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Effects of Cyclical Temperature on Vigilance Performance

J. D. RAMSEY, Department of Industrial Engineering
C. G. HALCOMB, Department of Psycholog
M. KASSOUNY, Department of Focd and Nutrition

Texas Tech University, Lubbock, Texas :

Vigilance performance has been shown to be enhanced by

numerous types of environmental changes. This study evaluates

the effects of a cyclically changing temperature on monitoring

behavior and physiological responses of man. Vigilance per-

formance was not enhanced by the use of variable temperature

conditions of this study. Rather, the variable temperature

in conjunction with a heavy food intake was shown to adverscly

affect both heart rate and vigilance task performance measures.
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INTRODUCTION

Monitoring behavior can be influenced by the introduction
of environmental changes during a performance session. Typical
environmental changes include the introduction of rest pauses,
(Colquhoun, 1959; Solandi and Partridge, 1944; Saldanhan, 1955;
McCormack, 1958; Mackworth, 1948), random changes in noise
level (Kirk and Hecht, 1963), changes in ambient lighting
(Halcomb and Kirk, 1965), and presentation of knowledge of
results (ilardestly, Trumbo, and Bevin, 1963). Sinca environ-
mental change seems to result in improvement of vigilan~e
performance during a normal watch, one would expect that the
introduction of cyclical changes in ambient temperature micht
also result in a similar improvement. The purpose of this
study was to test hypothesis.

Previous investigations concerning the effects of ambient
temperature on vigilance performance have yielded inconsistent
results. Mackworth (1948), testing subjects under ambient
temperatures of 70°, 790, 87.50, and $7°F, reported superior
performance at 79°. Marked decrements were ohserved for the
other temperature conditions. Pepler (1553) found better

performance at 67° and 92°F than at 82°, 1In a subseguent

study, the same author (Pepler, 1lYs8) repo.ted fewer nmisses

at 82°F than at 67° or 92°. Bursill (1958) found that
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high ambient temperature resulted in a greater vigilance
decrement than did lower temperatures. Bell (1964) using
roth a visual and auditcery vigilance task varied the tempera-
ture from 85° to 145° F and found no significant differences
due to temperature. Poulton, Hitchings, and Brooke (1965),
comparing performance in Arctic and temperate climates,
reported guicker reaction times in a celd environment.,

The above studies yield inconsistent results with respect
to the eifect of temperature on the performance of a monitoring
task. However, all of the studies have one characteristic in
common-~-they all investigated the effects of a constant tempera-

e n

ure on vigilance and/or complex monitoring performance.

o+

Since the results of previous studies suggest that a variable
environmental condition may enhance vigilance performance the

+

present s

€3

udy attempted to assess the effect of variable
temperatures upon such performance,
MNBETIIOD

Daverisental Variables

Temperature and hunidity were controlled by means of an
caviconmental chamber. Relative humidity was maintained at
55, ¢ 5% during each experimental session. The variable
comnerature was cyelics 1ly varied with a mean of 23,3° ¢ and
cucursions of * 3° ¢ on a ten minute cycle, Thae constont
Lomperature was maintained at the mean 6f the variable tempera-
turce condition (23.3G C). Thesa temperature and humidity ranges

were selocted since they were within the capability limits of
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most heating and air conditioning systems, thus making it
feasible to utilize the results of this research in practical
settings.

Two levels of dietary intake were also considered as
important parameters of this study. Earlier research at Texas
Tech (Kassouny, Halcomb, and McFarland, 1970) indicated that
the quantity of diet had a significant effect on the performaice
of some vigilance tasks. Superior performance was obtained
from those subjects who had a noon meal supplying 7% of the
average daily caloric requirements as compared to subjects
whose noon meal contained 20% to 50% of the average daily
caloric requirements. As significant differences in performance

were obtained b

@

tween diets supplying 50% (1570 calories, 66

4.

W

rams protein) and 7% (220 calories, 10 grams protein) of
average Gaily caloric requirements, these two levels -of
dietary intake werc utilized in the present investigation to
Getermine the interactive effects of temperature ana diet
on vigilaace perform&nce.
Subjects

Ten male subjects, ages 18 to 22, performed 100 minute
vigilance watches during each experimental session. These

subjec

s werc screened on the basis of health questionaires,

ot

mowi patterns, and anthropometric characteristics to provide

. aomogencous group of subjects and to allow for assessment

-
o o

the dietary cifeccs.

- —— o e
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Procedure

The subjects weie given a task trial session on-the
Friday prior to the week in which the experimental sessions
were conducted. They then performed the vigilance watch from
1:00 to 3:30 p.m, on Monday through Thursday of the following

week. Each subject was supplied the appropriate dietary

intake levels at noon each day, and at 1:00 p.m. the watch session

was initiated. This provided a uniform interval between the
meal ingestion and the beginning of the watch period. Two
subjccts were run simultancously at separate stations in the
environmental chawber. Each subject was required to wear a
set of earphones which presented white noise at 85 dacibel
intensity, On the initial trial session, cach subject read a
sat of instructions that contained basic information,
opnerational rules and safety information. This was done to

instruct and to standardize the degree of motivation elicited

by tho instructions. After reading the instruction sheet, each

stbject was allowed & two-minute practice period during which
they were shown several signals and given practice in pushing
sutton. Verbal instructions were presented via
the head phones during this practice period. On subsequent
experimentcal sessions, the written material was not reread.
However the two-minute practice period was conducted at the
wedinning of each session., Thais served to recorient the sub-
zct prior to each session and to check the equipment for

wroper Iunctioning.

o . - to g —
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The vigilance task consisted of a cathode ray tube (CRT)
dispiay on which the subject monitored a point of llght that
moved randomly from the center of the screen. At selected
times, the signal deflected an extra 1.2 cm in either an up-
ward or downward direction, and this was defined as a signal
to which the subjects responded by pressing a button held in

theilr preiferred hand. The CRT was driven by means of a magnetic

stereo tape recorder, one channel supplying the signal for the

CRT and the other channel supplying instructions and subsequently

white noise through the head sets worn at all sessions. The
signals occured with a mean frequency of one each 2.5 minutes.
The intersignal intervals were selected pseudo~randomly with
no intervals being shorter than ,5 minutes or longer than five
ainutes, such that four signals occured during each ten mintute

-

period. The magnetic tape program used for driving the CRT

was of sufficient length to allow the experimental sessions
to be started at different points on the tape and thus eliminate
any possibilities that the subject would learn the pattern of

gual occurrence.,

L}
|

Y S

The physiological indices which served as independent
variaiyies in this investigaiion were hearxt rate and body
smperature.  Surface electrodes were used to obtain the heart
sonse and a surface thermister was attached under the subjects
arnm ©o obtain an estimate of the subjects body temperature.

his thermister, which is smailer in diameter than a dime,
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rad fastened to the subject by means

e vems ssema ww w Awea yE Kama

—r o wm -




Ak e . S et L e

g T B T

Ramsey 6

of an adhesive collar. An elastic bandage was then used to
cover the entire thermister and insure that it remaiﬁed in
contact with the subject. Subjects were instructed to keep
the lefi arm under which the thermister was located in their
lap or on the table to minimize the flow of ambient air under
the arm. In pilot studies conducted prior to this investi-
gation, this estimate of body temperature was found to corre-
late very highly with rectal temperature. This method of
temperature monitoring was - :lected since it was considerably
moxe confortable for the - .Lject than was the rectal probe.
RESULTS

The mean performai.ce for ten subjects is pictured ia
Pigure 1. There appears to be two definite types of pexfor-
mers, i.e., high performers (detectors) who consistently perform
above ninety percent accuracy on this vigilance task, and
noderate performers (nondeteétors) whose performance level is
such & low level and with such high variability that his
performance was considered atypical, and his data were deleted
Zrom all subcequent data analysis.

Insert Fig. 1 about here

A significant (P=,95) temperature~diet interaction effect
c werformance was observed in this experimental data. Neither
Gict nor temperature however, was statistically significant

as a main effeci. Under conditions of constant tenperature,

-~ - was

e s Rt
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performance after che light diet was superior to the perfor-

mance after the heavy diet as
finding substantiates the one

Halcomb and MéFarland (1969) .

depicted in Figure 2. This
reported earlier by Kassouny,

However, when the variable

temperature was included, the influence of the light or heavy

-

with performance to the point that it dominates any influence

.

normally attributable to diet differences. This is somewhat

CO

o3

tradictory to the original hypothesis which proposed that
a variable temperature would tend to enhance performance cf a
vigilance task.

Insert Fig. 2 about here

Each of the experimental subjects performed the task on
four subseguent days during a single week. The vigilance per-
formance was also analyzed over this sequence of four days on
watch to Getermine if any appreciable learning effect was
encountared. This factor was not significant. This and all
other statistical tests in this study utilized a significance
level of 2 = ,95,

Heart rate was monitored during each experimental session
in oxder to evaluate if this physiological parameter related
to performance level or cogrizance of a signal. If substantial
vsiological response to a signal cecurred, this should be

Gotcctable as a differential between heart rate before and

AR Amew S Sw. T bt o £ SV 24

diet disappearcd. Apparently the variable temperature interferes
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after signal presentation. Accordingly, the heart rate during
five seconds immediately after the signal was compared to the
five seconds before, and also the ten seconds after the signal
was compared with the ten seconds -before. None of the five-
second interval differences were significant. Fowever, the
tenperature-diet interaction again showed sigr. .icance when the
heart rate ten seconds hefore the signal was compared to iten
seconds after the signal, This is pictured in Pigure 3. For
the consitanc temperature no heart rate difference was cbserved.
That 1s, the heart rate ten scconds after the presentation of
the signzl was not different {rom the ten seconds before. The

[

coanbination of variable temperature and heavy diet resulted in
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heart rate after the stwmulus presentation. The
sositive difference in Figure 3 indicates a heart rate increase

after a stimulus. A possible explanation of this phenoneron is

that homcostasis, or maintenance of a regulated internal eaviron-

-~

ment, is more difficult under variable temperature conditions.
Thus the additive effects of a heavy diet and variable tempera-—

ture resulbted in a sigrnificant differential betwcen heart

Insert Fig. 3 about here
lcart rate was sampled randomly throughout the work session

in cwonty-second periods, and with a between sample mean
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inutes. These saaples were used as estimates
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of the minute heart rate during the watch session. Figure 4
indicates that heart rate for the heavy diet was higher than
for the light diet. This probably reflects the metabolic stresses

of digestior and assimilation after the heavier meal.

TR S € D D S P W G G GO P G TS G WD G S WS G VY

Insert Fig. 4 about here
The effects of temperature-diet interaction on the
physiological parameter of heart rate are shown in Figure 5.
As with constant temperature, the heart rate is less with the
light meal than with the heavy mecal. Under conditions of
varicble temperature, however, tie autonomic nervous system is
aszpareatly wnder more stress. Thic resulted in a higher heart
rate for the heavy diet than was anticipated when obscrving the
light dict-variable tcemperature condition.
Insert Fig. 5 about here
The hecart rate as a function of time on watch is depicted
in Ficure 6 where the mean heart rate during each ¢ Jitre
succussive twenty minute periods is plotted. The almast linecar
seoative slope of this relationship is no doubt a result of

ata N de
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¢r ingestion of tiic meal coupled with the inactivity

prolonged periods. llere the dict-period inter-
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significant, i.e., for both the heavy and light
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diet the heart rate decreases were comparable and thus plotted

as parallel over the time period.

G S A G T GED eup G GNP S W b GmS S WD SER TID ID GRS G N G

Insert Fig. 6 about here

CONCLUSIONS

Performance of a vigilance task was not enhanced by the
use of variable temperaturc conditions. Rather, variable
temperature appeared to negate any performance improvement
ohserved during a light diet-constant temperature condition.

(Sce Fig. 3). -

The physiological response, as indicated by heart rate,
followed the same pattern. Variable temperatures appeared to
interfere with autononic regulation of heart rate that was ob=-
served when temperature was constant.

Homeostatic regulation requires the heart rate to
continuously compensate for change in external temperature and
éigestive activity. &hefvafiable temperature appears to place:

+ross on autonomic controls and thus adversecly affects both
neart rate and vigilagce task performance measures.

Thus the use of a cyclically varying variable temperature
es a mcans of enhancing vigilance performance is not indicated.
Trhe authors would suggest further research, however, to dctermine
if a randomly varied temperature, rather than the cyclical tempera-
ture of this study, would yield results more consistent with

those found with other types of environmental change.
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