval
measure (/- L16. df=120 p<0) aud  the
second-intersal  wmeasure  (/=THL Dl 12
p<Ob). No other gronps showed  sigmiieant
hmprovement across phases, For the measnres
during bhoth intervals, a signifieant ditference
asross age pronps was found duviug all three
phases,  The largest diflevences betwesn groups
were fornd during Phase Lo For the tirst 15

iR i dol L dhi s ol bk sy o o

minute interval, the youngest age-gronp's re-
sponses weve significantly faster than those of
the middle age-gronp (1=2.38; p<.05) and the
oldest age-gronp (#=6.06: p<.03); and the
middle age-gronp responded significantly faster
than the oldest age-group (#=3.68; p<.05).
Duving the second 1i-minute interval, the re-
sponses of the yvoungest age-group were signifi-
cantly faster than those of the middle age-group
(+=235: p<05) and the oldest age-group
(+=6.25: p<.03) aud, as with the first-interval
measure, the middle age-gronp responded sig-
nifieantly  faster than the oldest age-gronp
(+=3.91: p<05). During Phase IT, the first-
interval measnre showed significant differences
betweer the widdle and the oldest age-gronps
(#==2.75: p<.05) and between the youngest and
oldest age-groups (4=467: p<.05) with the
oldest age-irvoup having tue poorer performance
in each case,  The second-interval measure
saowed significant differences betw2en the young-
est and the middle age-groups (#=2.30: p<.05)
and between the youngest and the oldest age-
gronps (f=3.85: p<.00) with the youngest age-
group having the better performance in each
case. During Phase II1, the yonngest age-group
performed significantly hetter than the oldest
age-groitp for hoth the first 15-minnte nterval
(£==5.19: p<.i) and the second interval (f=
2.33: p<.05): and the middle age-gronp per-
formed significantly better than the oldest age-
greup on the first-intevval measnre (#=2.14;
P <00).

As with the red lights. both green-lights
measures showed better performance during the
evening but only with the fust-interval measine
was the difference hetween morning and evening
performance significant (Table 3).

D. Prcbability Monitoring. None of the var-
mbles had a significant etfeet on the second-
interval probability measnre,  The ouly sigmifi-
cunt effeet on the first-interval measure was a
significant ditfevence across phases (Table 1),
The peviormanee of the gronps during Phase 1
was significantly poorer than their Phase-TTI
oevfornunee (Table 2).  As seen in Table 2,
althongh the age by phase iateraction was not
significnut, only the oldest age-gronp howed
continions improventent across phases,

. Aeithmetic: Measires,  Neither arithmetie
measnre showed significint differences hetween

e
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groups. TFor the arithmetic percentage-correct
measnre there was significant improvement from
Phase T to Phase TI (#=6.56. d.f.=12;: p<.01)
and from Phase T to Phase III (=820, d.f.=42;
p<.01). Since there was a significant interac-
tion between time of day and age-gronps. fnrther
analyses were performed. No differences were
found Dhetween groups for either moming or
evening sessions: and only the oldest age-group
performed significantly better in the evening
than in the morning on this task (Table 4). For
the arithmetic response-time measure, Phase T
performance was significantly poorer than that
of Phase TI (#=10.16, d.f.=42; p<.01) or Phase
ITT (1=17.82, d.f.=42: p<.01): and Phase IT
performance was significantly poover than that
of Phase TIT (#=7.66. d.f.=42: p<.01).

The response times of the subjects in the eve-
ning were significantly faster than for morning
performance (Table 3).

TanLE 4.—Cell Means for Arithmetic Percentage
(Age and Time-of-Day Interaction).

Age
20 40 60
Morning._...._ 92,74 03.11 89,36
Evening_ .. .___ 62,23 94,85 51, 59

F. Pattern  Discrimination. As shown in
Table 1, the oldest age-group (which was pre-
sented problems withont distortion of the com-
parison patterns) performed significantly better
than  both the yonngest age-gronp (/=3.06,
d.f.=21: p<.01) and the middle age-group
(+=3.67, A.f.=01: p<.61). Performance on this
task improved from Phase T to Phase 11
(=671, d.f.=42; p<03) and from Phase T to
Phase TIT (+=7.08, d.f.=42: p<.03).

IV. Discussion.

The mechanism throngh which the sonic
hoons mignt have been expectad to prodice per-
formance decrements would presimably  have
heen a reduction in the amount of sleep and/or
a deterioration in the “quality™ of sleep during
Phase T1.  This would have been expected to he
revealed in the form of decrements during Phase
IT relative to Pha~ T1: and, on the assumption
that learning was complete hefore the beginning

of Phase T, performance during Phase 1T wonld
have been poorer than Phase I. Tlowever, the
data reflecting the main ~ffect of phases look
very much like a learning effect. There were
no decrements during Phase IT relative to either
the pre- or post-Lom phases. Thus, there is no
evidence that any possible sleep interference
produced by the simulated sonic booms of 1 psf
(0.1 psf inside the sleeping quarters) had a
residual effect on the performance of any of the
age-gronps. The lack of a performance effect
of the hooms is clearly compatible with the re-
sitlts of the nnalyses of the sleep behavior of the
subjects. Namely, the results of those analyses
indicated that, or. the average, sleep during the
hoom phase of the experunent did not differ
from that dnring the preceding or succeeding
phases (Collins and Iampietro, 1472).

Despite the fact that the experimental design
did not provide a very powerful test of the
effects of age as a variable, significant differences
between age-groups were found. The primary
reason for the relatively low power of the design
was that, althongh eight subjects per gionp gave
adequate power for assessing the effects of the
hoom, this was a rather small wmmber for the
main effect of age. In addition, the apparent
necessity of giving easier problems to the oldest
sibjects on the arithmetic and pattern diserimi-
nation tasks would be expected to attennate any
real differences hetween that gronp and the other
two gronps.  Clearly, the differences in problem
difficnlty would be expected to have direct effects
on the performance of the arithmetic and pat-
tern diserimination tasks, and, becanse of the
time sharing requirements, we might expeet in-
divect effects on the performance of the other
tasks, Thus, the significant differences across
age-groups on the pattern discrimination task
are properly attrilmted to the fact that the old-
est age-group bad easier problems. Tt conld be
argned that the lack of a significant age effect
on the arithmetic task is, in fact. evidence that
there was an age effect.  Specifically, as regards
the percentage-corvect measure. the 1-digit prob-
lems were so easy that, if age werd not a factor,
the oldest age-groap shonld have performed sig-
nificantly hetter than the other two gronps, Imt
they actually performed (non-significantly)
poorer. Tle argument is even clearer in the
ease of the response-time measure. In another
stndy using the same tasks with college-age sub-
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jects, we found a mean response time of 5.34
seconds for the sanie 1-digit problems after only
two 15-minute practice sessions (Jennings, Chiles,
and West, 1972). IHowever, direct substantiating
evidence for these argnments is not available,
and, therefore, they must be regarded as infer-
ences,

The most prominent age effect was observed
in the prolongation of the learning process in the
oldest age-gronp as compared to the other two
age-groups in the performanee of the warning-
lights monitoring task. The general pictnre
presented by these measures was that of rather
large differences in response times hetween the
oldest and the other age-groups during Phase I,
with reductions in the magnitudes of the differ-
ences in Phase IT and TTII. More direct evidence
of the slower learning rate of the oldest age-
group is seen in the interaction hetween age-
gronps and phases on the monitoring tasks.
Specifically, significant improvements across
phases were found only in the case of the oldest
age-group, The pattern of significant differences
between the middle and youngest age-groups,
e.g.. differences in Phase T and Phase IT but not
in Phase IT1, is suggestire of a diflerence in the
learning rates of those two groups. The finding
of differential learning rates, which is clearest
in the comparison of the oldest and the voungest
age-groups, is directly compatible with previous
findings sneh as those of Welford and Birren
(19653) who reperted age-related impairments in
ability to learr simple tasks.

There appear to be three mechanisms under-
Iving the differences in age-gronps. The three
possibilities are clearly not nmtnally exclusive
and it is quite likely that all contribnted. First,
the difTerences could liave heen a repetition of
the findings of previous reaction time stndies
thongh only in part. IFor example, the largest
difference found by Goldfarh (1941) between a
gronp ranging in age from 18 to 24 and a group
ranging in age from 53 to G was with a H-choice
reaction time task: the actual magnitnde of tle
difference was less than 0.1 seconds, If we nse
this figure as an estimate of the contribution of
reaction time to the ditlerence hetween our
voungest and oldest subjects, then reaction time
wonld account for i~ss than 2077 i the ditler-
ence in the caze of red-lights pionitoring {witi
arithetic) and less than 5% in the ease of green
lights (also with avithmetic). The secomd likely

contributor is efficiency of scanning habits,
Clearly, the rate at which the snbject could
effectively scan the varions monitoring displays
and the frequency with which he did so would
be important determiners of response times.
This would be espeeially trie of the green lights
as compared to the red lights in that the onset
of a red light was much more likely to be seen
“out of the corner of the subject’s eye.” Anather
aspect of the efficiency of scamming is the flox-
ibility of the subject in shifting, for examnple,
from working an arithmetic problem to scan-
ning the monitoring displays. Closely related
to tha flexibility faetor is the breadth of the
siibjeet’s attention with respect (o perceiving a
monitoring signal when his vision is focused on
the displays for one of the two active tasks.
The findings reported by W.lace (1956) lend
support to the proposition that flexibility and/or
breadth of attention were important eontribu-
tors. He found that subjects in their sixties
required tachistoscopie exposures abont six times
as long as did those in their twenties in the
identification of very simple pictures and de-
signs: they required up to 20 times as long for
more complicated material,  The third possible
contributor to the produection of performance
differences as a funetion of age is differential
motivation. owever, the observations of the
experimente ;s gave them the elear impression
that the oldest age-gronp took the experitent
the most seriously: the middle age-gronp was
next: and the yonngest snbjects, although their
continuedd applieation to the tasks was above onr
expeetations, took the experiment the least
serionsly,  Since the apparent differences in
motivation were most pronounced toward the
end of Phase TII, any bias present should have
tended to favor the performance of the older
age-groups and, thns, wonld tend to underesti-
mate age etlects,  Therefore. we consider the
hest explanation of the results with respect to
age 10 he that the higgest contribution was made
by ditferences in time-sharing skills suel as sean-
ning habits and flexibility of aitention, Reac-
tion time per se undonbtedly made a contribu-
tion, but it was probably relatively small,

The obtained ditlerences between morning and,
cvening perfornanee arve «learly compatible with
the findings of previons vesearch reciewed Iy
Rav, Martin, and Alluisi (1961) and Trambul
(1966) as well as the rese. reh revorted by Chiles,
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Alluisi, and Adams (1968). An important
metlhiodological implication of this finding is
that the multiple task performance approach
used in this study yields relatively sensitive
measnres.  Generally, we wonld not consider
time of day to ve one of the more powerful lab-
oratory variables. It should also be remembered
that the difference favoring evening performance
was present despite the fact that a full day of
activity intervened between tlie morning and
evening sessiotis.  On the other hand, an average
time of only abont 30 minutes elapsed from the
time the subjects were aronsed from sleep until
they reported to the lahoratory for testing.
Thns, the pace of events prior ta the morning
test session may have leen rather slow with
respect to bringing them to a full level of per-
formance alertness, The obtained interaction
between time of day and age-group in the case
of the percentage-correct arithmetic measnre.
when analyzed for simple eflects, suggests that
the oldest age-gronp may have had more difli-
culty “getting up to speed™ in the morning than
did the youngest age-group. Ilowever, this was
the only measure that vielded a significant inter-
action between these two viriables, Therefore,
this finding should probably he considered as an
isoiated case since we can otler nao goad rationale
as to why the eflect should be peculiar to the
accuracy of arvithmetic compntation.

Y. Conclusions.

The simulated sonie booms introduced during
sleep did not have measurable consequences with
respect. to complex performance, The fact that
significant effects were found as a function of
age and as a function of the time of day at which
performance was measnred suggests that the
measnures were sensitive to meaningful variables,
Thus, it is concluded that the sleep effects of the
booms did not contribute significant variance
with respect to performance.

Age appears to make a large contribntion to
the level of complex performance to be expecied
under these conditions, The most prominent
feature is the difference in the rate at which
skill is acquired, but, even after extensive prac-
tice differences between the oldest subjects (60
to 72) and youngest subjects (21 to 26) are still
evident, Earlier in learning, significant differ-
ences are also seen between middle age-group
subjects (40 to 45) and the oldest subjects. And.
at the beginning of learning, differences are seen
between the yonngest an’ middle age-gronp
subjects.

The time of day at which testing is carried
out was fannd to be a significant contribiutor to
the level of performance exhibited hy the sub-
jects.  Thns, further support is given to the
generally held conelusion that div:aal variations
in performance must be considered both as a
part of the methodalogy of performunce meas-
urement and in establishing operating proce-
dures.
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