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FOREWORD

The research discussed in this report was accomplished as part of
the Maintenance Enginreering Graduate Program conducted jointly by DARCOM
Intern Training Center and Texas A&M University. As such, the ideas,
concepts and results herein presented are those of the author and do not
necessarily reflect approval or acceptance by the Army.

This report has been reviewed and is approved for release. For
further information on this project contact Dr. Ronald C. Higgins, Chief
of Maintenance Effectiveness, Red River Army Depot, Texarkana, Texas.

Approved:

Dr. Ronald C. Higgins, Ce
Maintenance Effectiveness Engineering

For the Commander

/JamesL. Arnett, Director
ntern Training 'Center
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ABSTRACT

Research Performed by Martin E. Winkler

Under the Supervision of Dr. R.S. Morris

This paper is a report of research designed to investigate the effect

of repeated glare on human performance of a tracking task.

The experiment used an EAI 680 computer to create the tracking task

as well as to record the experimental data. Subjects were dark-adapted

for thirty minutes and then performed the tracking task for a half hour

run period. During the run the subject experienced four flashes from a

glare source. A control run, with no dark-adaption or intermittent

flashes, was performed by all five subjects. Performance was measured

by the time required to reach a predetermined level of error, while a

biological factor was measured by the lowest galvanic skin resistance

value during the time period prior to reaching the error level.

Statistical analysis showed both the flash-time factor and the

condition flash-time interaction to be significant at the 95% level of

confidence. Graphical analysis showed the subjects' performance to

increase with time while operating the tracking task under the glare

condition.
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CHAPTER I

INTRODUCTION

In many aspects of man-machine relations, vision is an important

physical criterion. Be it repairing, operating, or installing, vision i•

often necessary for successful completion of the task. In realizing this,

man has made great efforts to ensure proper lighting, However, as is

often the case, solving one problem tends to either create or compound

another.

The nighway lights on an automobil.- are of great service to its

driver, but to the driver of an oncoming car, they can be just as great

a problem. In a Minnesota roadside study it was found that highway

traffic accidents were higher in areas having more glare sources (17)*.

Highway sections having higher frequencies of intersections and advertis-

ing signs, also showed higher accident rutes. A common factor of all

the higher accident areas was a greater number of glare sources; both

reflected from the road signs and scattered from approaching cars.

The problem to be investigated in this paper is that of the effect

of repeated glare of high intensity flashes on human performance. A

tracking task was employed to stress tho subjects, with the time to reach

a predetermined level of error and galvat ic skin resisl'ance used as two

separate measures of the effect.

The design of the experiment includes a control group, as well as,

an experimental group. Both groups underwent the same procedure, with

only the intermittent glare soirce removed for the control group.

*rNumbers in parentheses refer to citations in the Li;t of References.

I
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The test involved the use of a number of dark-adapted subjects to

operate a two dimensional tracking simulator under a normally low level of

illumination. In its final configurationl the tracking-simulator was a

Cathode Ray Tube (CRT). The target to be tracked was an illuminated dot

which moved about the center cross-hairs of the CRT in a random manner.

The subject, seated approximately two feet from the CRT, used a joy stick

with two degrees of freedom to track the target deviations. The subject's

displacement of the joy stick in the proper direction causes the target

to move to the intersection of the cross-hairs at the center of the screen.

Since the target was continuously driven along a random path, it was

necessary for the subject to make similarly continuous movements with the

joy stick to keep the target at the center of the CRT (zero positioning.

At intervals throughout the test, a high intensity whitelight was flashed

in the subject's line of sight. If at any time the subject allowed the

target deviations to exceed a predetermined displacement, a buzzer sound-

ed and continued to do so until the target was back within the allowable

range. The bu:,zer served as additional feedback to the subject and pro-

viJed an additional stress.

The subject's performance, total buzzer time, and galvanic skin

resistance were monitored for future analysis. Finally, the subjects

completed a questionnaire concerning the trackiig task.

I.i
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CHAPTER II

REVIEW OF LITERATbRE

Bartlett (1951) reported that a group of RA.F. pilots were studied

in simulated Spitfire cockpits. The most significant finding of this

study was the general tendency for an increase in errors at the end of a

flight. "A tired airman, it seems, has an almost irresistible tendency

to relax when he nears the airport." (19) This condition could be ex-

plained by the inverted 'U' curve (Figure 1).

The Inverted U Hypothesis states that as stress increases, the re-

sulting arousal increases, and performance consequently improves up to an

optimal point, and thereafter declines. This relationship between stress

and performance is entirely qualitative. Its use is therefore limited to

detecting trends and patterns in data obtained under closely controlled

co=iditions. Also, very little is known as to how the optimum point moves

(or even if it does) as a subject's arousal is raised and lowered succes-

sively over a period of time. (25) For this experiment the inverted U

curve may offer an explanation of time related changes in performance,

pending the conditions of those changes.

Any experiment that places a demand on a subJect over a period of

time must consider fatigue as a possible factor. Fatigue can be of two

types; muscular or general. General fatigue is defined by different

authurs according to either the caustive factors or the particular affect-

ed physiological parameters, Visual fatigue, nervous fatigue, and fatigue

caused by monotonous work are all specific classifications of general

fatigue. (10)

McFarland has shown that, although fatigue is different for the

3
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different physiological systems, it is possible to fatigue other seeming-

ly unrelated systems through the application of stress at some other

point in the blo-system. (20) This result can be seen in experiments in-

volving very exhausting work. As an example, it was found that, in

severe exercise on a bicycle the subject's adaptation and mental perfor-

mance deteriorated as well as their physical ability to operate the bicy-

cle exercise. This result indicates that any fatigue determined to exist

during operation of the tracking task may be the consequence of some fac-

tor other than the said operation.

Krivohlavy (19) in a paper dealing with fatigue in industry, cited

numerous studies which utilized vision as a measure of fatigue. Speci-

fically, it was found that pupil diameter, as well as visual acuity,

showed a marked decrease over time during fatiguing activities. Krivoh-

lavy found that vision tests measuring perceptual performance in a self-

paced situation, taken at various times during a work shift, steadily

diminished during the shift. The question left unanswered by Krivohlavy's

study is, whether fatigue of the musculature is being measured by czanges

of the visual capabilities or if it is actually the visual system which is

being fatigued. This experiment uses statistical methods to determine

what factors effect the subject's performance.

Of studies concerned with the consequences of adverse lighting, few

consign fatigue as a direct function of improper illumination. Numerous

highway studies have examined the relationship between proper street

lighting and accident rates but again, most are reluctant to consider

driver fatigue as the result of too much or too little lighting.

Efforts to measure fatigue by performance have, in the past, been

relatively unsuccessful. C. Cameron (5) stated in a report on fatigue
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that a driver shows no significant deterioration in performance until

after he has been working continuously for periods of 16 to 20 hours.

Numerous other test results show similar time intervals. It seems then,

that initially the effect of fatigue is somehow hidden from simple perfor-

mance measurement. Some experimenters suggest that in laboratory studies

subjects tend to compensate for adverse conditions such as lighting by

trying harder. In a report dealing with fatigue in modern life, (20)

McFarland states, "What is needed to prevent masking of fatigue is a com-

bined measure of both speed and accuracy." Tn compcnsate for this result

the subject's galvanic skin response (GSR) was monitored during the ex-

periment investigated in this paper.

In a paper for the Texas Transportation Institute, a drivers GSR was

monitored while the drivers operated their automcbiles over roadway sec-

tions of various illumination levels. (?) The results showed that in-

sufficient, as well as excessive roadway lighting, affected the drivers'

galvanic skin resistance.

The GSR, when used properly, can be an indicator of central nervous

system events. In 1888 Ferg demonstrated that rapid fluctuations in skin

resistance could occur in response to emotional stimulation. It is

currently thought that these fluctuations are due to a change in the

total permeability of a selective cutaneous membrane in response to the

arrival of impulses carried by cholinergic sympathetic nerves. (4)

The GSR can, in addition to its emotional information, indicate levels

of arousal. Higher levels of arousal are accompanied by lowered skin re-

sistance. Changes in electrodermal reflex are rapid, usually requirinq

fractions of a second to reach peak values. This rapid response to a

given stimulus is in itself another measure of a subject's
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psychophysiological state. Ryan and Warner, investigating fatigue and

its effects in car drivers, found that fatinlie caused a delay in a sub-

ject's galvanic skin response. (10)

I



CHAPTER III

EXPERIMENTAL PROCEDURE

This chapter presents a description of the methodology and equipment

used in this experiment. In addition, a presentation of the related

statistical methods is included.

Equipment

The subject views the target from a Tektronix Type 556 Dual-Beam

Oscilloscope. Seated approximately two feet from the face of the scope,

the subject uses a two-dimensional joy-stick to hold the target at the

center of the screen. The target is driven by two random signal

generators through an EAI 680 analog computer. A circuit diagram is

shown in Figure 2.

This circuit has three basic divisions; the display circuit, the

error circuit, and the GSR circuit.

The display circuit originates with four track-store amplifiers

sampling two random noise generators at a rate of 1.67 samples per

second. This random signal is then added to the subject's input. From

this point it is integrated and inverted before being displayed through

the oscilloscope cross-plot.

The integration operates at a rate of one volt Per second per volt-

input with the oscilloscope set to scale one centimeter for every two

volts-input. Consequently, the target moves at a rate of 0.83cm/sec

per volt-input to the integrators.

The error circuit sums the subject's signal and the random signal

and calculates the two dimensional mean-square error. When the

8
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accumulated mean-square error exceeds 0.25 the comparator puts the time

ramp in the hold mode while the digital part of the 680 computer reads

this value from the time ramp. Once this operation is complete, the

error circuit is zeroed and operation is started over. The time ramp

and error circuit is also zeroed through the use of a push-buttor any

time a flash from the Porta-Glare occurs. The error circuit also

measures the target's distance from center. When target distance from

center exceeds one centimeter in any direction, a parallel error circuit

sounds a buzzer. The total amount of time the buzzer operates during a

run is determined by the use of another time ramp.

Tne GSR signal is determined by the ten volt complement of the vol-

tage drop across the subject's middle and index fingers. At the start

of a run this signal is adjusted by use of a hand-set potentiometer to

fall in the range of 1.0 - 1.5 volts. The remaining GSR circuitry

determin,.- the peak value obtained during each perturbance of the error

circuiL. This peak value is recorded along with the time to error data

point.

The digital program used to control the analoq circuitry is listed

in Appendix A. In addition to recording the data this program sets key-

board potentiometers and provides preliminary data analysis. A sample

output is included with the programs.

Experimental Conditions

The operation is first explained to each subject prior to a practice

run. These runs are continued until the subject is able to control the

target without sounding the buzzer for ten consecutive minutes. At this

time the GSR electrodes are attached and from one to three runs are made
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depending upon allowable time. Runs lasted thirty minutes and took place

at all times of the day, depending upon the subjects' availability. Con-

trol runs were preceded by thirty minutes adaption time. A minimum of

fifteen minutes rest was given between consecutive runs. Following the

last run each subject filled out a questionnaire (Figure 3, page 12)

Prior to any run, the subject's part in the experiment is reviewed.

This is done by reading a set of instructions (Figure 4, page 13) to the

subject. The room was then darkened to effect dark-adaption of the sub-

ject's ocular system. After thirty minutes the buzzer is sounded to

notify the subject of the end of the dark adaption period and the begin-

ning of operation. The first three minutes of operation are used to re-

familiarize the subject with the tracking task. After this time the

subject is again notified and the actual run begins.

Runs lasted thirty minutes. During this time, four flashes of four

second duration and 800 foot-candle intensity are given from a Porta-Glare

unit placed 22 degrees above the subject's line of sight. These flashes

occur at five minute intervals with the exception of the last, which

comes after a ten minute delay. See time line shown below in Figure 5.

10 15 20

FIGURE 5

RUN TIME LINE (IN MINUTES)
( € INDICATES FLASH)

Experimental Design

The experiment for this inve:tigation is a three factor, Latin

square design involving both fixed and random effects. (18) The condition
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Subject Number

Name Sex

Date Tested Age

Time of Test

Amount of Practice Time Does the Subject

Practice Sample Mean Wear Glasses

Practice Standard Deviation Wear Contact Lens

Smoke

Drink

If yes, when was

last time

Po.t Run Questions

Did you feel fatigued during a run

If so, when

What effect did the glare have

What effect did the buzzer have

Did you lose sight of the grid

Did you lose sight of the dot

If so, when

Was any color better than the other

Best

Worst

COMMENTS:

FIGURE 3 DATA SHErT 1
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At the beginning of the experiment you will be qiven thirty minutes

in which to beccme accustomed to the control of the equipment.

The control stick at your right hand controls the novement of the

dot on the screen. If you move the stick back the dot moves up, if you

move the stick forward the dot will move down, moving the stick to the

right and left will cause the dot to move in that direction. Your objec-

tive is to hold the dot on the cross hairs of the screen, or as close as

you can.

At the end of your practice run you will be placed in a darkened

room for about thirty minutes in order to allow your eyes to become dark

adapted. After this timae the buzzer will sound and you will be given

two minutes of practice time, and then the operators will place the

analog computer into the initial condition mode for fifteen seconds.

This will move the dot to the centtr of the screen and hold it there. At

this time the machine will be placed into the operate mode and will begin

taking data.

During the run there will be from two to five flashes, with each run

lasting approximately thirty minutes. At the end of the run an operator

will change the filters on the screen. You will then be given a short

rest period to readjust your eyes to the room and the next run will begin.

If you have any questions ask the operator at this time.

FIGURE 4

INSTRUCTIONS

SHEET 2
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sequence for each subject is determined by first assigning each condition

a numerical range. Conditions are then assigned, using a random numbers

table, subject to the stipulation that each subject must experience each

experimental condition. The resulting Latin square is shown in Figure 6.

All subjects used were selected from engineering graduate students.

With this experimental structure the subjects are not considered as

repeated samples. Rather, each subject is treated as a differant experi-

mental level. The repeated factor within the blick is the flash from

the glare source. Data points shown in the block of Figure 6 rep:^esent

the number of perturbances from the start of the experiment to the time

of the flash.

For puvDoses of analysis, the subjects are later treated as repeated

samples In this case the data is standardized for each subject-

condition.

Statistical Methods

For this experiment the error term is represented by the value of

T in the equation:

K = IT (X2 (t) + Y2 (t)) dt

0
where

K = predetermined level of error (0.25),
T = time to error,
X2= X component of mean-square error as a function of

2 time,
y2= Y component of mean-square error as a function of

time.

The first step taken in analyzing the data is to determine the cor-

responding statisticdl distribution for the variable T. A plot of ranked

T values, on normal probability paper, obtained from subject number four,
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SUBJECT NUMBER

FLASH 001 002 003 004 005

1st C 16 R 19 0 15 W 31 B
2nd 0 33 37 31 63
3rd N 47 Z6 45 95
4th T 81 93 77 159

II 1st 35* 0 15 B 22 W 27 R C
2nd 61 32 43 40 0
3rd 85 47 62 107 N
4th 129 77 101 129 T

III 1st 29 B C 18 R 19 0 30 W
2nd 53 0 39 40 51
3rd 74 N 58 59 76
4th 117 T 95 104 124

IV Ist 23 R 16 W 17 B C 28 0
2nd 46 33 33 0 54
3rd 73 49 48 N 84
4th 120 65 81 T 138

V ist 27 W 17 0 C 13 28 R
2nd 50 34 0 29 57
3rd 70 51 N 44 83
4th 110 84 T 73 143

0 = Orange Red

R = Red
B = Blue

W = White

CONT = Control

* Numbers indicate the value of the subscript i of T. corresponding to

ist, 2nd, 3rd, and 4th flash respcctively.

FIGURE 6

EXPERIMENTAL BLOCK DESIGN

I
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shows that this distribution is approximately normal (see Figure 7).

Appendix B contains a program to rank the data and plot a frequency histo-

gram for the control runs. By comparing the histogram plot for subject

number four to the histograms (also contained in Appendix B) for the other

subjects, it can be shown thatt the data taken is approximately normal

for all subjects.

The next step in the statistical analysis is to combine a series of

the T values to obtain new data. This new data represents thi frequency

cf errors in consecutive 275 second intervals for each subject condition

level and is given by Y in the equation:

I
Y = I/( T. >T 275)

At this point an analysis of variance can be done to determine what

factors have an influence on a subject's performance. The first model for

analysis (model 1) is a three factor, mixed mode, with no replications.

The statistical metrod for this analysis is described in Chapter V of

Statistical Principles in Experimental Design by Winer (26).

As applied to this experiment, Winer proposes two experimental

model s:

(i) Yijk = + Si + Cj + Fk + SCij + SFik + CFjk + SCFijk + Fijk

(ii) Yijk = + Si + C. + Fk + SCij + SFik + CFjk + cijk

Equation (ii) is termed the additive model, whereas (i) is considered

the non-additive model. Thc term "additive" implies that the components

of the three-factor interaLti,'n are homogeneous and may, consequently,

be considered as an estimate uf experimental error.

To determine which model should be used, the variation due to

i t



17

It It-

F '. LIi LLi

144

34

ILo C.'
Wty-

c=3V %~. ,. LCD

I-, , , , , , , $ , , 9

-4- -"-



18

sources other than main effects is divided into two parts. One part,

called nonadditivity, corresponds to the linear x linear component of

the SCF interaction. The other part, called balance, is what is left.

If the nonadditivity component is significantly larger than the balance,

it is determined that the three-factor interaction estimated a source of

variation different from experimental error. In this case model (i)

"would be chosen. if model (ii) is chosen, then the triple interaction

term, SCF, is considered an estimate of experimental error.

For this experiment, model (ii) is found to be the most appropriate

when tested at the 0.95 level of significance. The program to find the

appropriate model and the Analysis of Variance table is shown in Appendix

C.

The results of this test show the subject to be the most significant

factor affecting the data. In an effort to remove this subject effect,

the data is standardized for each subject-condition. The standardized

subjects are then treated as repetitions. Figure 8 is a sketch of this

new model (model 2).

CONDITION (j) 1 < j < 2

FLASH-TIME (k) 1 _ k <_ 6

SUBJECT (i) 1 < i < 5

FIGURL 8

MODEL 2

The datd is standardized by finding the mean and standard deviation

for each subject-condition and using them in the equation
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-E(Yj.i))I,. Standardizing the data in this manner does not

remove the underlying effect of the control condition, but rather, puts

the subjects on the same level.

Once the data is in this form, the model shown in Figure 8 is

analyzed as a two factor mixed model. The program for this analysis,

along with the corresponding results, is in Appendix C. These results

show the condition sum of squares equal to zero. This is due to the fact

that the mean of standardized data equals zero.

ii



CHAPTER IV

RESULTS AND DISCUSSION

The results of the analysis of variance, of experimental model one,

are tabulated in Table 1. From these results the mathematical equation

for model one is derived. Any factor (tabled under the heading SOURCE)

whose calculated F value exceeds the value of the F statistic at the .05

level of significance is included in the model shown below:

Yijk = 4 + Si + Fk + SCij + CFjk + SCFi k + Eijk (1)

The most significant factor of this model is the subject. For this

reason the analysis of model two was deemed advisable.

The results of the analysis of model two, as described in chapter

three are tabulated in Table 2. This table shows both the time factor, F,

and the condition x time interaction term to be significant at the .05

level of significance.

The resulting mathematical equation for model two is:

Yjk(i) : + Fk + CFJk + Ci(.k) (2)

If the terms involving the subject effect are omitted from model

one, the result is model two. However, the two models differ in that

model two shows the condition-time interaction to be mote significant

than the time factor alone, whereas model one expressed the opposite

result. There is, however, no real inconsistency between the two models.

Model one says that for a particular subject, performance is dictated

primarily by the subject's individual ability and secondly, by how long

the subject has been operating the tracking task. Model two says that

if the effect of a subject's individual ability is mathematically

20
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Table 1

ANOVA Model 1

SOURCE DF SS MS F F"05
DFDF

S 4 .274545 .068636 1653.646729 2.93

C 1 .000159 .000159 3.830486 4.41
F 5 .258067 .051613 1243.518799 2.77
SC 4 .001382 .000345 8.321779 2.93
SF 20 .017314 .000866 20.857750 2.19
CF 5 .000576 .000115 2.773768 2.77
SCF 18 .000747 .000042

NONADD 1 .000154 .000154
BALANCE 17 .000593 .000035

Table 2

ANOVA Model 2

SOURCE DF SS MS F F'05
DF,DF

C 1 .000000 .000000 .000000 zeros
F 5 56.200233 11.240046 3.032072 2.42
CF 5 65.860474 13.172094 3.553254 2.42
ERROR 48 177.938477 3.707051
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standardized for all subjects, the primary factor influencing performance

is the contition-time interaction. It is to be expected, that removing

the very large subject effect, will provide a closer look at the effects

of the other factors.

Figure 9 shows a graphic representation of the results of model two.

For this graph the average standardized subject response for each level

of the condition and time factors are plotted as performance versus time

for each of the two condition levels. Since on this graph psrformance

is measured by error frequency, higher data values indicate poorer per-

formance.

This graph shows that under the glare condition performance increases

with time. The control condition data, as plotted in Figure 9, shows no

definitive trend. The comparatively good performance during the middle

ten minutes of the control condition, followed by the conversely poor

performance during the succeeding ten minute interval, can partly be

explained by the subject's response to the questionnaire in Appendix B.

Four out of the five subjects complained that the control run seemed far

longer than any of the others. It is probable then, that the subjects'

ability to keep track of time during a control run decreased, resulting

in psychologically but riot visually fatigued subjects.

Further insight to the meaning of the data graphed in Figure 9, can

be gained by examination of the GSR data. Program three in Appendix C

investigates one possible relationship between the subject's performance

and his corresponding GSR reading. The proposed relationship says that

any increase in performance will have associated with it, a decrease in

galvanic skin resistance. Due to the method by which the GSR is measured

in this experiment, a decrease in skin resistance is evidenced by an
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increase in the GSR reading. The results of program three are shown in

Table 3.

Table 3

GSR Versus Performance

SUBJECT NN* M**

Control 1 77 85
2 43 51

3 47 57

4 46 39

5 96 85

Flash 1 63 65

2 39 60

3 56 60
4 41 50

5 69 82

* NN = number of points for which GSR follows performance.
**M = number of points for which GSR does not follow performance.

The heading NN in Table 3 represents the number of data points in

which the proposed relationship holds, while M is the number of times it

does not. For the control runs, NN exceeds M for only two of the five

subjects; and for the flash runs, NN never exceeds M.

Program-AVG in Appendix C Is an attempt to directly relate the GSR

levels to the data, graphed in Figure 9. This program finds the average

GSR value fot consecutive 275 second intervals, for each subject-

JI
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condition level. The GSR values are then standardized and averaged to

obtain one data point for each condition-flash-time level. Figure 10

is the resulting plot of this data.

By comparing Figures 9 and 10, it can be seen that in general the

trends of the plotted data a.-e the same. This relationship holds for all

but one point on the glare data and for all but two points on tCe control

run. For the glare run, the fifth points do not follow the ge•neral trend,

while for the control run both the third and sixth points disturb the

overall pattern.

The qLvstionnaire provides some comments fr.", the subjects concern-

ing the effect of the experiment. Three out of five subjects admitted

to feeling fatigued as a consequence of the experiment. However, only

two of the five subjects express the glare as bothersome: the other three

subjects express the control run as the worst experimental ccndition.

More specifically, these subjects find the glare to be a welcome change

of pace.
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CHAPTER V

SUMMARY AND CONCLUSIONS

Five subjects were tested to determine the effects of repeated

flashes from a glare source on the performance of a tracking task. The

task was given under five different experimental conditions. Analysis of

Variance, as well as graphical methods, were applied to the control and

white condition runs to determine the effect of the glare.

The Analysis of Variance indicates that both flash-time and the

condition-flash-time interaction terms affect subject performance. The

graph of the glare data (Figure 9, page 23) shows an overall increase in

performance with respect to time. It is probable that the exceptionally

poor perfor-mance during the first 275 seconds of the glare run is the

result of subject anticipation of the first flash. The increasingly

better performance during the glare runs suggests that the subjects

hold the glare as the condition to be coped with. Consequently, the

subjects consistently strive to overcome the obstacle of the flash,

during the entire glare run. The result is a good approximation of a

learning curve.

The graph of the control data shows a similar increase in perfor-

mance up to and including the fourth 275 second interval. However,

during the fifth time interval there is a drastic decrease in performance,

followed by a significant improvement in succeeding time intervals. One
explanation of this result is that the subjects view the control run as

simply a necessary experimental reference; it represents no challenge

and presents no new obstacle for them to surmount. This result is com-

plimentary to the findings of McFarland as noted in Chapter II, paqe 3

27



28

of this report.

A further explanation of the drastic shift in performance after 20

minutes of a control run, can be gained from the inverted U curve. The

inverted U curve, as applied to the control run, indicates that after the

first 20 minutes the subject's level of arousal has dropped far below the

optimal. The subject has relaxed his performance standard. The sudden

shift to a lower level of arousal is indicative of a psychologically

fatigued subject.

The findings of this paper show the glare to be advantageous in that

it tends to hold the subject's level of arousal at or near the optimal.

Future investigations should effectively reverse the titles of the

two runs in an effort to indiscretely and falsely convince the subjects

that what appears to be a control condition, is actually the condition

under investigation. This could most readily be accomplished by employing

separate groups for the control and glare runs, using care not to inform

the one group of the existence of the other.

The GSR term, as graphed in Figure 10, page 26, suggests tOat a

relationship between performance and galvanic skin resistance does exist.

Further, the results of the analysis employed by this investigation show

that this relationship is not simplistic in form. Rather, the manner by

which galvanic skin resistance can be used to indicate a subject's

transient ability to perform, involves more than a discrete GSR value.

Further investigation should examine the continuous GSR wave fo m with

respect to a similarly continuous measure of performance.



LIST OF REFERENCES

1. Sennett, E.; Degan, J.; Spiegel, J.; Human Factors in Technology,
McGraw-Hill Book Co., Inc., 1963.

2. Bla~.kwell, H.R.; "The Problem of Specifying the Quantity and Quality
of Illumination," presented at: Symposium on Light and Vision, Feb-
ruary 1954.

3. Blackwell, H.R.; "Use of Pcrformance Data to Specify Quantity and
Quality of Interior Illumination", National Technical Conference of
the Illuminating Engineering Society, September 1954.

4. Brown, Clinton C.; Methods in Psychophysiology, The Williams &
Williams Co., Baltimore, 1967.

5. Cameron, C.; "A Theory of Fatigue", Ergonomics, Vol. 16, No. 5, 1973.

6. Cameron, C.; "Fatigue Proglems in Modern Industry," Ergonomics, Vol.
14, No. 6, 1971.

7. Cleveland, D.E.; "Driver Tension and Rural Intersection Illumination,"
Texas Transportation Institute, Octobar 1061.

8. Dowd, P.J.; Moore, E.W.; Cramer, R.L.; "Relationships of Fatigue and
Motion Sickness to Vestibulocular Responses to Coriolis Stimulation,"
Human Factors, Vol. 17, No. 1, 1975.

9. Ellingstad, V.S.; Heimstra, N.W.; "Performance Changes During the
Sustained Operation of a Complex Psychomotor Task," Ergonomics,
Vol. 13, No. 6, 1970.

10. Grandjean, E.; Fitting the Task to the Man, Taylor & Francis Lte.,
London, 1971.

11. Grandjean, E.P.; Wotzka, G.; Schaad, R.; Gilgen, A.; "Fatigue and
Stress in Air Traffic Controllers," Ergonomics, Vol. 14, No. 1, 1971.

12. Grant, L.S.; "Concepts of Fatigue and Vigilance in Relation to Rail-
way Operation," Ergonomics, Vol. 14, No. 1, 1971.

13. Hammerton, M.; Techner, A.H.; "The Effect of Temporary Obscuration
of the Target on a Pursuit Trading Task," Ergonomics, Vol. 13, No. 6,
1970.

14. Hicks. Charles R.; Fundamental Concepts in the Design of Experiments,
Holt, Rinehart and WTinston, Inc., 1973.

1b. Hopkinson, R.G.; "Evaluation of Glare", presented at the Cornell
Symposium, June 1957.

29



30

16. Kashinagi, S.; "Psychological Rating of Human Fatigue," Ergonomics,
Vol. 14, No. 1, 1971.

17. Kipp, O.L.; "Final Report on the Minnesota Roadside Study," Highway
Research Board Bulletin, No. 55, February 1970.

18. Kirk, Roger E.; Experimental Design: Procedures for the Behavioral
Sciences, Brooks/Cole Publishing Co., 1968.

19. Kr~vohlavy, J.; Kodat, V.; Cizek, P.; "Visual Efficiency and Fatigue
uuring the Afternoon Shift," Ergonomics, Vol. 12, No. 5, 1969.

20. McFarland, R.A.; "Understanaing Fatigue in Modern Life," Ergonomics,
Vol. 14, No. 1, 1971.

21. Postan, A.M.; "A Literature Review of Cockpit Lighting," U.S. Army
Engineering Report, No. TM10-74, AD779407, April 1974.

22. Rowan, J.N.; Jensen, C.H.; Walton, N.E.; "An Interior Report on a
Study of Disability Veiling Brightness," Texas Highway Department
Illumination Studies, No. 2-8-64-75, June 1967.

23. Simpson, Ernest; Physiology of Work Capacity and Fatigue, Thomas
Books, 1971.

24. Tsaneva, N.; Markov, S.; "A Model of Fatigue," Ergonomics, Vol. 14,
No. 1, 1971.

25. Welford, A.T.; "Stress and Performance," Er9onomics, Vol. 16, No. 5,
1973.

26. Winer, B.J.; Statistical Principles in Experimental Design, McGraw-
Hill Book Co., 1962.

27. Yoshitake, H.; "Relations Between the Symptoms and the Feeling of
Fatigue," Ergonomics, Vol. 14, No. 1, 1971.



GLOSSARY

C: The symbol used for Condition factor. Subscripted by (j) with j = 1

representing a control condition; a j = 2 representing a glare run,

DF: The symbol used in computer programs for degrees of freedom.

E(Y):The expected value of Y. Estimates v, by the equation I Y/n.
n

6: The symbol used for the error term in the statistical analysis of

variance.

F: The symbol used for the flash-time factor. Subscripted by (k)

with k = 1 through 6 corresponding to consecutive 275 second inter-

vals of a run.

MS: The statistical notation for mean square, found by dividing the SS

term by its corresponding degrees of freedom.

_ : Symbol used to represent the population mean.

RUN: A generalized term used when referencing the entire thirty minutes

of operating the tracking task.

S: The symbol used for Subject. When subscripted by (1 < i < 5), S

refers to a particular subject.

31
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S: Sample standard deviation.

SOURCE:Heading used in analysis of variance to indicate the source of the

variation.

SS: Symbol used by analysis of variance programs to represent the sum

of squares.

STANDARDIZED:Used in reference to daza which has been manipulated by

V-(Y - E(Y))/S'.
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I F A NUX-) G T Y1AA X YK A)(= A NU X GLARE174

so C0oi TI NU E GLARE175

9 C ONTZNUf GLARE 176
XFACT=d00./ (XMAX-XMI1I) GLARE177

YfAI-!-Y444A 4144l - -- GLAXE17-
XORG=(tkc23.-80). )/2. GLARE 179

SF tXM14. Lt.O.D)XURG=223.-80j. *XM IN/(XMAX-XlLULA) GLARE180
YURG=140. GLARE 181
I Y.f. .I Y N YA-Mri GLARE 182
LALL SCALE-( XFAL.f,YFACTXtlkGYU4.G) GLARE 183
XL.UW=XANIN. GLARE1tS4
I F WOIN.GF . 0. )XLUWJ='). GLARE185
YLOW=YMIA' GLARE 186

I F (YMI 1 4,GE .'). ) YL'aW=` . GLARE187

XLNiC= tXMAX-X0"'I A GLARE 188
YULN16=(YMAX-'M 1:,4) GLARE189
X1 1L=XLkj.G/1,-. GLARE 190

YTI1CYLNG,/1 '. GLARE 191

MARKX=1GLARE 192
MARKY=1 GLARE 193
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P0 ?'ThO 1=U P~ LARE~197

2o IPE~v(, GLAREL199
MARK~=". GLAREZOO
'2U Ti! 4.. G1LAREL201

IL IPE.4=I GLARL2UZ
4 , C1i~i IKtGLARE20U3

,4IXzIZ* 4*II GLARE204
Z.:A(I1)GLAR(E205

Y=A ( IDA ) GLARE207

CALL TPLflT (,XY,h' IPI '~ GLARE2U9
200c CONI IA'UL GLARE 210

CALL. TPALJPýt GLAR121 1
1UU0j LCN I I A0L G LAR tO12

R LTI. 1) GARE? 13
L'*L GLARE214

Ute IJUT I O-4ý I VA/iL O ,Jw.jL,11011-1 G ARE215

0 1 mt-is I f GLAR E2 1IA
* P GLARt218~

PU ii? $=M~, IGLARE21q
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A SU:-,= A S l 4VA ALt8 GLARE 2?

v1?2 LUNTI'JUL GLARE?? 4
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t-FF I T t I o 1 1 J t~/V * A( . , ) * G LA R t- 4?/ 8
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GLARE231-
ENID GLARE?32
SUBRO)UTINE SQJPGAlVALtJQ9)CMMMi) GLARE233
L)IMENSION VALOF(1),JQ"(1),S(jC'O),AMEAN(100'),gB(100)) GLPARE234

[:2ASUM=0.0 LRE3

L.L)GLARE25O-
DO 122K=MM~lGLARE2538

BEXRTCIC)** GLARE239
SU~zSU+B(K)GLARE253

9122TPCONTINUE GLARE242
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Jo 1 7.784 2175 3,418
Ji 2 17,31f 9170 3,418
Js 3 12,823 .171 3,418
Ji 4 170•23 .166 3,418
Ji 5 17,236 ,169 3,418
JO 6 3090129 fle 3.418
Jo 7 21.826 ,154 3,418
Jo 8 15,97 .195 3.418
J 9 17,700S ,158 3,418
Jo 10 1dAI 2 ,162 5,418
J* II 116409 ,167 3,419
J" 12 119063 ,177 3.418
Ju 13 21,729 ,173 3,418
.Iu 14 15.•iA .188 3M41M
Jo 15 1,0870 :165 3.418
.o 16 17,Q2A .152 3,418
Js 17 ?4.26A :167 3.418
Ji to 27,166 ,165 3,418
Js 19 1 1,Ahe) ,153 3,418
is 2.4A 14,191 '165 3,4104
J0 21 t1,656 ,152 3,418
Ji 22 17,12V .187 3,418
Js 23 19"385 ,151 3.41A
is 94 151,F;Q 9172 3,418
Js 25 21,93. 172 3,418
ju 25 17,218 ,170 3,418
Js 27 139409 ,182 3.418
J3 28 17,12t s187 3,41A
Jo 29 16,357 0155 3.41b
Ji 30 18,311 ,1540 3.418
in 31 200.441 t152 3,4118
3.a32 1351 148 1,41A
Jo 33 , 15s 3,4t8
.rI 34 19,173 .I85 3,418
Jn 35 23,t77 .175 3.418
,18 36 14,h7 Y 195 3,41AJs 37 16,7414 177 3.4t
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j g 4 J 17 ,,IIgol 3 .4 18
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Jn 47 e ,624 0172 3,4
Jo 4$M 19,4r .m&215 A 0 A I
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j a 55 2 !%,J3l *1561 3, 41 0.1 8 6 1Y,171 .152 3.41?
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10 5$ 1d.*d ,18• 3.41F

,!. 59 I11 334 ,151 3,419
is 60~ 22.217 .147 '.4
Jo a 61 71 124 .175 3.410
.1I8? 179402 .131
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