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INTRODUCTION

Due primarily to its ease of attainment and its relationship to
body functions, the heart rate has been the subject of many investi-
gations. It is well known that physical exercise will cause the heart
to beat more regularly along with its higher rate. Recent research
suggests that greater regularity of the heart can also result from
factors such as heat and mental load.

Modern technology has reduced the amount of physical load that a
worker is expected to exert but it has increased dramatically the mental
tasks required of almost all employees. Thus the importance of quali-
fying these mental activities becomes evident. One of the most bromising
indexes of mental stress is the regularity of the heart beat or the vari-
ability of the interbeat interval. This variability of interbeat interval,
hereafter termed the "iv,”" has the distinct advantages of being objective,
It may be a more potent index of stress than is presently available. This

thesis presents an evaluation of the "iv'" as an indication of stress.



LITERATURE REVIEW

Task Stress and Interbeat Variability

The objective measurement of mental or perceptual work load has
been evaluated by Kalsbeck and his associates since 1962 (Schouten,
Kalsbeck, and Leopold, 1962). A summary of these findings appeared in
his 1968 article (Kalsbeck, 1968)., It was noted in the 1968 study,
that increasing the mental load, a binary choice task, did not increase
the heart rate but did diminish the iv,

The original study (1962) was the first of many articles originated
by Kalsbeck in the area of mental stress, It gives some background for
latter studies and an introduction to the ultimate goal of objectively
measuring mental stress,

Schouten, Kalsbeck, and Leopold (1962) used a primary task with
five different secondary tasks to determine the degree of mutual impair-
ment. The primary, or first task, consisted of an auido binary response
task, The stimulus consisted of a tone of either 2000 Hz or 250 Hz pre-
sented randomly by ear at a rate of between 10 and 120 stimuli per minute.
The response consisted of pressing a right or left pedal respectively.
The secondary tasks utilized the subjects hands and eyes:

1. Applying a washer and nut to a screw

2, Inserting a pin in a hole

3. Solving arithmetical problems and writing the answers
4, Maze tracking

5. Spontaneous writing,



For two subjects the performance in the second task in percent was
plotted versus 0, 20, 40, 60, 80, and 100% performance in the first task.
Maximum performance, 100%, in the primary, first, task was established
as no more than two errors or failures occuring in three minutes, Test
duration, the number of subjects, type of pacing, and the results, in
other than percentage were not explicity reported,

In general, a decay in secondary task performance was observed as
a function of increasing primary task performance, It was concluded
that "expressing the effect of perceptual and mental load in terms of
steps of decay, as brought to light by our experiments, may be of use
in tackling the problem of evaluating perceptual and mental load,"

Kalsbeck and his associates have reported on the same studies in
many different sources, Because of the similarity of these studies
only selected articles are included in this review,

In one study, Kalsbeck and Ettema (1965) attempted to determine
if heart rate and regularity were independent and whether irregularity
could be used to measure mental load. The mean heart rate for the 85
subjects tested was 75 beats/minute (bpm) with a standard deviation of
9.6 bpm, An earlier method (Kalsbeck and Ettema, 1963) was used to de-
termine a sinus arrhythmia irregularity score (irregularity of heart
rhythm). Using this manual scoring method, the score was determined by
counting the number of times instantaneous heart rate, plotted by cardio-
tachometer, crossed control lines, For the 85 subjects the mean irregu-
larity score was 1l/minute with a score standard deviation of 8.5/minute.

This established a standard or reference point for resting subjects.



This scoring method has been explained in detail by Ettema (Ettema,
1965).

Three different experiments were then run with each using a dif-
ferent set of subjects and each having two levels of stress, Each level
of stress and a session duration of three minutes., In the first experi-
ment six subjects performed a visual and binary choice task at two
levels, 45 bits/minute and 70 bits/minute, The second experiment had
thirty subjects perform audio binary choice tasks at 60 and 80 percent
of their individual maximum errorless response rate, These percentages
were approximately 72 and 96 bits/minute respectively.l The final in-
vestigation had 21 Dutch subjects hearing a Spanish test being read
twice, The first time was "hearing" only and the second time they
"listened" intently to count the times the word "los" was used. These
subjects did not speak Spanish.

Table 1 shows a summary of their results, Heart rate and sinus
arrhythmia for the tested subjects were expressed as percentages of
resting conditions for the initial 85 subjects, Irregularity diminished
with load, As noted in the table a Wilcoxon Test (one-tail) was used to
determine significance. An inconsistency is evident in the heart rate
relations (between rest and condition III) but this is as it was reported.

Kalsbeck and Sykes (1967) reported an investigation of the objective
measurement of mental load which utilized both secondary task and sinus
arrhythmia score evaluation, Fourteen student subjects were used. The
subjects were divided into two groups of seven each. Each group per-
formed two tasks simultaneously, The first task, the primary task, was

paced. It consisted of responding with two hand keys to two lights which
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switched on randomly at fixed times. Before each session each subject's
individual maximum response rate was established. The secondary task
consisted of responding with two pedals to tomes of 2000 and 250 Hz,

This task was unpaced and the tones were presented randomly by earphones.
In the dual task situation the experimenter increased the rate of lights
from 0% (secondary task alone) to 1007 of the subject's maximum perfor-
mance in randomized 10% increments., As reported, the first group of
subjects were instructed in the form of a pay-off matrix for secondary
task performance. The other group was merely told to answer as many
tones as possible without making errors or omissions in the primary task.
The first group was thought to be highly motivated whereas the second
group was thought to be neutral,

No difference was found on any of the performance measures between
the two groups. Irregularity of the heart rate was scored by the method
of Kalsbeck and Ettema (1965) and was reported as a percentage of the
irregularity score obtained during the preceeding rest period., The
highly motivated group remained at a sinus arrhythmia score of about 70%.
The neutral group started at a higher level of irregularity (81% of rest),
decreased to 64% of rest at approximately 72 bits/minute of primary task
performance.2 The neutral group started with less effort and increased
their effort with greater primary task demands as indicated by interbeat
variability,

Another method of evaluating the iv has been utilized by other
authors. With this second method, successive peaks of an electrocardio-
gram (EKG) are measured by hand and then transcribed to a data sheet

and ultimately computer cards., The calculations of mean interbeat



intervals, heart rates, standard deviations, and coefficients of variation
are performed by computer, The variability measures are the standard
deviation of the intervals and the coefficient of variation.

Cahill (1969) utilizing this second method, found a relationship
between the iv and mental stress. Ten subjects were required to solve
a differing number of addition problems in one minute, The number of
six column (6 x 4) addition problems available in the one minute work
session were, in the order they were presented, two, four, six, and six,
The fourth session also had an added "distraction stress" of 70 dbA white
noise, Criteria used were heart rate, standard deviation of the inter-
beat interval, coefficient of the variation of the interbeat interval
and accuracy, Kalsbeck's method of scoring was not used, Variability
of the interbeat interval, the iv, was evaluated by means of the standard
deviation and the coefficient of variation. The coefficient of vari-
ation was the standard deviation divided by the mean for a particular
specified period.

Cahill determined that interbeat variability decreased signifi-
cantly while solving addition problems (p < .05). It was also found
that heart rate increased five bpm during stress although this was not
tested for significance. No significant affect on variability could be
observed by the addition of 70 dbA white noise although Kalsbeck (1968)
reported a significant effect for 80 db and 90 db, The coefficient of
variation was significantly (p < ,05) lower during work than rest but
no distinction could be drawn among levels of work.

Konz and Cahill (1970) reran a variation of Cahill's experiment

to see if interbeat variability changed not only between work and no



work but among levels of work at the same task, Twelve male engineering
students served as subjects. The subjects; following a balanced and
mirrored sequence, added a series of 6 x 4 addition problems during a
one minute work session. In order to encourage a variation in mental
load three conditions were tested. A bonus of 5 cents was paid for every
column added correctly during the condition having the greatest number of
problems, In the low condition one problem (ie. six columns) was avail-
able, the medium conditien had four problems, and the high bonus con-
dition had six problems.

Once again the same results were obtained; the standard deviation
and the coefficient of variation were significantly lower (p < ,001)
during work than rest but no distinction could be drawn among levels of
work. The earlier conclusion was verified; the interbeat interval of
EKG did vary and the variation decreased with the addition of tasks.

Koster (1965) in summarizing his other work (Traverne and Koster,
1966; Koster, 1966), used four methods to measure perceptual load.
Three were based on the primary-secondary task principle and one on
Kalsbeck's method of scoring sinus arrhythmia. One well-trained subject
performed seven tasks, The load of each of the seven tasks was evaluated
by each of the four methods and each situation was repeated five times.
The four performance measures were reaction, tracking, and tapping as
subsidary measuring tasks and sinus arrhythmia scoring as a physio-
logical measure.

Koster found that Kalsbeck's method was "very good" at discrimin-
ating between tcsks but could not distinguish between work and rest,

"Very good" was established as having a "highly significant" but not



reported F value, It was noted that the sinus arrhythmia score obtained
during some tasks was higher than that measured on the subject at rest,
It should be noted that these results are contrary to those reported by
Kalsbeck (1968), Cahill (1969), and Konz and Cahill (1970)., These
authors report significant reductions in variability with the addition
of tasks,

Gibby, Gibby, and Townsend (1969) investigated the stability of
the rate of change of heart-beat (instantaneous heart rate) from non-
stress to stress conditions. The major hypothesis tested was that the
rate of change of heart-beat does not shift significantly from non-stress
to stress conditions but rather it tends to remain relatively consistent
within the individual from one situation to another,

Eighty white male college students who were either science or
engineering majors were subjects. All subjects underwent initial mental
and physical examinations and it was noted that the subjects could be
categorized as being of superior intelligence and presumably free of
any significant degree of physical disability, emotional disturbance,
and psychosomatic involvement,

On the first day of the study, each subject was required to rest
in a reclining position and the EKG was recorded for a 15 minute period,
On the following day, at the same time as on the first day, the subjects
simultaneously experienced both psychological and physiological stress
with the identical heart measurements recorded. Physiological stress
was achieved by electric shock and psychological stress was achieved by

time-to-completion recognition task.
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The Pearson product-moment correlation between rate of change
under non-stress and stress conditions was found to be statistically
significant (p < .001). It was shown that the rate of change of heart
beat remained essentially constant and that the person who was "stabile"
(minimum rate of change) under non-stress conditions was similarly stabile
under conditions of stress and the person who was "labile" (maximum rate
of change) under non-stress condition was labile in stress, It was con-
cluded that the rate of change of heart rate is a stable parameter and
they implied that the rate of change in heart-beat rate obtained under
non-stress conditions may be used to predict performance of the person
under stressful conditions. Thus, the degree to which individuals
demonstrate interbeat variability differs and this difference between
individuals exists in both stress and non-stress conditions,

Meers and Verhagen (1970) investigated sinus arrhythmia and its
relation to information transmission and emotional tension, They per-
formed two seperate studies; the first used twenty well informed third
and fourth year psychology students as subjects and the second used
twenty-six industrial technicians as subjects. In both studies, Kalsbeck's
scoring method was utilized.

The first study utilized Kalsbeck's audio binary choice task. The
subjects were all volunteers who were well informed about the experi-
ment and its aim of associating supressed sinus arrhythmia with high task
rate, The subjects were also familiar with the experimenter. In what
the authors termed a "relaxed atmosphere," only 12 of the 20 subjects
had a decrease in sinus arrhythmia during maximum paced (mean of 59 bits/

minute) and unpaced (mean of 63 bits/minute) test condi“ions. From rest
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to maximum load there was a mean decrease of sinus arrhythmia score of
0.4%, This was not significant for p = O.lb by the Wilcoxon test,

The second study involved industrial technicians taking what they
were told was a job determining psychological examination. The authors
termed this a "tense atmosphere'. Utilizing the same audio binary
choice task for 24 of the 26 subjects a decrease of sinus arrhythmia
was found during maximal load when compared with resting scores, There
was a mean decrease of the arrhythmia of 25.1%. This was significané
for p = 0,001 by the Wilcoxon test.

It was concluded that the emotional state of the subject is of
great importance ;nd that besides a high rate of information transmission
some emotional tension is indispensable to get a degree of sinus ar-
rhythmia suppression,

Interbeat variability has been shown to decrease with mental or
task stress, It has been linked with emotional loading and it has been
demonstrated that it is a stable measure within individuals under varying
stress conditions. Both Kalsbeck's method and the method reported by
Cahill and others have been successful in distinguishing mental stress
from resting conditions. Kalsbeck's method has been successful in dif-
ferentiating levels of the same task whereas the second method has failed,
The second method has been applied te only relatively mild self paced

mental tasks and to some physical stress, namely heat,

Heat Stress and Interbeat Variability

Some work has been done using the iv as a criterion during heat

stress, This work has been summarized by Konz and Cahill (1970) and a
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similar summary appears in Table 2, All investigators used the criteria
of the standard deviation or coefficient of variation.

Konz and Nentwich (1969) reported four experiments in hot humid en-
vironments with localized cooling of the head. Experiment one used mental
work (addition problems) at room temperatures of 99, 103, 107, and 112 F,
Experiment two had mental work (number recall) at 107 F. Experiment
three had physical work (walking a treadmill) at 100 F., In experiment
four, heart rate variability was investigated without localized cooling
as an index of stress., The six conditions of experiment four are reported
in Table 2, 1In pilot experiments one, two, and three the same two subjects
were utilized,

In experiment one there was significantly (p < .05) less stress in
the neutral than in the heated environments. Lower stress was associated
with lower heart rates, surface temperatures, core temperatures, sweat
rates, and greater variability. With the cooling hood there was signifi-
cantly (p < .05) less stress than without the hood; with the hood in the
four temperatures, 99 F, 103 F, 107 F, and 112 F the standard deviation
was lower than without the hood, Productivity was about 3.67% higher with
the hood,

In experiment two the two subjects had 30 seconds to recall a five-
by-five numeric matrix that had been presented for 45 seconds. A neutral
(76 F) and a heat stress environment (107 F) were used. The subjects
followed a work sequence of 15 minutes neutral and 60 minutes heat two
full times and completed the test with 15 minutes in the neutral environ-
ment. While in the heat environments the subjects alternated wearing the

cooling hood for the full hour exposures., No statistical evaluation was



Interbeat Variability during Stress

Table 2

13

Environ- Coefficient N subjects
mental Heart Std. of Variation x samples/ Refer-
Temperature Task Rate Dev.(o) subject ence
76 F idle 79 .058 7.6 150 Konz &
add 78 .056 7.7 Nentwich
98 F seden- 82 .056 7.7
tary
add 94 042 6.6
walk 109 .018 3.3
76 F idle 80 .057 T4B
76 F ana- 85 .034 4.8 240 Konz &
grams Gupta
ana- 98 .022 3.7
grams
76 F idle - .079 - 56 Sharma
112 F walk - .020 -
76 F idle 77 .067 8.4 36 Aurora
112 F walk 150 .019 4,2 36
76 F idle 80 .049 6.4 280 Cahill
add 85 .038 5.4
76 F idle 79 .063 8.2 372 Konz &
Cahill
76 F file 82 034 4,6 900 Santa-

maria
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reported but for three of the four hood-no hood comparisons in heat the
mean standard deviation of the interbeat iﬁterval was lower without the
hood, This means that there was greater stress without the hood. For
the productivity measure the results were inconclusive,

In experiment three the subjects walked on a level treadmill for
twenty minutes and then sat for twenty minutes, walked twenty minutes,
etc. Exposures lasted 60 minutes with a subject wearing the hood for
the entire exposure, In general the increase in heart rate was approxi-
mately 10 beats per minute more without the hood than with the hood.

The mean standard deviation of the interbeat interval decreased from
about ,020 seconds in a neutral environment to about .01l seconds in
heat, No differences were established between wearing the hood or being
exposed, No statistical analysis was reported.

Experiment four tested ten male undergraduates at: 1) 76 F sitting,
2) 76 F adding, 3) 98 F sitting, 4) 98 F adding, 5) 98 F walking, and
6) 76 F sitting. Neither the heart rate nor the interbeat variability
was significantly different during the first three conditions. Heart
rate increases from conditions three to four and four to five were
significant (p < .05). Heart rate during condition six was significantly
less than condition five, The mean rates for conditions one through six
were 79, 78, 82, 94, 109, and 80 beats per minute, respectively, Similar
results were reported for interbeat variability. For conditions ome
through six the respective mean standard deviations were ,058, ,060,
.056, .042, .018, and ,057 seconds., Conditions one, two, and three were
not significantly different, The other conditions were significantly

different (3<4, 4<5, and 5>6) at the 5% level., It was concluded that
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more work was needed to make interbeat wvariability applicable as an
analytical tool.

Konz and Gupta (1969) cooled individuals with a water cooled hood
in a heat stress environment. Eight subjects were exposed to a 76 F
environment (30 minutes) and a 100 F environment (120 minutes) while
performance and physiological data were gathered. The subjects were
required to perform a mental task, anagrams, in both environments,
Without ccoling, the standard deviation of the interbeat interval dropped
from ,035 seconds in 76 F environment to ,022 in heat and the coeffic-
ients of variation dropped from 5.0% to 3.7%. With cooling the changes
were ,033 to ,029 seconds from 4.6%Z to 4.3% respectively. It was dem-
onstrated that interbeat variability decreased when heat stress was
added to mental work and that the variability decreased less, indicating
less heat stress on the subjects, when the subjects were cooled,

Sharma (1970) evaluated an air coocled helmet system, Eight
walking subjects were cooled in an environment of 112 F, 60% relative
humidity (r.h.). It was found that the standard deviation of the inter-
beat intervals dropped from .079 to .020 seconds as a subject was ex-
posed to heat, The average standard deviation, without cooling, dropped
from ,079 seconds in the neutral condition to ,020 in the heat stress
and from .062 to .021 with cooling. There was significantly (p < .05)
less drop in the standard deviation during exposure when the subjects
were cooled. Presumably, with cooling, the subjects were under less
stress. Sweat and body temperatures confirmed this,

Aurora (1970) used air cooling on four subjects in three heat stress

environments. All three environments were 100 F Effective Temperature,
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In environment one (104 F, 90% r.h.) without cooling the standard de-
viation of the interbeat intervals dropped from ,067 seconds before

the experiment to ,019 seconds in heat. With cooling the standard de-
viation dropped from .068 seconds in pretest to ,035 in heat. Without
cooling the coefficient of variation dropped from 8.4% to 4.2% in heat
and with cooling the change was from 8.8% to 5.5%7 in heat, Environments
two and three gave similar results, The standard deviations were tested
and there was a significantly (p < ,05) smaller drop during exposures
when the subjects were cooled.

There appears to be general agreement that both heat and task stress
reduce interbeat variability. Localized cooling has a favorable result
in that the reduction in the iv is less; subjects are under less thermal
stress, This is confirmed by sweat rates and body temperatures, Table 3
gives a review of the literature sited. A major consideration during
mental task stress appears to be emotional loading and this could explain

some differences in the literature,

Scoring Sinus Arrhythmia

Two methods of scoring sinus arrhythmia have already been discussed.
Kalsbeck's method used control lines at plus and minus three, six, and
nine beats per minute around a predetermined resting heart rate., An
irregularity score is determined by assigning one, two, or three points
depending upon where the rate lies relative to the control lines about
the resting mean; one point is awarded for each deviation from the mean
between three and six bpm, 2 points between six and nine bpm, and above

9 bpm 3 points. Thus, for each one-minute period of interest a seperate
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score can be obtained by working with the cardiotachogram plot of in-
stantaneous rate and control lines,

The second method was that used by Cahill and others, Using this
method the raw data is the EKG rather than the cardiotachogram. Beat
intervals are measured by hand from the EKG. Figure 1 shows an example
of raw EKG data, These R-to-R peak intervals in millimeters are then
used as inputs to a computer analysis, Intermediate steps include the
transferral of the intervals from data sheets to computer cards. Outputs
used for analysis include the heart rate, standard deviation of the
interbeat interval, and the coefficient of variationm.

Ettema (1965) discussed other methods presently available for
scoring sinus arrhythmia and tested all of them on the same data, The
first method tested was Kalsbeck's which has already been discussed at
length. The "crossing" method was the next method discussed. Tolerance
lines were visualized at three beat/minute intervals, but now indepen=
dently of the mean. For every minute, the number of times the curve
changes three beats was counted. In this way all the 'jumps' in the
cardiotachogram corresponding to three beats per minute were counted.

The third method evaluated was the sum of the absolute difference
between successive beats in terms of both beat time and frequency.

As explained by Ettama an irregularity index using beat times
was obtained by adding all the differences between every two successive

beats within a minute,

f
Index = ) |Tn - Tnvl[ where: T time of beats in seconds
n-1 f frequency number of beats
in the minute
f-1 corresponds to the first beat
of the following minutes
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This index, expressed in terms of frequency, becomes:

£
Index - z ]%%'— Tég—l.
n-1 n~1

The fourth method discussed was the curvimetric method. This method
was discarded as tco costly. The length of the cardiotachogram curve
needed to be measured for every minute and this length was the index.
Ettma noted that the cardiotachogram curve would require a correction
for paper speed as only the amplitude portion of the curve corresponded
to the differences in frequency between successive heartbeats,

Of the three methods evaluated by Ettema, Kalsbeck's was the most
discriminating, Twenty-four persons were tested at a 60 and 40 bits/
minute auditory binary choice task and method one, Kalsbeck's method
was the only one that gave significantly different values,

It appears from the literature that Kalsbeck's method and the

method reported by Cahill and others have achieved the widest usage.

The Physiology of Sinus Arrhythmia

The irregularity of heart rhythm is called sinus arrhythmia. Clynes
(1960) felt that the most important pattern attainable from heart ir-
regularity data was respiratory arrhythmia, During inspiration the
vagal tone is decreased and this results in an increased heart frequency.
Vagal tone refers to the impulses of the vagus nurve which regulates
the reactions of the major interior organs. Anrep (1936) found that
when vagal tome was very low or very high the influence of respiration
on heart rhythm was very small, In contrast, Davies (1966) found that
only at very low respiration rates could a clear rise and fall of heart

rate be seen.
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The relationship of respiration and heart irregularity is indeed
complex, Many hypothesis have been put forth but as yet unproven.
Dimondi (1969), in a more recent investigation, hypothesized that blood
return in the right heart was the stimulus of sinus arrhythmia, Ettema
(1965) summarized the present state-of-the-art as follows: '"During
several conditions sinus arrhythmia is suppressed combined with an in-
crease of heart frequency during mental load (Kalsbeck and Ettema, 1963-
'65), This tends to the supposition that suppression of sinus arrhythmia
is caused by a change of respiration (Angelone, 1964) and (or) a decrease
of vagal tone during physical load and (or) an increase of vagal tone
during mental load."

The finding of a relationship between sinus arrhythmia (or iv) and
mental stress has generated much interest in determining the physio-
logical justification of this association. Many more current articles
will probably be written investigating and hypothesizing as to the causal

relationships that are apparently in operation.
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PROBLEM

As can be seen from the literature the variability of the inter—
beat interval, the iv, has been used as a stress index for both mental
and physical (thermal) stresses. The purpose of this experiment was to
evaluate the iv under both of these conditions and to determine its
relative sensitivity, The goal of this experiment was to determine if
a mental task could be distinguished from a sedentary situation in both
a heated and a neutral condition.

Two levels of mental stress, sedentary and performing anagrams,
were evaluated under two levels of thermal stress, heated and neutral,
The iv was evaluated by means of the standard deviation and the coef-
ficient of variation, Comparison criteria were heart rate, core temper-
ature, performance during anagrams, and a subjective stress scale during

all conditions,.
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METHOD

Overview

Eight subjects were exposed to two thermal environments, one being
"comfortable" or neutral and the other heated. In each of these en-
vironments a subject was sedentary for ome-half hour and performed ana-
grams for another half-hour., Thus, each subject was exposed to both a

physical (thermal) stress and to a mental or task stress of anagrams.

Experimental Design

The time schedule for each trial i1s given in Table 4 and the testing
schedule is given‘in Table 5. The sequences were balanced and the testing
schedule established under the following criteria:

1. Allow sufficient time between sessions to insure total re-

covery of the confederate

2, Simplify thermal control of the chamber by having only one

environment per day

3. Subject availability.

The subjects were questioned as to their availability for testing.
Appropriate times were then established and posted as to the day and time,
Subjects then signed this sheet on a first come first serve basis.
Following this method only one subject needed to adjust his schedule,

The subjects were tested by twos and a confederate was also tested

with each group,

Mental Stress

Half of the time a subject was performing anagrams and the remainder

of the time he was resting. This occured in both environments,
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Table 4

Time Schedule for Each Trial

Finutes Fronm
Pesinning Event

0-15 1., Remove personal clothing
2. Don standard uvniforms
3. Attach instrumentation
L, Subjects seated in pretsst room

15-30 1. 3 basal recordings (1 every 5 minutes) of
EKG and coro temperature

2., Subjects enter the chamber
30=50 1. Test Period 1— See Table 6
7 2, 6 recordings of EKG and coras tenperature
3. Complaete subjcetive stress form
60-90 1. Test Period 2-- See Table 6 .
2, 6 Rocordings of EKG and core temparature
3. Complete subjective stress form
L, Subjects leave chamber
G0-105 1, Subjects seated in pretest room
2, 3 recovery recordings of EXG and core temperature
105-120 1. Remove and clean instrumentation

2., Subjects dress and depart
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Table 5

Schedule of Conditions

One Hour Exposure

Day Time Subject Condition 1 Condition 2
Numbers (1/2 hr.) (1/2 hr.)

Tue. 9:00 - 11:00 a.m. 1,2,C* N NA
1:00 - 3:00 p.m,*% 3,4,C NA N
Wed. 9:00 - 11:00 a.m, 5,6,C H HA
1:00 - 3:00 p.m. 7,8,C HA H
Thur, 9:00 - 11:00 a,m, 1,2,C HA : H
1:00 - 3:00 p.m. 3,4,C H HA
Fri. 9:00 - 11:00 a.m, 5,6,C NA N
1:00 = 3:00 p.m. 7,8,C N NA

N =75F at 60% r.h. = 71,0 E.T,
NA = N plus anagram task

H =110 F at 50%Z r.,h, = 95.2 E.T.
HA = H plus anagram task |

* (C = Confederate

*% Due to equipment failure this session was rerun the following
Monday from 1:00 - 3:00 p.m,
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Resting, In this thesis subjects were sedentary, operationally
defined as seated and engaged in conversation or magazine reading when
they were not performing the task, During a one hour exposure they
remained seated and half the time were resting or sedentary and the
other half of the time were performing the task,

Task. The subjects were required to sit quietly and solve a
self paced number of anagrams (Gupta, 1969) twice, once in heat, and
once in a neutral environment. Table 6 shows a sample page of ana-
grams, Every five minutes the subjects received a new page to solve,

Each problem page had three sets of eight letters, Each letter
was selected with a random number table. Each letter in the table was
represented in proportion to its frequency of use in the English langu-
age. TFor example, the letter "0" was assigned 8.00% of the random numbers
as this is its occurance rate (Gaines, 1956). Restrictions were made
in the selection of the groups of eight letters that no letter could
occur more than twice and there were at least two but not more than
five vowels.

During the five minutes allowed per page the subject formed words
from any of the three sets of letters. Only letters from one set were
allowed for forming of any specific word. The subjects had the same
problem sets simultaneously, Any English word more than two letters long
including places, but excluding names and abreviations was allowed. The
American College Dictionary served as the standard. The performance

measure was acceptable words formed per five minute period,
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Confederate, The purpose of the confederate was to add emotional
stress (Meers and Verhaegen, 1970) to the task situation. He was to
accomplish this by generating more words than the subjects. Since he
was located in the center of an eight foot table, the subjects, located
on each end of the table could see him generating words at- a greater
rate, Figure 2 shows the relative positions of all subjects during test

conditions, The confederate is located in the center.

Physical Stress

In this thesis two levels of physical (thermal) stress were utilized,
one was a neutral level and the other was a heated level,

Neutral Level, Much thermal research has been performed in the en-

vironmental test chamber at the Institute for Environmental Research,
Kansas State University. Nevins, Rohles, and Feyerherm (1966) developed
an initial comfort range and Rohles (1970) extended this, Rochles de-
termined that for male college age (19-24 yrs) adults the subjects were
comfortable at 75 F and 60% relative humidity (r.h.). This was for one
hour exposure of sedentary subjects clothed in uniform garments.

In this thesis subjects Weré sedentary or performing anagrams and
they were clothed in the standard garments described by Rohles (1970).
Exposures lasted one hour, The uniform consisted of cotton pants, shirts,
socks, and shorts, Figure 3 shows a subject wearing this uniform.
Everything except the shorts was furnished., The environment in the
neutral (N) or neutral with anagram (NA) conditions was established at

75 F at 60% r.h. (Rohles, 1970) or 71.0 F Effective Temperature (E,T.).
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Figure 2

Testing Positions

The Confederate is Located in the Center.
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Figure 3

Subject in Standard Uniform
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Heated Level, Rohles, Nevins and Springer (1967) established some

guidelines under conditions of high thermal stress. Using male subjects
clothed in shorts they determined that environments between 86.8 F
Effective Temperature (E.T.) and 91.3 F E.T. were thermally nonstressful,
those between 92,9 F E.T. and 95.5 F E.T. were transitional and those
from 97,0 F E.T. to 100+ F E,T., were stressful, Their criteria was a
two degree artificial temperature rise within four hours,

Initially, the environment during the heated (H) and heat with ana-
gram (HA) exposures was established at 110 F and 60% r,h, (98,0 F E.T.)
but due to the limitations of the heating equipment 110 F 50% r.h.

(95.2 F E.T.,) was run. The equipment was unable to both heat and add
sufficient moisture to the cold dry winter air,

The sedentary subjects, therefore, were exposed to two environments,
heated (95,2 F E.T.) and comfortable or neutral (71,0 F E.T.), for one
hour in each. During this hour they were solving anagrams for half the
time and conversing or reading magazines for the other half. In any one
day subjects were exposed to two one-half hour tasks, reading-conversing

and anagrams, in one environment.

Subjects

Prospective subjects answered a newspaper advertisement desc:ibing
a need for paid subjects in an environmental study. They were given an
initial briefing describing the task; only English words, no abbreviations,
etc,; and then any questions were answered, They were then presented
three pages of anagrams similar to Table 6 and they had five minutes

per page to form as many acceptable words as they could., Table 7 gives



Table 7

Preselection Anagram Test

Subjsct Word Output ~ Result
A 15 rejected
B 37 stand-by*
c-28 38 Accepted
D-7 Lo Accepted
E~-6 L4y Accepted
F-1 51. Accepted
G =14 56 Accopted
H-3 59 Accepted
I-2 59 Accepted
J =5 59 Accepted

Fa Te8 Standby
L 69 Confederate
M | 7 Standy-by
N 107 Standy-by*

* failed pretest physical: rejected,

32
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the total words generated in the 15 minutes by each person who answered
the advertisement as well as the previously selected confederate., Subject
A was rejected due to the fact that English was not his native language.
Subject B was accepted as a standby subject while subjects K, M, and N
were accepted as standby confederates,

All eight subjects plus the four standbys and the confederate were
then given physical examinations as a safety precaution for the heat ex
posures, This was a standard examination consisting of a review of
medical history, heart rate, blood pressure, and blood count, Subjects B
and N failed the physicals and were rejected, All rejected subjects and
standbys were paid $1.50 for their trouble.

The selected subjects, all having demonstrated lesser skill than the
confederate, were then told they would be paid $10 for two test sessions
of two hours each. They were questioned as to their availability for
testing and a compromise schedule was worked out, The next day they re-
turned and signed up for a session that fit their schedule, These sign
up numbers are given in Table 7. Subjgcts 1 and 2 signed up for Tuesday
and Thursday morning, subjects 3 and 4 signed up for Tuesday and Thursday
afternoon, etc, General subject information may be found in Table 8.

Besides the $10 for experiment pay each subject also received one
cent for each acceptable word formed during the test sessions. Between
this bonus and the presence of the confederate, who was superior on the

task, it was hoped to add more mental (emotional) stress to the task.

Measurements

Performance. During the anagram phases of the experiment an intercom

buzzer was used to signal the subjects. The first buzz was the signal to
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Table 8

Subject Information - Male College Students

Number  Age  Weight  Height  Major Year
1§ 20 170 5'10" General Fresh,
2 19 137 5¢ g Geography Soph.
3 21 iéj 5T11" Business Sr.
L 20 175 5rio" Business Jr,
5 ig 155 5o History Soph.
6 21 146 6' o Geology Soph,
7 23 160 6'-o" Preo-Fed Sr.
8 ig 155 griL” Ganeral Soph.

Confederate 23 i70 a' g Engineering Grad,
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start the task., Every five minutes thereafter a buzz meant for the sub-
jects to turn the page and continue working. The final buzz meant to
stop working and to complete a questionaire. For every five minutes of
the half-hour of anagrams the subjects solved a new page for a total of
six pages per test. The productivity measure was words formed per five
minute peried.

Physiological, Both the electrocardiogram (EKG) and the internal

(core) temperature of the anal canal were recorded for each subject at
the end of every five minutes during all conditiomns. Thus for each
hrlf-hour test there were six simultaneous recordings of EKG and core
temperature for each subject.

Comfort., At the end of each half-hour session, the subjects were
signaled with the intercom. They then completed a subjective stress
form. This form was adopted from a "Subjective Stress Scale" (Berkun,
Bislek, Kern, and Yagi, 1962) and is presented in Table 9. The scale
is a ranked list of words used to describe a specific situation. Table 10
gives the ranking of each word, The neutral or midpoint on the scale

" whose scale value is 48. Groups under normal,

is the word "indifferent,
mildly positive conditions generally have a mean score of less than 32;

they are more positive than indifferent. Under stress conditions scores

above 48 are expected.

AEEaratus

Test Facilitv, The environmental test chamber at the Institute for

Environmental Research, Kansas State University, was used for the experi-

ment. Nevins, Rohles, and Feyerherm (1966) described this facility in



Table 9

Subjective Stress Form

36

Circle the one word or phrase in each group which best descrites your
feolings zbout the previous test session.

General Feelirrs

in agony
wandorful
didn't both
unsteady
ursafe
nervous
fine

steady
worricd
frichtened
cemfortable
indiffsrant
scared stiff
timid

Feslings abont
Temperaturs -

terrible
wonderful
fine

worried
didn't tother me
in zgony
indifferent
cerfortalle
unsafae
scarad stiff
nervous
frightened

Feelings z2bout
Task

fine
comfortable
terrible
timid
frightened
steady
didn't bother me
unsteady
indiffarert
worried
nerveus
terrible
wonderful
in zgony



Table 10

Subjective Stress Scale Values

Item

wonderful
fine
comfortable
steady
didn't bother me
indifferent
timid
unsteady
nervous
worried
unsafe
frightered
terrible

in agony

scared stiff

Sczle Value On
Sccre

00
09
17
27
Lo
48
57
64
69
7
76
83
87
92
94

37



38

detail, Within the 12' by 24' by 8' chamber, temperature, humidity,
and air velocity can be maintained at predetermined values. Figure 4
shows the layocut of the test chamber and adjacent rooms.

The control room adjacent to the test chamber was used to house
monitoring equipment. TFigure 5 shows the control room and related
equipment, Adjacent to the control room is the pretest room, The pre-
test room is where the subjects dressed and other arrangements such as
electrode attachment, were accomplished.

Heart Rate Monitoring., Heart beats of the subjects were recorded

by a Beckman Dynograph (Type RS). Two E and M Instrument Co. surface
electrodes were attached to each subject's chest, This subject instru-
mentation may be seen in Figure 3, An E and M 1ns£rument Company
Telemetry unit consisting of three Transmitters FM-1100-E2, each operating
on a different frequency, and a Receiver FM-1100-6 was used to transmit
the heart beats fram the surface electrodes of the three test subjects

to the dynography. The dynograph was operated at a paper speed of

25 mm/sec.

Temperature Monitoring. As a criterion and as a safety precaution,

rectal temperatures were recorded, A Yellow Springs Instrument Model 401
ternistor was inserted 6 inches (15 cm) into the subjects anal canal, The
thermometer leads were then connected by a junction box to a digital
thermometer, This United Systems Corporation, model 500, digital thermo-
meter can measure and visually display the thermister temperatures to an
accuracy of 0.1 F (0.55C) in a range of 59 to 122 F (15 to 50 C).

A temperature print out capacity was provided by a United Systems

Corporation Manual Identification Unit, Model 651. The unit has a total
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Floor Plan of Test Facility
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Figure 5

Layout of Control Room
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of eight information columns available; the first four columns, which
are selected, are for identification and the last four are for temper-
ature to the nearest 0,1 F,

Visual Monitoring., The subjects while in the test chamber were

continuously monitored by closed circuit television., A Sony Video
Camera, model VCK-2100A, was connected to a Sony Video Recorder, model
CV-2100, which in turn was connected to a Sony TV monitor, model
CVM-1800, The camera, fitted with a wide angle lens, was located within
the chamber while the monitor and recorder were placed in the control
roon,

Audio Communications, While in the chamber subjects were instructed

by an intercom call signal, Two wireless intercoms, Radio Shack Division

of Tandy Corporation, Catalog Number 43-225, were used.
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RESULTS

Data Analysis

All physiological performance and subjective measures (see Appen-
dicies) were statistically analyzed by means of four-way analyses of
variance (ANOVA)., The K.S.U, Department of Statistics and Computer
Science, "AARDVARK" program was utilized, Using this fixed model an-
alysis, significance was established at the ,05 level, For the physiq—

logical measures the ANOVA utilized the following variables:

d.f.
H = heat or no heat 1
A = anagrams or no anagrams 1
S = subjects 7
R = replications or periods 5

The statistical analysis of productivity and the "subjective stress

scales" are discussed in their respective areas.

Physiological Measures

Due to equipment failure no physioclogical measures were obtained
for subjects three or four on Tuesday afternoon {(see Table 5)., The test
however was run to completion thus subjective and performance information
was recorded for this day. The test was rerun six days later and this
was the source of the physiological data recorded,

Heart Rate. Table 11 gives the average heart rate in beats per

minute (bpm) by condition for all eight subjects. The six periods



Table 11

Average Heart Rate (beats/minute)

by Subject arnd Condition
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Condition

Keutral plus Heat plus Subject

Subiect Heutral  Anarcrams Feat  Anagrams Averaze

1, 73.9* 70.2 97.8 83.1 B1,2%%
B £2,0 80,2 115.3 110.8 97.0
3. 74.6 80.8 99.3 i20.6 83.8
4, 67.6 72.3 95.1 108.1 85,7
5, 85.9 104, § 100.8  113.6  101.3
6. 59.9 67.6 88,9 113.5 82.5
T 84,0 90.0 113.6 102.2 97.6
8. £7.0 62.7 88.6 81,0 2.8

Mean .5 78.5 99.9 10,1 BY, ¥+

* means of € periods each
** means of ZU periods each

*** mean of 192 periods
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per half hour condition were averaged and these are reported in the body
of the table. The subject averages are the means of all 24 periods per
subject while the final average of 89.3 bpm is the average of all 192
recordings (24 periods/subject x 8 subjects.)

Table 12 presents the four-way ANOVA of the heart rate, All vari-
ables and interactions are considered and all significant effects (p < .03)
are identified,

There were significant (p < .05) effects for heat, anagrams, and
subjects. Heart rates were higher with heat and anagrams and individual
differences existed. There was also a significant interaction of subjects
by heat; three subjects had higher mean rates during heat of approxi-
mately 20 beats per minute, three were approximately 30 beats per minute
higher, one was only about 10 beats per minute higher and another was
about 40 beats per minute higher in heat, A subject by anagram significant
interaction existeﬁ in which four subjects had higher mean rates and
four had lower mean rates while performing anagrams. In the case of the
significant heat by replication or period interaction temperatures rose
for the first three periods and then leveled off for the duration. A
three-way interaction also existed between subjects, heat, and anagrams.

It is evidenced from Table 11 that there were considerable individual
differences and subjects generally had higher rates in heat than they did
in neutral conditions, The mean heart rates in beats per minute (bpm)
were 74,5 in the neutral condition, 78.5 in neutral with anagrams, 99.9
in heat, and 104.,1 in heat plus anagrams.

Interbeat Variability. Two measures of interbeat variability were

considered in this experiment; they were the standard deviation and the
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Table 12

Analysis of Variance of Heart Rate

Variatle d.f. mesn square F
H 1 31 304, 3671 _ b17,20%*
A 1 809, 8457 10,79+
S 7 2148,9272 28,63*
R 5 173.9544 2438
SH ? ’ 475.,9641 6. 3
SA 7 669,98356 8,92+
SR 35 L5,1748 0.62
HA 1 0.2962 0,00
KR 5 223.0850 2,97
AR 5 L6,8720 0.60
SHA 7 217.2551 2 2,89%
SHR 35 : 29,7991 0.39
HAR 5 27,3556 0.35
SAR 35 39.9804 0.53
ERROR 35 75.0341
TOTEL 191

* .05 Level of Significauce
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coefficient of variation. Both measures were considered by period (see
Appendix 1), The standard deviation may be considered an absolute
measure of variability while the coefficient is a relative measure. The
coefficient of variation for any particular period was the standard de-
viation of that period in seconds divided by the mean interbeat interval
of that period in seconds.

Standard Deviation, Table 13 gives the average standard deviation

by subject and condition, The average of six periods per condition are
reported in the body of the table, The subject averages are the means
of all 24 recordings per subject and the over-all mean of 0,040 seconds
is the mean of 192 periods (24 recordings/subject x 8 subjects),
Table 14 presents the analysis of variance of the standard deviation,
The four variables of heat, anagrams, subjects, and replications or
periods and all of their interactions are considered, The variables
heat, anagrams, and subjects and the interaction of subjects and heat
were all significant (p < .05).
The mean standard deviation in seconds (see Table 13) decreased
" from 0,061 seconds in the neutral state to 0.045 in neutral plus ana-
grams to 0.031 in heat and ultimately to 0.025 seconds in heat plus an-
agrams. The analysis of variance (see Table 14) demonstrated signifi-
cance for the main effect of heat., A lower mean standard deviation
of the iv occured in heat, It is also seen that anagrams were a sig-
nificant variate. During anagrams subjects had a lower standard de-
viation of the iv. Thus subjects were under greater stress, as indicated
by this decrease, when in heat or when solving anagrams., Significant

subject differences also existed. A subject by heat interaction also
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Average Standard Deviation {secornds) by Subject and Condition

Condition
Neutral plus Heat plus Subject
Subjact Neutral Anagrars Heat fnagrams Averars
L 0,090* 0.058 0.041 0.039 0.060%*
2. 0,044 0.051 0,020 0.017 0.033
3. 0,052 0,026 0.026 0,022 0,032
b, .073 0.059 0.039 0.020 0,048
5. 0.045 0.021 0.021 0.013 0.025
6. 0,084 0,050 0.029 0,018 0,048
7. 0.077 0.036 0,039 0.020 0,043
8. 0.029 0.040 0.036 0,031 0.034
Mean 0.061 0.045 0.031 0.025 0,040*+=
*  means of 6 periods each

% ik

L2 2 ]

means of 24 periods each

rnean

of 192 periods



Table 14

Analysis of Variance of Standard Deviation

Varinble d.f. Msan Sguare F
H 1 0.0322 98, b&*
A 1 .0072 22,20*
S ” .0030 9,17%
R 5 .0003 1,16
SH 7 ' 0013 b,19+
SA 7 . 0006 : 2.10%
SR 35 . 0004 1.3
HA 1 .0005 1.58
KR 5 .0002 0.85
AR 5 . 0000 0.08
SHA 7 . 0004 - 1,25
SHR 35 ) .0003 1,09
HAR | 5 .0000 0.26
SAR 35 .0004 1.35
ERROR 35 .0003
TOTAT 191

* .05 Level of Significance
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occured in that some subjects exhibited a much greater decrease than
others and one subject demonstrated no change at all,

Coefficient of Variation. Table 15 gives the average coefficient

of variation by subject and condition, The table values are the meaps

of the six periods per half-hour condition (see Appendix 1) by subject.
The subject averages are the means of 24 periods, six in each condition,
for each subject. The total average of 0.055 or 5.5% is the mean of 192
periods (24 periods/subject x 8 subjects). The coefficient itself is the
ratio of the period standard deviation in seconds divided by the period
mean interbeat interval (see Appendix 1) in seconds.

The mean coefficient of variation of the iv (see Table 15), similar
to the mean standard deviation, decreased with increasing stress; neutral
condition (7.5%), neutral plus anagrams (5.6%), heat (5.2%) and heat
plus anagrams (3.87%). In the neutral environment the addition of ana-
grams caused a mean reduction of 13,4% (5.6/7.5) and the addition of
anagrams to the heat environment resulted in a 13.7% (3.8/5.2) reducticn.

Table 16 gives the analysis of variance of the coefficient of vari-

'ation. The variables of heat, anagrams, and subjects were all signifi-
cant (p < .05); subjects demonstrated lower coefficients while in heat
and while doing anagrams. Significant individual differences also
existed. Two-way interactions existed for subjects by heat and subjects
by anagrams. For the subjects by heat interaction six subjects had
lower mean coefficients in heat, one subject demonstrated no change, and
one subject had a higher mean coefficient in heat. For the subjects by

anagram interaction one subject had a 5% decrease in mean coefficient



Table 15
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Average Coefficient of Variation by Subject and Condition

* neans of 6 periods each

** means of 24 periocds each

*** mozn of 192 pericds

Condition
Neutral plus Heat plus Subject
Subinct Neutral Anagrams Heat Anapgrars Averapn
1, 0.110% 0,077 0.067 0,052 0.076**
2, 0.080 0.068 0.039 0.031 0.049
3. 0,05k $0.035 0.043 0.045 0.47
b, 0.082 0.070 0.061 0,037 0.063
5 0.053 0.0356 0.026 0.025 0.040
Biy 0.083 0.069 0,044 0.035 0.0%58
7. 0.109 0.052 0,071 0.033 0.066
8, 0.021 0.0i#1 0.051 0,042 0.042
Fean 0.075 0.05% 0.052 0.038 0. 055w



Table 16

Analysis of Variance of Coefficient of Variation

* ,05 Level of Significance

Varizbla d,f. mean squarse F
H 1 0.,0213 53.73%
A 1 0134 33.82+
S 7 .0039 9.96*
R 5 . 0005 1,61
SH 7 .0015 3.78%*
SA 7 0013 3.50*
SR 35 .0007 1,78
HA 1 .0003 0,81
HR 5 .0coL 1,04
AR 5 L0000 0.01
SHA . .0005 1,34
SHR 35 .000% 1.53
HAR 5 . 0002 0,57
SAR 35 . 0005 1,49
ERROR 35 .0003
TE2AT 191
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with anagrams three subjects had a 27 decrease, two subjects decreased
1% and two subjects demonstrated no change in mean coefficient of vari-
ation with the addition of anagrams,

Core Temperature, Table 17 presents the average core temperature

(F) by subject and condition. The temperatures reported within the body
of the table are the average of the six periods per condition for each
subject, The subject averages are the mean of the total 24 periods for
each subject and the total mean of 99.1 F is the average of the total
of 192 pericds analy=zed.

Table 18 is the analysis of variance of core temperature. The main
four variables as well as all interactions were considered. All variates
significant at the 5% level or less are identified,

By observation (see Table 17) of the mean core temperatures (F) it
appears that instead of four conditions this criterion distinguishes only
two conditions, either neutral, means of 98.9 F, and 98.8 F, or heated,
mean of 99.4 F, The analysis of variance of this data (see Table 18)
recognizes eight significant variables and interactions; heat being only
.one, All subjects did have higher core temperatures in the heated en-
vironment and once again, subjects were significantly different.

For the first time, replications or periods were significant, This
signifies that as time went on core temperatures became higher. The
interactions of subjects by heat and subjects by anagrams were also
significant and seven of the eight subjects had higher core temperatures
in heat and four in anagrams. The heat-anagram interaction indicated
that when the task was added to the neutral environment temperatures

went down but they went up with anagrams in heat. For the heat-replication
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Table 17

Average Core Temparature (F) by Subject and Condition

Condition

Neutral plus Heat pius Subject

Subiect  Keutrsl Anarrams Heat  Anayrams Averapo

1. 98,8+ 98.5 99.4 99.0 98,9%*
z. 98,4 98.3 98.7 98.1 98.4
3. 99,4 99.6 99.6 100,0 99.6
L, 98.8 99.0 99.5 100,2 99.4
5, 98.8 98.8 99,2 99.9 99.1
6. 98.7 98.8 99.0 99.5 99.0
P 99.1 99.0 99.8 99.4 99.3
8, 99.0 98.7 99.8 99.4 99.2

Mean 98.9 9€.8 99.4 99.4 99,1 %*%

* means of €& pericds each
** means of 24 periods each

*#%% mean of 192 periods



Table 108

Analysis of Variance of Core Temperature

Variable d.f, : mean _sguare F
H 1 13.1253 681,21
A 1 0.0033 0.17
S 7 3.3987 176, 39*
R 5 0.1337 6.93*%
SH 7 ' 0.507% 26.33*
SA 7 0.719% 37, 3=
SR 35 0.0154 0.80
Ra- 1 0.1301 6,75+
HR 5 0.4215 21,87+
AR 5 0.0311 1,61
SHA 7 0.2910 - 15.10%
SHR -+ 95 ’ 0.0088 0.45
HAR 5 0.0125 ' 0.65
SAR 35 0.0230 1.19
ERROR 35 0.0192
TCTAL 191

* .05 Level of Significance



55

interaction temperatures fell with time in the neutral but rose, over
time, in heat. The three-way interaction of subjects by heat by an-
agrams was also significant,

A special ANOVA was run to determine if this criterion was stable
over time, A.M, versus P.,M, This did involve confounding in that A.M.
subjects, 1, 2, 5 and 6, were compared to P.M. subjects 3, 4, 7 and 8.
The morning subjects had significantly (p < .05) lower core temperatures

than the afternoon subjects,

Performance
Table 19 gives the average word production rate by subject and pre-
sentation order (see Appendix 2)., Subjects 1, 2, 3, and 4 solved ana-
grams in heat during their second day while subjects 5, 6, 7 and 8 had
anagrams in heat during their first day (see Table 5), All other rates
were determined from anagrams solved in the neutral environment, As the
subjects had five minutes per page of anagrams, the rate is presented in
terms of word output per five minutes. Presentation thfee for subjects
"3 and 4 and presentation 10 for the confederate was the retest session,
Table 19 also includes the production rates of the confederate by
presentation order., A comparison of the mean production rates for all
the subjects and the rates of the confederate are given in Figure 6. In
that the confederate was tested with all four subject pairs, three times as
much data was obtained from him, An ANOVA was made of the means to de-
termine if heat was a significant factor, By this analysis neither heat nor
subjects were significant (p < .05) variates. Performance was not affected

significantly by the presence of heat. The main consideration was that



Table 19

Word Production Rate (words/5 minutes)

by Subject and Presentation Order

Presentation Order

56

25.8
24,3
22,3
23.3
27.3
27 3
25,5

24,0

—

24,9

Oxx 1 2 3 4 2 5 z

1. 17.0 23.0 28,3=%
2. 19,5 22,1 26,5%
i 19.5 22,5 22,3% 25,0%*%
4, 18,5 24,5 26.8% 23,5%%%
S 19,5 25.8% 34,5
6' 14!5 25-8* 33.0
7 13.0 21.6* 30,0
8. 12,5 19.0% 24,1
Mean 16,8 23,0 28,2 24.3
Con- 23.0 28.0 35.0 40.0 44,0 43,0 46,5 57.5 54,0 51,0 43,0%%%
federate

* heated environment

%%  pretest

*%% retest
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there was significant (p < .01), by Wilcoxon (one tail), improvement,
presumably learning, involved with this task, Subjects solved more an-

agrams with each presentation regardless of the presence of heat,

Subjective Measure

Table 20 presents the average subjective stress votes by subject
and condition., Each table value is the mean of three votes, one for
éeneral feeling, one for the task and one for the environment (see
Appendix 2), The scale midpoint is a value of 48, this scale word being
"indifferent", One vote was taken at the end of each half-hour of testing.
An analysis of wvariance of the main variables of heat, subjects
and anagrams and all their interactions was made, There was a signifi-
cant (p < ,05) heat effect and subjects were significantly different.
All other variates were insignificant, Table 21 gives the analysis of

variance of the subjective measure.
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Table 20
Mean Subjective Stressrvotes

by Subject and Condition

Conditian

Neutral plus Heat plus Subject

Subjsct Neutral Anagranms Heat Anagrams Mean
1. b8 48 74 61 58.8
2, 30 3t 89 70 55,0
3. 09 09 | 31 41 22,5
b, 30 12 ™ 74 k7.5
54 11 28 29 n 34.8
6. 00 19 35 25 19.8
7. 17 g | 51 66 42,0
8. 06 03 4B 52 27.3
Mean 19 23 55 58 3845

* The scale midpoint is the word "indifferent," scale wvalus 48, Values
above this are considered stressful and scores below this are considered
rmore positive than indifferent.



Table 21

Analysis of Variance of Subjective Measure

Variable da.f. Mean Square _F

H 1 8096,2812 60.64%*
A 1 7.0312 0.05
S 7 1065.5668 7.98%
SH 7 163.7812 1,22
SA 7 271.1025 2.03

HA 1 81,2812 0.60

ERROR 7 133.4921

TOTAL 31

*,05 level of significance
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DISCUSSION

Table 22 gives a summary of the significant condition differences
demonstrated by the criteria utiljzed in this experiment. Table 23
presents all the criterion means by condition. From Table 22 it can be
seen that all the measures associated with the heart, both rate and iv,
were sble to distinguish both the physical (heat) and the mental (task)
stress. The heart rate, the standard deviation and the coefficient of
variation of the interbeat interval successfully distinguished the
heated from the neutral environment and the anagrams from a sedentary
task, The other measures, core temperature and the subjective scale,
were unable to do this,

Core temperature and the subjective scale were limited to dis-
tinguishing between heated and the neutral environments; no signifi-
cance was found for the mental task to sedentary comparisons. Performance
was not significantly affected by the addition of heat.

The criterion means (Table 23) were expressed in terms of standard-

lized scores relative to the neutral condition. These z's, in absolute
values, are presented in Table 24 and Figure 7 presents a plot of these
z's by condition,

Wing (1965) in reviewing some of his earlier work, tested 15 subjects
for one hour in Effective Temperatures (E.T.) of 72 F, 90 F and 95 F,

The subjects performed a paced short-term word list recall task for the
last 50 minutes of the hour exposure, Wing found a significant (p < ,01)
performance decline in the 95 F E.T. environment over the 72 F E.T. Wing
noted that other authors have been unable to find any statistically

reliable decreases in performance for one hour exposures at 91.5 F



Summary of Criterion Significances

Table 22

by Analysis of Variance

Criterion

Heart Rate (beats/min.)
Standard Deviation (sec.)
Coef. of Variation

Core Temperature (F)

Performance (during task)

Subjective
*=p<,05
NS = Not Significant

Heat (H) Anagrams (A) Interaction (HA)
* * NS
* * NS
* * NS
* NS *
NS - -
* NS NS
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Table 23

Criterion Means by

N NA
Heart Beat 74,5 78,5
(beats/min.,) .
Std. Dev. .061 045
(sec,)

Coef. of Var, (%) 7.5 5.6
Core Temp (F) 98.9 98,8
Performance - 26,7
{(production rate)

Subjective 19 23

(scale value)

* does not include retest session

Condition

L]

99.9

031

342

99.4

55

63

104.1

.025

3.8
99.4

24,5%
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Table 24

Criterion z Scores (Absolute Value)

by Condition

Criterion Neutral plus* Heat
Anagrams (NA) (H)

Heart Rate

(beats/min.) .03 .25

Std. Dev.

(sec.) .14 .26

Coef. of Variation

(%) 17 .21

Core Temp. (F) .05 .24

Subjective

(scale) .08 .68

*Neutral equals zero

Heat plus
Anagrams (HA)

.29

l31

.34

.24

.75

64



z Scores (Absolute Value)
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and 91 F E.T. To Wing this implied that for one hour exposures a thermal
limit for performance decay does exist and it lies between 91.5 F and
95 F E.T.

This experiment exposed subjects to 95 F E.T, for one hour. Subjects,
however, performed the task only for the first or the second half-hour of
exposure. This procedure plus the fact that significant performance in-
creases (learning) was evidenced could be the reason for an insignificant
heat effect on performance in this experiment,

Core temperature distinguished between exposure temperatures but
not tasks, This criterion was the only measure tha; demonstrated a
significant interaction between heat and anagrams; when the task was
added to the neutral environment temperatures went down whereas they went
up when the task was added to heat, This could imply some relation of
mental (task) stress to the ability of the body to adjust to its thermal
environment,

Authors who have investigated the iv (Kalsbeck, 1968; Cahill, 1969)
and report the heart rates they observed have found that rates generally
increase with task while variability decreases. It could well be that
the task itself, moving the hands in writing or responding with the
feet to an audio stimulus, could be the cause. In this study, anagrams,
which necessitated writing, did have a significant effect (p < .05) on
heart rate. In both heated (95 F E.T.) and the neutral (71 F E.T.) en-
vironments the heart rate increased with the addition of task. This
significant change may be seen in Table 24 and Figure 7. The heart rate
scores, relative to the neutral plus anagrams (NA), were .25 in heat (H)

and ,29 for heat plus anagrams (HA).
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Future research, which inveolves even minor movements by the subjects,
should utilize control conditions on the task; one session would involve
'thinking' and the other would involve only the physical aspects of the
task. The need for such a hand-moving control cendition was demonstrated
by this experiment., Following such a procedure the mental and physical as-
pects of even the most sedate mental task could be differentiated.

The iv, as also reported by other authors, decreased with the addition
of stress, Significant reductions (p < .05) in both the standard deviation
and the coefficient of variation were observed when both mental (anagrams)
and physical (thermal) stresses were added, The absolute values of the
standardized (z) scores for the standard deviation were .14 (NA), .26 (H)
and ,31 (HA) and for the coefficient of variation they were .17, .21 and
.34 respectively, These three criteria, the heart rate, the standard de-
viation of the iv and the coefficient of variation of the iv, were the
only measures that could distinguish a mental task from a sedentary level
in both heat and neutral environments,

To examine further the relationships among heart fate, standard de-

" viation and the coefficient of variation product movement correlations

(N = 192) were calculated., The correlation between heart rate and standard
deviation was -,58, between heart rate and coefficient of variation it

was -.36, and between standard deviation and coefficient of variation

it was +.94, The iv criteria, standard deviation and coefficient of
variation, apparently give the same information. Only part, however, of
the changes in the iv criterion may be attributed to changes in heart

rate, From this it appears that factors other than rate effect the iv.
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From this correlation information it may be seen that the task
that the subjects perform may dictate the applicable criteriaj; some
mental tasks may be appropriately measured by rate whereas others may
dictate an iv measure, Future researchers would do well to evaluate
both heart rate and variability of the interbeat interval during tasks
until such time that the appropriate measure is evidenced.

The subjective measure was only able to significantly distinguish
between the neutral and the heated environment but as can be seen from
Figure 7 these differences were relatively drastic, The standard scores
went from .08 in the neutral plus anagram condition to .68 in heat and
.75 for anagrams in heat. These differences were much greater than
those demonstrated by the other measures. It appears that subjective
measures hold great potential in their ability to quantify or rank stresses,
With further refinement it could be expected that an appropriate measure
would evolve, They also have the ability of being readily attainable,

At the conclusion of the experiment subjects were asked for their
comments, Two subjects admitted that the presence of the confederate
forced them to work harder. The other subjects were noncommital, An-
other comment was that the subjective votes after the non-task conditions
was related to the social success of the group; if the subjects and the
confederate enjoyed each others company than the environmental stress
became secondary. From hindsight, this appears to be a valid criticism
and worth considering when subjects are exposed simultaneously and
certainly so when criteria may be related to emotions.

It should be noted that this thesis presents an evaluation of a

new physiological index of mental stress under conditions of both unpaced



mental and physical stress. Conditions invelving greater emotional
stress and various blends of paced and unpaced physical-mental stress

should present quantitatively different results,

69
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SUMMARY AND CONCLUSTIONS

This thesis presented an evaluation of the variability of interbeat
interval as an index of stress. This variabilitv has been generally
utilized to indicate mental stress (Kalsbeck, et. al 1965) with some
applications (Konz and Cahill, 1970) in thermal stress. Decreased
variability is associated with the addition of stress. Consideration
has not previously been given to a direct comparison between results
obtained by this index during the physical stress of heat, mental stress,
and a combination of the two, mental stress in heat.

Variability of the interbeat interval, the iv, has generally been
meas ured by Kalsbeck's variability score or by the standard deviation
or coefficient of variation, The coefficient of variation (a relative
variability measure) is the standard deviation divided by the mean and
thus it is a ratio of changing values. For this study the denominator
was the period mean as opposed to the mean for all periods in a conditicn
or the mean of all conditions, the subject mean., Comparison criteria
were heart rate, core temperature, performance during the task and a sub-
"jective measure during all conditionms.

The following conclusions were drawn from this experiment:

1. The iv measures, the standard deviation and the coefficient of
variation, decreased with stress. These criteria were able to disting-
uish a mental task from a sedentary level in both the heated and the
neutral environments.

2. Similar to the iv measures, the heart rate was able to disting-
uish the mental task from the_sedentary level in both exposure tempera-

tures, Heart rate rose with the addition of stress.
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3. The standard deviation and the coefficient of variation appar-
ently measured the same information. The correlation coefficient between
the two was +.94, between heart rate and standard deviation it was -.58,
and between heart rate and coefficient of variation it was -,36.

4, Core temperature of the subjects distinguished only between
exposure temperatures, No difference was established by this criterion
between the sedentary level and the mental task,

5., Performance was not effected by heat. Significant increase in
performance (learning) was demonstrated on the anagram task,

6. The subjective measure, similar to core temperature, disting-
uished only between exposure temperatures; no difference was demonstrated
between the task and the sedentary level by this measure,

In general this study shows that the variability of the interbeat
interval is a valid index of mental stress; it does decrease signifi-
cantly with mental'stress. Also associated with this decrease of the iv
was a significant increase in the heart rate, Both rate and variability
were significantly different with task and thermal stress, rate in-
creased and variability decreased,

It could be that the physical context of this task, merely writing,
was sufficient to increase the rate. This would indicate an extreme
sensitivity of heart rate to task, which could well be the case. This
author suggests that tasks used to evaluate mental stress be extremely
sedate or utilize control conditions.

The variability of the interbeat interval does show great potential
in its ability to objectively measure mental load. Of the criteria uti-

lized the variability and the heart rate measures were the only two that
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could distinguish both mental and physical stress. Much research is
needed, however, before this index is ready for use by itself. Some
important questions are still unanswered,

One implication of this study is that heart rate may be much more
sensitive than previously expected and thus in tasks involving minimum
physical activity, such as writing, heart rate may be just as valid and
a much more easily attained criterion than the iv, Future research
should be directed at answering this important question.

In this experiment a subjective scale demonstrated the potential
to evaluate mental stress. With further refinement subjective measures
should be able to distinguish levels of mental stress within a task.

At present the iv is an interesting research tool but until such
time that many studies document decreases in the iv without significant
increases in rate the variability of the interbeat interval will remain
a part of scientific knowledge rather than a useful analytical tool,

This author believes that iv will become such a useful tool.
Potential uses could be in the area of mental health, job placement and
perhaps even wage incentives, '"The future is only as vivid as your im-

agination,"



73

ACKNOWLEDGMENTS

This research was supported in part by a Project themis grant,
Performance and Life Support in Altered Environments, USAFOSR
F44620-68-C0020,

The author is grateful to his two major professors, Dr. Stephan
Konz, during the conception and proposal stage, and Dr. Corwin Bennett,
during the experimentation and write up, without whose direction and
guidance this thesis would not have been such considerable learning
process. The author also wishes to thank Dr. Kenneth Kemp of the
Statistics and Computer Science Department.

Thanks are due to Mr, John Black of the Mechanical Engineering
Department for continuous and at times lengthy support in maintaining
equipment,

The author also appreciated the efforts of Bob Brown who assisted
with the experiment and Jacalyn Horton and Marie Jirak who performed
the typing.

_ Finally, the author is much indebted to his wife, Mary, who spent

many quiet evenings without a husband,



74

REFERENCES

Angelone, A, and Coulter, N.A.,, Jr., "Respiratory sinus arrhythmia:

a frequency dependent phenomenon.'" Journal of Applied Physiology,

1964, 19, 479-482,
Anrep, G. V., Pascual, W., and Rosslet, R. Respiratory variations of

the heart rate. Proceedings of the Roval Society of London,

1936, CXIXB, 191-230.

Aurora, D. '"Physiological evaluation of an air cooled shirt utilizing
dynamic insulation," Unpublished MS thesis, Kansas State
Dniversity, 1970.

Berkun, M, M., Bialek, H. M., Kerns, R, P, and Yagi, K., Experimental

studies of phychological stress in man. Psychological

Monographs. 1962, 76(15, Whole No. 534).

Cahill, K. R, Physiological effect of mental stress. Paper presented
at the 13th Annual Human Factors Society Meeting, Philadelphia,
October 1969,

Clynes, M. Respiratory sinus arrhyvthmia. Journal of Applied

Physiology, 1960, 15, 862-874,
Davies, C. T. and Neilson, J. M. Sinus arrhythmia in man at rest.

Journal of Applied Physiology, 1966, 22, 947-955,

Ettema, J. H. On the scoring of sinus arrhythmia. In F.F. Leopold
(Ed.) Second Seminar on Continuous Work., The Bedford Group,
Institute for Perception Research, Eindhoven, Holland, 1965,
46-57.

Gaines, H, F. Cryptanalysis - a study of ciphers and their solutions.

New York: Dover Publications, 1956,



75

Gibby, R. G., Sr., Gibby, R, G., Jr, and Townsend, J. C. Effect of
stress upon rate of change of heart-beat rate. Perceptual

and Motor Skills, 1969, 29, 463-466,

Gupta, V. The physiological and performance responses with a water
cooled hood in a heat stress environment while doing creative
mental work. Unpublished MS thesis, Kansas State University,
1969,

Kalsbeck, J, W, H, Measurement of mental work load and of acceptable

load: possible applications in industry. International

Journal of Production Research, 1968, 7(1), 33-45.

Kalsbeck, J. W. H. and Ettema, J, H, Scored regularity of the heart
rate pattern and the measurement of perceptual or mental load.
Ergonomics, 1963, 6, 306-307.

Kalsbeck, J. W. H, and Ettema, J. W, Sinus arrhythmia and the measure-
ment of mental load, Paper presented at the British Psychological
Meeting, London, December 1965,

Konz, 5. and Cahill, K. R. Variability of the interbeat interval

of the IKG as an index of mental load., American Institute

of Industrial Engineers Transactioms, in press.

Konz, S. and Nentwich, H. F. A cooling hood in hot-humid environments.
Kansas State University Engineering Experimental Station, January
1969, Special Report 81,

Koster, W, G, Can perceptual load be measured? In F. F. Leopold
(Ed.) Second Seminar on Continuous Work, The Bedford Group,

Institute for Perception Research, Eindhoven, Holland, 1965, 96-100.



76

Koster, W, G, Scoring sinus arrhythmia. Publication of the Institute
of Perceptual Research, Eindhoven, Holland, 1966,

Meers, A. and Verhaegan, P. Sinus arrhythmia information tramsmission
and emotional tension, Paper presented at the 4th International
Congress on Ergonomics, Strassbourg, France, 1970,

Nevins, R. G., Rohles, F. H., Jr., Springer, N. E. and Feyerherm, A,
Temperature — humidity chart for thermal comfort of seated persons.

ASHRAE Transactions, 1966, 72, 283-291,

Rohles, F, H,, Jr, Thermal Sensation of sedentary man in moderate
temperatures, Institute for Environmental Research, Kansas
State Univeristy, June 1970,

Rohles, F. H,, Jr,, Nevins, R. G. and Springer, W. E. Temporal
characteristics of body temperature during high thermal stress.

Aerospace Medicine, March 1967, 286-290,

Santamaria, A, Background music on a mental task. Unpublished
MS thesis, Kansas State University, 1970.

Schouten, J. F., Kalsbeck, J. W. H, and Leopold, F, F.V On the evalu-
ation of perceptual and mental locad. Ergonomics, 1962, 5(1),
251-260,

Sharma, S. Physiological evaluation of an air cooled helmet system,
Unpublished MS thesis, Kansas State University, 1970,

Simondi, T. An investigation os sinus arrhythmia, MS Thesis, Air
Force Institute of Technology, Wright - Patterson Air Force Base,
Ohio, March 1969, GE/EE/69-17,

Taberne, G. and Koster, W, G. On the measurement of perceptual stress,
an evaluation of four metheds. Publication of the Institute for

Perceptual Research, Eindhoven, Holland, 1966,



Townsend, J. C. and Lindsey, J. F. Determination and evaluation of

rate measurements in the analysis of space medical data. Multi-

variate Behavior Research, 1967, 2, 63-70.

Wing, J. F. A review of the effects of high ambient temperatures on
mental performance., Aerospace Medical Research Laboratories,
Wright Patterson Air Force Base, Ohio, AMRL - TR -65-102,

September, 1965.

77



1.

2.

FOOTNOTES
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Physiological Measures by Subject
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Subject 1

Heart Bate Mezn Intorval Std, Dev, Cosf, of Core

Condition Period (Baatsfiin,) (Soe.) (sec.) Variation Tomporature
Neutral i, 76.4 0,795 0.0761 0.0970 92.0
& 70.5 8509 1223 A5l 98,0
3. 80,4 J7H57 .0808 1084 93,8
4, 72.0 8333 .09 1139 98.8
b 64,7 .9272 14 1245 98,8
6. 7.2 + 7559 0482 L0637 98,7
Mean  73.9 L8164 . 0207 1008 98,0
Neutral 1. 72.8 0.8233 0.0773  0.0922 93.7
and 2, 765 . 7833 .0381 L0487 98,5
Anaprams 3. €0.9 el 0827 0837 98,5
b, 65,0 <9090 . 0684 .0752 98.5
g. 62.2 0636 1029 1058 98,5
. 22.3 7225 0375 084 5 98,5
Mean 70.1 T.B853 , 0878 . 0756 93.5
Heat 1, 104, 5 0.5741 0,021 0,0422 99.1
2, 91.8 +6533 JO4EL 0595 99.2
3. 9%l 6175 0315 L0510 99,3
b, 101.1 « 5929 0517 .0873 99, Uk
S 93.3 U255 03284 L0501 93,5
6. €a,2 6717 R! 0712 22.7
Yean  97.% Sy L Okl SEL70 CERE
Peat 1, 79.2 0.7549 0,026  0,0325 93,8
girel 2. 91. kb 6560 0284 LOl3Y 98,9
Anagrams 3. £3,3 J7285 0302 Lokia  ° gg,0
L, 87,8 6828 032 JOEE2 09,0
5, 71.1 8133 .0704% 0832 92.1
6. 8.7 . 7020 0392 0251 98,7
Kean 83.1 7265 .0385 L0522 99.0
Subject Maa: £1.,2 0.755% 0.0595 0.0754 92,9



81

Subject 2

Hoart Hate Mean Interval Std, Dev, Coef, ¢f Core
Condition Pariod (bpm) (sec.) (sec.) Variation Temperature!r)
Feutrzl 1. 81.2 0.7384 0,0199 0.0270 98,5
2. 8S. b 6042 0324 . OL&7 98.3
3. 79.5 7538 0492 0653 98.4
4, 77.6 7732 0l L0588 98,3
5e 83.3 « 7720 . 0692 .0952 98,4
6. 84,0 .2;42 .OuﬁO L0625 93.§
Mean 82,0 7322 0435 .0595 9€.4
Neutral 14 81,0 0.7400 0.0495 0,0669 98.4
and 2. 80.7 J7U28 0391 0527 98,4
Anagrans 3. 84.3 L7114 .0223 0313 98,2
b, 22 . 7559 .0760 100k 98,2
2. 55.5 .??32 . .0?4? .gg#ﬁ 32.1
. 0.2 797 . 0154 L 0EN7 .2
Moan 80,2 « 7487 + 0512 .03?? 98.3
Heat i i24,0 0.4838 0.0243 0.,050% 08,2
2. 1571 . 51290 L0160 - L0312 98,5
3. 115.8 5180 0230 0455 98,7
b, 1o0l.1 . 5929 L0152 0257 98.8
5 116,2 . 5160 . 0249 . OU8Y 99,0
6. 117.3 . 5111 L0166 0325 99,1
Mean 115,3 0 52273 .0201 . 0389 Q8,7
Hest i, 102.2 0.5811 00,0199 0.03473 93,1
and 24 109.3 . 5976 L0165 L0278 08,2
Anagrams 3. 109.7 . 5466 L0188 L 02uL 98,0
4, 110,2 . Bl 0236 L0433 98.0
g. 1254 781 L0150 »0313 98,0
” 1158 5181 - .0085 L0164 98.1
Mean 110,8 WSR3 .01?:f L0313 98,1
Subject Mean 97,0 6363 0330 . 0494 98,4
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Sublozt 3

Heart Rate Mezn Interval Sid, Dev, Coef, of Core

Conditicn Pericd (bom) (sec, ) (zec,) Variztinn Temperatur~ (T)
Noutral 1s 79.2 0.755% 0.8516 0.1125 99.5
2a 73.7 8133 0471 0579 99.5
3 76.4 . 7846 0154 .0248 99.4
kL, 73.7 8133 .0188 0221 99.3
5. 52.9 8835 .0332 0820 99.4
6. 76.L 78256 L0457 0277 ol
¥ezn 74, .. 8CL0 L0516 ,0oL2 g3,k
Neutral i, 80,9 0.7415 0.0253 0,024 99,6
and 2. 79.2 «7559 .0292 038 99.8
Anagrams 3, 78,6 7630 . 0291 ,0382 93.5
b, 80.9 L7415 0199 . 0269 o02. 5
5. 83.6 Ay 0227 ,0331 99.5
é, 81,7 .2352 ; 0287 L0351 oo 4
Mezn 80,8 o 72k .0260 0350 99.6
Heat 1, 95.2 0.6300 0.0412 0.0454 99,4
2, 84,2 6950 ,0195% L0281 99,5
9, 104,0 « 5764 ,0196 0241 99.5
4, 1071 « 5600 0274 L0400 99,7
g- 10k.5 .2?41 0235 .0%09 99,7
. _28.7 _;3225 0253 L0417 99,7
Fean 99. 3 » 0?3 ® 0261 . 0’!}32 99 . 3
Hoat 1, 113,5 0. 528 0.020%  0,032% 99,8
and 2., 115,8 5180 . 0267 056 9.8
Anagrarns i N 1214 L9ho 028D .0:58 99,8
L, 1217 Lo26 0185 0277 99,9
5 120,9 L1960 ,016% 0325 100,
€. 130,1 JheD 0199 L0133 100.3
Mean 120,56 L4983 L0224 o 0L 5 100.2

Subject Mean 97.0 0.6269 0,03% 0.0:94 9,6
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Subject L
Yaart Rate Mean Interval Std, Dav, Coeff, of Corse
Condition Perind (br-) (scc.) (scc,) Variation Tamporature (F)
Neutral ; I 68.7 0.8733 0.0876 0.1004 98,9
2. 122 8300 . 0551 0712 $8.9
3. 63.5 JOU40 0763 .0808 98.7
L, 57.4 1,0440 .0768 .0736 08,7
5 67.3 8909 .0485 L0544 98,7
6. %F&Q .7909 . 0896 A1 98,9
Mean e .8953 .0730 .0823 98,8
Neutral 1. 65.7 0,9127 0.0561 0,0614 99.1
and 2. 23.1 .8200 L0386 . 0422 99,1
Anagrars 3, 75.5 - 27938 L0410 +0517 99.0
b, 74.3 8066 L0485 .0601 99,0
5 776 7723 .0396 .0513 98,9
6. 67.0 48945 . _W17367 .1528 98,8
Mean 72.2 »8333 0594 0699 99,0
Heat i. 80.5 0.7445 0.0533 0.0715 Q9.4
2 90,0 H666 . LT . 0606 Q9. b4
3. 88.2 .6200 0546 .03803 Q9.4
L, 01,0 L6585 L0247 +0375 99,6
5. 113,0 « 5405 L0l27 . 0805 99,7
6, 107.5 09527 ,0209 .0375 99,7
dean 95,0 6397 0394 +0013 9%.5
Heat i. 105.3 0, 559% 0,0218 0.0383 9,8
and 2. 103,0 « 5825 - L0198 L0340  100,1
Anagrams 3 1062 « 5647 0128 .0228 100,0
L, 109.3 « 5488 .0260 LOl73 ico,2
5 111.5 « 5377 0239 L0445 1co,b
6, 1113, o 520l . 0169 L0320 1005
Mean 108,1 o 5554 .0202 L0365  100.1

Subject Mean 93.8 0.6635 0.,0315 0.0625 99,4



84

Subject 5
lloat Rate Mean Interval Sitd, Dev, Cgeff, of Core
Condition Poried (bna) (see,) (s=2,) Varistien Tempersturs (F)
Neutral 1, 96,0 0,6250 0,0278 0,045 98,9
2. 84.3 7143 ,0458 L0613 98.9
3, 87.1 6885 Mo . 0109 08,8
b, 86.0 6971 L0471 0676 98,8
5. 78,6 +7630 .0575 0754 98,8
6. 83.3 . 7200 .0545 0757 08,8
lean 85.9 »7008 +OUL 5 . 0529 28,8
Neutral 1. 108.8 0.5511 0.021L 0.0570 98,8
and -8 101.1 « 5924 .0282 .OlU76 98,8
Anaerans 3. 104,0 . 5764 0195 L0231 98.8
L, 104,6 w5723 0188 0328 o8.7
2. 102.0 .5283 0182 .0309 98,2
i 106, . 5622 - L0001 016 98.9
Mear 10L,5 L 5760 .0209 .ogZﬂ 08,8
Heat 1. 98,7 0.6075 0.0156 0.0257 98,8
2, 95.6 6275 .0272 043 29.0
3. 97.9 612 .0185 .0302 99.0
b, 99.%5 .6023 .0215 .0358 99.1
5. 101.5 « 5905 ,0257 0L 24 £9,2
6, 111, . 5377 .0198 0259 99,8
Meen 100,28 5963 L0210 0350 99,2
Foat 1, 1071 0.56¢c0 0.0133 0,0272% 29,6
and 20 116,2 5157. .0122 0237 a9 .7
Anzgrars i 109,1 o 5oL JPE 0220 a5,8
b, 11,8 .5178 .0029 0172 99,9
g, 116.8 . 5160 L0120 0272 100,2
6. 1171 _ef120 0160 0212 10C.2
Mear. 1132.6 L5288 L0133 L0238 0g,0

Sutjeet Moan  101,2 0. 559 0, 0250 0. CLOL

D
D
°

e



Subject 6

Heart Rats Mean Interval Std, Dsv, Coeff. of Core

85

Conditicn Perizd (trm) (sec,) (s2c.) Variaticn Te-norature (F)
Neutral 1, 64,7 0.9272 C.0759  0,0818 98,8
2 £9.5 1.0080 L0711 .0705 08,8
3. éo0,2 0.9955 ,0831 .0835 g8.8
g. 52.5 1,0240 .0LC8 .0392 98.7
i £6.9 1.023% 15 JAL7 98,7
Moan 59-9 1.0& .G% |0833 98.?
Neutrzl €€,2 0.,9054 0,0572 0.0632 98,8
and 2. €6.2 905k 0572 0632 gg.8
Anagrems % 70.8 BUEE 0977 A1k 98.7
4, 72.0 +8333 0585, L0702 98,7
g. 26.2 9054 .%90 L0541 98,7
" 3.% .9381° 0430 .0kes 28,9
Mean 2 . 8890 . 0600 , 0887 08,8
Heat 84,0 0.7138 0,026% 0.0270 8.8
- 87.1 .6885 LOL1Eh. .0238 9.8
" 20,3 +6EL0 ,0168 .0295 99.0
L, .o L7142 . 0366 L0554 9E.9
5 94,1 6375 +0519 L0814 99.0
6. oL,1 6373 0229 0350 9.2
Mean 88,9 +0759 0264 0438 99.0
Heat 1, 101.6 0.59C0 0.0173 0.0293 99,4
and 2, 10&,8 5511 «D2193 0385 99.4
Anaprims 3. 1ibt.0 5221 . 0089 0171 99.5
b, 116,7 « 5140 L0261 .05C8 ©9,5
5. 118.1 « 5080 ,01283 . 0360 .90,L
6, 120.4 1080 0199  _,0209 99,8
Subject Mean ~ 82,4 0.7745 0,0UBt 0.0578 99.0
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Subject 7
Feart Ratoe Mearn Interval Std, Dov, Ceceff, of Cors
Cordition Periecd (brm) (sec,) (sra,) Variaticn Tamperatvrs (F)
Neutral . 85,0 0.7057 0.0358 0.05C7 99.2
D 78,6 7630 0368 <0480 09.2
3! 82'3 07285 .1220 51675 99'1
b, 84,6 .7085 JA232 <1739 99.1
g. 89.6 .2693 ‘ osgo .0987 99,1
. 82.2 6720 0761 .1133 99.1
Mean 84.9 .?0? 30? 0108? 9901
Neutral 1, 121.6 0.4933 0,0188  0,0382 99,1
and 2 81,7 7342 ,0388 .0529 99.0
Anagrans 3. 87.5 6857 LOL7lL .0692 99,1
4, 79.9 «7057 .0356 «OU74 99.0
2. 22.6 o 7257 0423 »0584 99.0
; 5,0 , ,gofg? ., 0324 + 0459 0
Mean 89. 7 . 825 ® 0359 s 0520 99' 0
Heat 1. 121.9 0.4920 0,0183 0.0372 99.4
2. 118.7 « 5052 0296 .0585 99,7
¥a i10.4 5431 0455 .0838 99.7
L, i00.3 « 5975 0804 A48 69.9
Se 116.8 5135 <0297 0579 99.8
6. 113.0 . 530 0218 LOl12 100.3
Mean 113.5 «5303 .0390 0714 99,8
Heat 5 80.3 0.7465 c.0188 0,0252 99,4
and 2. 81.0 . 7800 0200 0270 99,5
Ana.grams 3. 111 :? 05368 .019? .036? P lu’
g. 112.8 «5178 .0089 0172 99.4
. 116.3 .gig? 0122 L0238 9.k
Mean 102.2 6021 00105 .0329 g9,
Subject Mean ~ 97.6 0.6307 0.0428 0.0662 99,3 °
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Subject 8

£ Haart Pute Mean Interval Std, Dsv, Coeff, of Core
Condition Peried (brm) (see, ) (see,) Variation Temperaturve (¥)

Neutral 1s 4.6 0.8033 0.0256 0,0318 99.0

2. 62.5 .9600 «0000 »0000 98,9

3. 65.2 »9200 02141 0262 98.9

I, 59,7 1,0040 0768 0765 98,9

N 67.6 8872 0230 0252 99.0

6. 72.2 .83007 .0238 0285 9.0

Neutral 1. 64,2 0.9345 0,0192 0.0206 98,9

and 2, 65.4 9163 (0317 L0346 98,8

Anagrans 3. 62,2 o640 0377 .03091 08,7

L, 61.4 «9760 .0512 0524 08,7

g. 29.E i.OiZO .0228 .gggé 98.5

. 3. Okl . 0460 » 98.4

Mean 2 . 580 <0399 .Oll'it«!' 98. ?

Heat 1. 82,6 0,7257 0,0450 0.0620 a9, &

2, 78,0 7692 .0802 J083 99,6

3, 90,0 6600 021y L0371 99,7

b, 85.3 .7028 0108 . 0281 99.8

5. 70 . 8061 0213 L0264 99,8

6, 120,0 .gOOO . 0250 0501 100,1

Mean 88,% «6939 «0359 .0513 29.8

Heat 1. 83.6 0.7171 0,0237 0.0331 99,4

and 2 78.3 7661 0264 0345 99,5

A-nagmms 3- ?u’vé * 8033 . 0303 . 03?8 990 b

L, 80,9 S5 0500 0808 99.L

5. 85.0 « 7057 .0101 0271 jelo ]9 3

vn B3 T ks oM %

Subject Mean 74,8 0.8237 0,0339 0.0415 99,2
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Subjective Measvve Yy Conditicons
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Votas

Conditicn Sublfect Genaral Temrerature Task Subject Mean

Neutral 1 L8 48 48 48
2 40 40 09 30

3 09(17)* 09(09) 09(69) 09

4 ko(09) 09(ko0) ko(40) 30

5 09 1?7 09 11

6 00 co 00 00

7 17 17 17 17

8 0 0 7 %

Kean 20 18 19 19

Neutral 1 43 48 48 48
-and 2 27 Lo 27 31
Anagrams 3 09(27)* 09(09) 09(09) 09
' b 09(09) 17(17) 09(40) 09

5 4o 17 - 27 28

6 7 00 Lo ia

7 17 17 69 34

8 0 0 ©

¥ean 21 19 30 23

Heat i 87 87 L8 4
2 87 92 87 (]

3 27 L8 17 A

L 87 - 87 L8 74

5 4o L8 (44] 29

6 Lo 17 L8 55

i £ F 2 £

Hean 58 'E% % 55

Heat 1 L8 87 48 61
and 2 48 g7 ol 70
Anagrans 3 27 87 09 L1
4 87 87 48 74

5 87 87 Lo 71

6 27 Lo 09 25

8 2

Mean ?g 76 5 f’-'_S'

* data from Tue. p.m. run
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Confoderate (with Subjects 1 and 2)

Heart R=te foan Interval Std, Dav, Cosf, of Coras

Cordition poried (beats/min,} (sce.) -~ (sec,)  Variation Temrev:+tiras
Nettral 1 85,3 0,7028 00,0751 0.1069 92,0
2 82.5 7257 0722 0995  0R.0
3 90,0 6686 .0559 .0831 08,2
b 80.5 TS 0761 1022 98,8
5 81.7 7242 .0998 1359 9.0
6 86. 6023 1870 2265 87,0
Mean t 0.7112 0.069% 0.1728 G

Neutral 1 75.5 0.7938 0.1073 0.13=2 og,7
and 2 83.3 . 7200 1035 14730 QR 6
sgrans 3 77.0 C o 7784 Jd071 1276 98,5
L eL,0 L7182 1179 1875 98,5

5, 84,0 J7138 1339 1875 985

6 85.7 .7000 1487 .2124 QR &

Mesn 81, 0,7247 0.1197 0.1636 €5 .3

Heat 1 100,7 0,5952 0,0188 0.0316 09,1
2 106.2 . 55l .0125 0222 09,2

3 98,4 6004 ,0218 .0358 99.3

L G6.7 6200 0529 .0853 99, L

5 100,8 L5410 0540 . 0099 c2,5

6 1084 5533 03733 . OF02 09,7

Mean 103.6 0. 5205 0,022 0.0558 G5 el

Heat ;) ok, 1 0.6373 0.0722 0.1133 98.8
and 2 95.6 6275 <0550 .0893 98.9
Anzgrams 3 96.3 - W6225 .0509 ,0818 98,9
b 98.0 6117 -09L8 «1559 29.0

5 100.3 . 5976 . 0564 1112 2,1

6 112,0 « 5355 .0105 L0264 93,9

Mean CENN 0.6053 0,0600 0.0973 C8 .t

Confedarate Mazn 92,2 0,655 0.0753 0.1102 Gilel
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Confederate (with Subjects 3 and U4)

Hdart Rate Mean Intarval Std., Dov. Coc?, of Cera

Condition Period (beats/min.) (ses.) (cec,) Variation Temperat»ra (F)
Neutral 1 54.8 1.0933 0,042 0,022 9942
2 75.3 0,7965 0576 .0723 92.1
3 56.7 1.0577 321 JA249 92,2
L 58,1 1.0320 .0392 0279 g9.1
5 59.2 1.,0120 0820, .0811 00,1
6 63,2, 0.9480 L0947 0229 99,1
Mean 1.2, 0.9%99 0.0753  0.078% 95.1
Feutral 1 66,5 0.9018 0,0199 0,0221 23,3
and 2 68.1 . 8800 .0241 L0274 92.3
Aragranms 3 67.3 . 8909 0514 0577 g9.4
b 68,7 8733 0319 0356 99.2
2 29.3 .8254 . S0ie2 .0322 92.2
. .05 ,0519 0500 99.2
Moan 8.2 0.8794 0,0331 0,037 9C.5
Eeat 1 89.4 0,6705 0.,1135  0,1693 QoL
2 85,5 6933 0834 120k 90,4
3 91.0 L6585 0322 . 0189 0oL
L 102.8 .5835 0000 S92 99.6
E 103.2 L5911 0242 L 16 92,7
6 117.6 L5100 .0173 03720 02,7
Fexn 98,k 0.6162 0.0518 0.0976 [PI;
Heat 1 1144 0. E2hk 0.0226 0,042 99,8
~ and 2 125,0 14800 .0219 J0LES 29,8
Anagrams 3 128.5 L6686 . 0498 1069 99,8
L 130.2 L6086 .0199 .0k33 102,0
5 133,6 L1900 L0167 .0373 100,1
6 134,6 Judel L0367 .0825 169,53
Mean 127.7 0.4710 0.02€0 0.0508 100.0

Confederate Meon 88,9 0.7391 0.0405 0.04678 CC.h



Confederate (vith Subjacts 5 and 6)
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Haart Pate Mezw Interval Std., Dev, Ceoef, of Core
Condition Peried {(beats/min.) (seec.) (Sac.) Variction Temperatunres
Neutral 1 72,2 0.8300 0.040% 0,0486 98.8
2 66,8 0.29%1 20199 0221 98,9
3 72.5 0.8266 .0340 L0411 98,8
L 62.5 0.9600 «0525 .0527 98,5
g 73.8 0.8123 LOhsh 0559 98,7
gz.z. 1.0740 . DL8S] L0471 98.2
Yean. ?o 0. 8933 000393 OI 0"’1&3 SU.7
Neutral 1 79.5 0.7542 0.0140 0,0185 98,8
and 2 80.2 7476 o184 0247 g8.8
Anagrans 3 80,7 L7428 o OLlib 0600 98,7
4 75.2 . 7959 - 0245 0309 98,7
5 75.8 . 7507 0168 0213 98.7
Mean 78.1 0.7085 0.0230 0.0302 08,8
Heat 1 80.2 0.7476 0,0672 0.0%90 08,2
2 89.6 6693 .0U472 0706 99.0
3 74.6 .8033 .1088 «1355 99,0
L Q0.3 JE6Lo 0770 1159 g0.0
2 132.5 '7223 . 0693 .0931 99.2
. .0 1<v'.,-..,. 5 .0299 -0509 0:9. 6
Mean 86,2 0.7028 0,056€6 0,0326. 99,1
Heat 1 103,54 0, 5800 0,0209 0.0344 99,5
and 2 105.3 . 5594 .0292 L0512 9%.5
Anagrars 3 114.9 + 5220 .0153 0294 99,6
5 135.8 1R ,0083 0188 0.4
6 120.4 JloRo .0199 L0399 99,9
Mesn 116.2 0. 5202 0,0190 0.03%0 59,6
Confedersts Mean 87.0 0.7213 0,0371 0.0508 09,0
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Confcderate {with Subjects 7 and 8)

Heart Rate Mean Interwval Std, Dev, Coef, of Cora

Conditisn Pariod (beats/min.) (=-2,) (sec.) Variztion Temparaturn
Neutral 1 59,5 1,0080 0,0890 0.0883 98,8
2 63.2 0.9490 . 0684 .0720 98,8
3 65.4 0.9163 .0l65 .0508 98,9
L 57,0 1,0520 0877 .0834 98,9
g 63.9 0,9381 .0;21 .0556 92.0
%0.5 0.8%00 . 0493 L0580 a.0
Mean 3.2 0.9:522 0.0655 0.0gBO 90.9
Heutral 1 68.9 0.8700 0.1179 0.1355 8.9
and 2 7.4 . 8400 . 0885 1055 98,9
Anagrams 3 69,2 . 85666 ,1087 Jd254 98,7
v 67.3 .8909 .0299 0336 98.7
5 66.0 .2090 0345 0379 98,5
6 68, .B??z 0274 L0314 98,4
Mean 8. 0.87590 0.0678 0.0782 98.7
Heat 1 123.5 0.4857 0,0140 0.0288 Go. kL
2 119,0 . 5040 L0344 0882 99.7
3 122 .4 14900 .0173 0353 92.7
L 118.1 . 5089 L0b21 .0829 03,9
g igg.S .253? .0f09 . 2;; 199.8
i . 5060 0100 .0 00,2
Yean 118.2 0, 5086 0,02L5 0. 04ek 99.8
Heat 1 o4,9 0,6320 0,0747 0.1182 99.4
Anagrans 3 ou.8 6325 . 0405 . 0541 09,4
L 103.2 . 5811 .0169 L0243 99.4
5 110.5 <5428 .0198 0350 99. L
6 118,5 . 5060 .01¢0 0377 09,k
Vean 103.7 0.5220 0,0318 0,0¢32 99,4
Corfederzte Mezn 88,5 0,7235 0,0475 0, 0320 av,.2
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Confederate Vctes

Vote ¥y Corndition

Subjoct Group Confederate
(Confedorata with) Condition General Temperazture Tack Mezn
1 and 2 Neutral () (0] b 474 09 i1
Neutral and
Anagrams (NA) 40 17 09 22
Heat (H) 87 87 48 7l
Heat and
Anagrams (HA) 48 09 09 22
3and B N Le(o2)* 17(17) s8(c0) 38
NA 48(27)  17(ko) 4e(27) 38
H 87 &7 Lo 71
A g7 87 TH &
5and 6 Y 00 00 (0] 03
NA 17 00 09 09
B © L8 L8 Lo kg
HA L8 87 .9 - 18
7 and 8 N 00 co 09 02
K& 09 ce 09 06
H Lg Le 09 25
HA 40 L8 27 38
Confederate ~-
Mears 1 14 02 . 17 14
EA 29 co 19 19
H 68 é8 n 55
Moo 5 s 17

* Data from Tucs. P.M. run
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ABSTRACT

The variability of interbeat interval, the iv, was evaluated from
EKG data to determine if it could be reduced by mental stress, physical
(thermal) stress and the two combined, mental stress in heat. The
criteria of variability were the standard deviation and the coefficient
of variation while comparison criteria were core temperature, heart rate,
productivity and a subjective measure, Eight subjects and a confederate
were exposed in groups consisting of two subjects and the confederate, to
four conditions,

The conditions tested consisted of two thermal environments, one a
neutral environment of 75 F (23,8 C) at 60% relative humidity (71.0 E.T.)
and the other a heat stress enviromment of 110 F (43.3 C) at 50% relative
humidity (95,2 E.T.). In each environment all subjects were both se-
dentary and performing a mental task, anagrams. The four conditions
tested were neutral (N), neutral plus anagrams (NA), heat (H), and heat
plus anagrams (HA).

The following significant (p < .05) results were obtained:

1, Variability was reduced with the addition of both
mental and thermal stresses.

2, Heart rate increased with the addition of all stresses

3, Productivity did not decrease in heat

4, Core temperature and the subjective measure increased
in heat but were unchanged by task.

The standard deviation, the coefficient of variation, and the

heart rate were able to distinguish the mental task from the sendentary



level in both the neutral and the heat stress environments. Core temper—
ature and the subjective measure were only able to make the environmental
distinction.

In general, both the heart rate and the iv criteria gave the same
information, From this, it is suggested that studies investigating the

objective measurement of mental stress utilize more sedate tasks or con-

trol conditions.



