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- I, INTRODUCTION

Sl ocg

\ k!
The term, vigilance, has been defined in many different
ways. One of the better definitions was stated by Mackworth

[1957) when he defined vigilance as the state of readiness

to detect and respond to certain specified small changes oc- §

3
curring at random time intervals in the environment. Vigi- %
lance did not become an area of major interest to the §
military until the beginning of World War II. As man'é g
technology increased, his ability to desigp and construct §
air, surface and subsurface attack vehicles created a need g

for developing equipment and procedures to detect these
threats in amply time to take the necessary action. Three
mé,0r types of equipment were developed; radar, sonar and
electromagnetic countermeasures. Due to the nature of the
equipment, all of these systems require a human monitor.
Man has been able to design and build computers to perform
many different functions, but he has been unable to design
a system to replace the human brain. The development of
signal processing equipment to aid in the detection of tar-
gets has been complicated by the large number of parameters
that must be evaluated and the fact that most targets are

masked by some type of noise. Until a system can be devel-

S P e ARG S oY 2 SRR A Vvt DL S & A £ A ¥t R 22 A LS I B B T T AR R e e R et v

oped to differentiate between the target and the noise back-

Aekoiands re,

ground, man must serve as the primary monitor.

Many people feel that to increase the performance of the
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sensors that are now operational, new eguipment must be
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designed. This is a valid print, but these same people

%

2

’ overlook the fact that the man-machine interface common to %
¢ the operational systems has rot been fully investigated. 5
Improving the monitor's ability to detect a target using ?

- the present systems is another approach to increased per- E
formance. The purpose of this paper is to investigate one é

" § small area of the audio detection problem associated with %
: the existing sonar equipment. ;
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II. BACKGROUND -

Since World War II, extensive research has been con-
ducted in the investigation of the performance decrement
associated with prolonged vigilance tasks. Due to the
}arge volume of papers written to cover the subject and

the fact that many of the papers are classified, the reader
is referred to the bibliography and in particular Davies
and Tune [1969) which gives a very complete listing of the
experiments to date. In the following brief summary, the
author has attempted to isolate the major points covered in
the experiments.

The vast majority of the experiments have been ccncerned
with identifying the physical and mental parameters which
cause the decrement in visual vigilance tasks. Most of the
experiments have been completed using flashing lights, de-
flecting meters and changing light intensity [Mackworth,
1950; and others]. It was not until the 1950's that the
researchers began using the cathode-ray tube to better
simulate the actual display medium. At the same time, the
experiments began to center more on the actual target de-~
tection problem and not so much »n vigilance testing in
general. Areas of study included PPI size, shape, intensity
and duration [Baker, 1963; Rittger, 1963; and others].

As the USSR and other world powers increased their sub-
marine forces, the sonar detection problem became an area

of primary interest to the United States Navv. The iri ial
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research in the area- of sonar detection was a carry over

from the radar detection. experiments. The majority of the

£
AT BT Oy 0 L e e

experiments again were concerned with visual detections

even though the audio presentation played an important role

A
e R e

in the overall problem. This was due to the large volume

o o,

of information readily available and the fact that it is

g 1ty K

By ri

easier to train a man to monitor a visual display instead

CE ek

of the audio receiver.

When the results of the vigilance experiments are com-

pared, certain concepts have proven consistent. The most %
prevalent result encountered is that vigilance decreases %
with time on watch. This degardation of performance usually g
occurs within the first ten to thirty minutes of the watch. g
At the completion of the decline, the subject's performance ?
tends to stabilize giving the standard shaped performance 2

Seai ¥t R0

curve in Figure 1 [Mackie, 1964; Mackworth, 1950; and
others]. .

Once it was established that vigilance declines as a
function of time on watch, investigators began work on

isolating the causes and sought to explain the decline with

R ey D T

specific theories. Two theories which have received the
greatest interest have been the Filter Theory proposed by
Broadbent [1958] and the Arousal Theory set fourth by Hebb
[1955]. The Filter Theory;states that the nervous system

contains certain filters which select and pass information

SIS e e AR D S

to the perceptual system. These filters have a constant

bias toward information channels which have not been ur 1
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recently. During the first few minutes of the watch when the
monitor is concentrating on the display, the informatior is
passed to the perceptual system. After a few minutes, the
filter will be biased toward the other information ch~nnels
which are not being used. If a stimulus is received, the
filter will send the new stimulus to the perceptual system
for processing in place of the display information. As the
watch progresses, the filter is continually searching for new
stimulus and the amount of display information passed to the
pexrceptual system is decreased. This loss of display infor-
mation is, by Broadbent's Theory, the cause of the perfor-
mance degredation.

The Arousal Theory states that the perceptual system is
triggered by irrelevant environmental stimulation. This
implies that the mure non-specific stimulation that the per-
ceptual system receives, the better the performance. Hebb
concluded that in the case of the vigilance task, the monot-
ony removes the stimulation and causes the performance
decline.

The motivation and attitude of the monitor also play an
important role in the detection problem. If the monitor
feels he is doing an important job, his performance will be
better. It has been shown that increased performance can
be achieved through monctary incentives [Yufer} 1962]. The
area of selecting persoun:l ‘o perform vigilance tasks has
not received much interest. Little has been done to deter-
mine which personality traits are important to the det: tion

problem.
10

PR LT O R S TRy

T SRR BN WA st B

S T e

2 Sk Ay

52

Sy 20y

)



TR oy v 4 TETAES N TR YR iy R TR T g AR e TR CRELAT APy M Shrleh s T i LI pre=—,
R e A T T N A i toaahd RSN A AR e T T R R TR ER ORI A T I BT L A T R T i ST 5 T

v e e mw

The effect of specific parameters has been demonstrated

in many of the experiments. While not all investigators
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agree, the majority have concluded that the performance dec-
rement can be reduced by increasing the signal frequency
[Bowen and Woodhead, 1956; ard others], increasing the sig-
nal duration [Hamilton, 1956; Machworth, 1963; and others],
increasing signal intensity [Terchner, 1962; and others] and

introducing artifical signass [Baker, 1960; and others].
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Many experiments have investigated the use of drugs to in-
crease detection performance. Amphetamines have been shown
to maintain performance but they have no effect on the

initial detection level [Mackworth, 1950]. Although drugs

a

do provide a solution, their use must be closely supervised
in order to insure no physical damage will result from their

use. The most useful result obtained to date is that many

frequent rests are better than longer less frequent ones.

This result can be implemented when more than one trained

1530 e 7o Xl L

monitor is available.
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II1I. OBJECTIVE

This experiment is based more on the experiences of the

-l
:

author and not to any great extent on the literature pub-
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lished tc date. The phenomenon this experiment is designed

1

to investigate is the observation that when a person is
engaged in a task, he is able to unconscously percieve
changes in his environment without actually knowing what
change took place. An example of this is a person who works

around a large number of diffe:rent types of machinery. If
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one particular machine stops operating, the person gets the

"feeling" something is different but he is not certain as
to the actual change. This occurs even though the apparent
overall sound intcnsity and tone have not changed. It has

2lso been observed that a man performing a task, not re-

lated.to the sonar detection problem, in an environment
where he is subjected to the sonar returns, can make initial
sonar detecéions before the sonar operator. This experiment
is designed to investigate this phenomenon.

Many investigators have used similar experimert utilizing
relevant secondary tasks in an effort to support either the
Filter Theory or the Arousal Theory. By constructing an

irrelevant task and treating the detection problem as second-

A T A ¥ R TS s e AV MBS

ary, the author has tried to accomplish two objectives. The

first is to discover if .this phenomenon can be observed under ;

laboratory conditions and second to measure the effect it has

on the detection problem.




IV. METHOD

A. EXPERIMENTAL DESIGN

The vigilance task consisted of the detection of a pulsed
signal of constant frequency (800 Hz) and pulse duration
(.03 s) masked by thermal noise filtered 250 cycles either
side of the known frequency. The constant frequency, pulse
duration and bandwidth were selected to simulate as closely
as possible the signal processing equipment installed on-
board United States Naval Operating Forces. The signals
presented to the subjects consisted of three different
signal-to-noise ratios; low, medium and high. The signal-
to-noise ratios were determined during a pilot study where
many different signal-to-noise ratios were presented to
alerted subjects pot included in the main experiment. The
three levels were selected such that the probability of de-
tecting a low signal-to-noise ratio was approximately 0.1,
the probability of detecting a medium signal-to-noise ratio
was approximately 0.5, and the probability of detecting a
high signal-to noise ratio was approximately 0.9. During
the pilot study, no consideration was given to determining
false alarm probabilities.

Thirty signals were distributeua over the sixty minute
watcﬁ such that during each ten minute period, five signals
were presented randomly to the subjects. Each ten minute
period had the same composition of signal types; one low-

signal-to~noise ratio, three medium signal-to-noise rat‘o

.
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and one high signal-to-noise ratio. The order of presenta-
tion in each ten minute period was different and random.

The randomization of the locatior and the order of the sig-

nals within each ten minute period was accomplished using
a table of random numbers. The signals were restricted in
location such that two noise pulses containing signals were
always separated by at least four noise pulses without
signals. The random draw accomplished this without altering
the position of any signals.

The sixty minute tape was divided into 720 cycles of
five second duration. During each cycle, a two second noise

pulse with or without signal was presented followed by three

p
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seconds of silence. It was considered a detection if, dur-
ing a cycle when a signal was present, a response was re-
ceived either during the remaining noise pulse or the three
‘seconds of silence which fcllowed. Any other response was
considered a false alarm. Each ten minute period was broken
down into 120 cycles so that the noise pulses containing
signals could be placed accurately. One signal of specified
signal-to-noise ratio was randomly placed in each two second
noise pulse selected by the random draw.

Eighteen subjects were tested for sixty minutes. The
subjects were randomly assigned to three equally numbered

groups. Group A was instructed to monitor the stream of

noise pulses and report any detection. This was group A's
only task. Group B was told that the first part of the

experiment was designed to condition them to the noisc
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pulses and that after completing the conditioning phase they
would take a second test. During the first phase, group B
was allowed to read current magazines of general interest and
instructed that they would still be required to report any
detections. Group C was instructed in the same manner as
group B. They were told their task would be to assemble a
geometric puzzle and that the amount they completed would be

a factor in the experiment. The subjects were not told the

exact purpose of this study but they were told that condi-

GRSt o N k7 Yt B L s SN RN 6 S DI B A LA E bt MK L it 4 W53 2

tioning during a vigilance task was being tested.

ey X

The subjects listened to the master tape through ear-
phones which had variable volume control. They were allowed

to adjust the volume setting to a comfortable level. This

S e & SR

adjustment did not effect the siénal-to—noise ratios pre-
sented to them. The subjects were al}owed to eat, drink or
smoke during the test. The experiment was conducted in the
Human Enginéering and Man-Machine System Design Laboratory

at the United States Naval Postgraduate School located in

e AR e B AR N L e el

Monterey, California. An accurate record of each subject's

T

responses was maintained to determine whether a detection was
made, a signal was missed, or a false alarm was committed.
The independent variables used in this test were time on
watch and whether the subjects were involved in a secondary
task. The dependent variables were the percentage of signals
detected and the number of false alarms. This experimént

can be described as a two-factor experiment, type of task

15
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and time on watch. To analyze the data, the experiment was ¥

divided into six ten minute periods.

B. SUBJECTS

Eighteen military officer students and faculty members

at the United States Naval Postgraduate School served as

NN 1w S LA AR B Ll Lt M

subjects for this experiment. The ages of the subjects .
ranged from 25 to 38 years of age. A small proportion of
the: subjects had served as Anti-Submarine Warfare Officers

but due to the nature of this experimert the fact was not

A u v S A SR TEAL N

considered significant. Each subject was tested once and

e Y S

none of the subjects had participated in the pilot study

to set the signal-to-noise ratios.

FERY R

C. APPARATUS

The system used to present the master tape to the sub-

jects consisted of an Ampex PR-10 magnetic tape recorder
and stereo earphones with separate volume controls. A
silent button-type response switch was used by the subjects
to report detection of a signal,

The schematic represented in Figure 2 shows the basic
set up of equipment used to produce the master test tape.
An oscilloscope was used to monitor the original taping and
subscquent transfer taping to insure that no portion of the

signal was lost or modified.

D. PROCEDURE
Prior to the arrival of each subject, the magnetic *+ pe

recorder was turned on and permitted to warm up. The

16




R R A SR S S RO R St A s SR Gl R A L RTINS e AR oL e S LR AR A SR DN WA i R S SREDR LA i 55 SN A TR AR S AR Sl LN A 0 g 7

3 magnetic tape recorder, earphones and response switches were

then checked to insure that they were in proper working order.

R R

3 ; All settinés were examined to verify that consistent experi-

FASEN

ke r mental conditions were being maintained.

Py

- . When the subject entered the laboratory, he was asked to

Y

remove his watch and take a seat at the desk located in a

sound proof chamber. The subject was then instructed to

S S e e Y

carefully read the following instruction:
This experiment is designed to test your ability

to detect a signal masked by noise. This task is de-

Sel A

signed to be similar to the detection problem faced

by sonar operators. During the testing period, you

S S p—— T S w4 g e M <y s T, 2

will hear noise pulses for two seconds followed by

, Py Y
SO RIMERA LA ARy

three seconds of silence. During a small number of

e L R e BT N L R e BB S B B o e DS T T & B4 e 320 0« P AT o A e 5

the noise pulses, a signal will be present. This
signal will occur randomly within the two second

4 period. Some of the signals will Be very easy to
detect while others will be very difficult. Your

job during this experiment is to detect the signal.

Prior to the start of the experiment, sample

pulses of noise with and without signals will be

P RRe T o

4 presented to you. During this experiment, you will

St Akl I A i Bl AT 39 o A o s kg S

wear earphones which are adjustable in volume. You

ot (RIS S

may adjust the volume to any setting which is com- i

R e e NI e
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fortable. This adjustment will not effect the

3 signal~to~-noise ratio presented to you. Before the
,l L. /
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sample tape, a constant stream of noise will be pre-

sented so that you can adjust the volume.

PR A UL TR AT IS

You are to indicate the presence of a signal by 5

pressing the response button located on the desk.
This should be done as soon after the signal is de-
tected as possible. You may respond either during

the remaining noise pulse or during the silence that

& S AN Pl e L Y

follows.

LRI

During the experiment you may eat, drink or

>
"

smoke. This is to recreate the actual conditions
of a sonar watch. The experiment will last approxi-

mately one hour.

2s a sample of the experiment, you will hear
sixteen cycles (two seconds of noise and three

seconds of silence equal one cycle) as a test run,

MRS

Again, some of the signals will be easier to detect
than others. Do not be disturbed if you can not

locate all of the signals on the test run. This

2 LN Ko At

se3ie

is a function of your auditory threshold and will

be taken into account. This test tape is not repre-

sentative of the actual experiment because during
the experiment, the signals will be less frequent
and randomly spaced. Once the experiment begins,
it will continue until completion and no portion of

the tape will be replayed.

18
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PRACTICE RUN i

1 5% 9% 13* :
2 6 10 14 d
3% 7% i 15* E
4 8 12 16 ’

(*indicates a signal present)
QUESTION ?
If the subject was a member of groups B or C he was also
given one of the following:

. GROUP B

For the first part of the experiment, you will
[ § be conditioned to the noise background. During this
portion, you will be allowed to read any of the

EE reading material on the desk. You will still be

required to respond if a signal is detected. After

R R e

thig conditioping, the reading material will be re-
moved and another much shorter test will be taken.
GROUP C

For the “irst part of the experiment, you will
be conditioned to the noise background. During this
poriton, you will be required to complete the puzzle
on the desk. You will still be required to respond
if a singal is detected. After this conditioning,
'2 you will take a much shorter test. You will notice
Ehat part of the puzzle has been completed and an
) outline provided. Please work from the parts pro-
. vided so that the degree of completion can be

measured.

19
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After reading the instructions, each subject was per-

R A A e o 5 oo

mitted to ask questions to insure that he completely under-

G S SN I P e TS S B

stood what was expected of him during this experiment. After

TR, ORI

each subject was instructed, he was allowed to listen to
noise so that he could adjust the earphones to a comfortable

level. The subject was then given sixteen sample noise

T T
.
S e RN

&
: pulses, seven of which contained signals. fter the practice %
i- run was completed, the subject was again allowed to ask ques- %
N ) fg

tions. At this point, the subject was allowed to remove the

3
:

earphones and relax for two minutes. The subject was then
tolA to.replace the earphones and adjust them to a comfort-
able position. The sixty minute vigilance task was then
begun.
After the testing was completed, the subject was in-
. formed of his performance and aéked not to discuss the ex-

periment with other students until all testing had been

completed.

20
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. V. RESULTS 2

5 The tabulated results of the experiment are located in g
4 f Tables I and III. Figure 3 shows the mean percentage of 3

signals detected and indicates that there uappears to be a

performance decrement as a function of time on watch., It

o

g
SRR AR TRATEY

also appears to show that the decline ir performance did

AN IRE L.

3 ‘ not begin to stabilize until after approximacely fifty min-
f é utes or the watch. Figure 3 also indicates that the rates

i of decline in performance were similar and the only differ-

Zdsi e o dt

<5
2

ences was in the percentage level of signals detected by

each group. Group A averaged 49.0%, group B averaged 51.6%

VALAREHRECR Y R A

R DA,

: and group C averaged 59.5% signals detected when considering

&ll signals presented.

SIS,

Due to the fact that the data was in the form of a ratio

3 and had a range from zero to one, an arcsine transformation

IR (T RN

was performed on the detection percentages as recommended by

; Winer [1962] in an attempt to stabilize the variances.

SRR

&

Table II shows the results obtained from a nested-factorial

SLEARS

analysis of variancs performed on the transformed data

oo R ol

points, with the subjects nested into groups but common to
the six time periods.

1 The results in Table II show that the difference between

ot 5 Mt Rt e A SR T S B T,

the signals detected by each group was statistically signi-

ficant but only at the probability level of p < .25. The

. : analysis also showed that there was a significant decline
in performance over time. The interaction between the .iroups

and the time pericd was not significant.
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An analysis of variance was not performed on the number

<
¥
s
h
i
i
t

qf false alarms. This was due to the fact that false alarms

tend to be a function of the person taking the test and not

a measure of the condition under consideration. This can be

RSTR LY

é seen by examing the percentage of false alarms contributed
: by each individual. In this experiment, 65% of the false
§ alarms were committed by 27% of the subjects. Table III

shows the number of false alarms made by each subject and
Figure 4 presents the data in graphic form. The only con-
clusion that can be drawn is that the mean number of false

alarms appears to decrease as a function of time on watch.

SRR L A A R LA e e L P et S N A TR RN K b i PR 0

£ivorneTathtlnd Xl v JE IR W YAt

«§ An extension of the median test [Dixon and Massey, 1957]

utilizing the chi-square statistic was completed, but the

number of expected false alarms in each cell of the con-

tingenéy table was too small to derive any conclusions.
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VI. DISCUSSION

The results of the analysis of variaace showed that the
difference between the three groups, in terms of the per-
centage of detections, was statistically significant but at
a very low probability level. This dete..ination does not
prove that a person engaged in a primary task and treating
the detection problem as secondary, can devect a larger
percentage cf the signals presented. This does however sug-
gest that the effect could exist.

The greatest problem encountered in this experiment is
insuring that the subject is actually treating the detection
problem as secondary. If the subject treats the detection
as primary, then the secondary task will become an irrele-
vant stimulus. If this were the case, the performance
decrement could be explained, depending on the reader's
preference, by the Filter Theory or the Arousal Theory.

The analysis of variance also showed that the decrement
over time was statistically significant. This s consistent
with the findings of the majority of the investigators who
have tested vigilance tasks. It is intr resting to note that
the decline in performance did not begin to stabilize as
early as expected. Most investigators have found that the
pe;formance tends t¢ stabilize between ten and thirty min-
utes after the task had begun. The staﬁilization in this
experiment did not begin until approximately fifty minutes

into the watch. This represeats only a guess due to th
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§;$ fact that the experiment ended at sixty minutes and there

%é was no way of knowing for certain the direction in which the
;z percentages were moving.

i

B When considering the performance of each group in Figure

3, it is apparent that the groups involved in secondary tasks

had a slightly higher percentage of detections than the con-

ft trol group that was just monitoring the audio display. The

fact that the group involved in working the puzzle had a

>
e
k'
s
n
s

higher percentage of detections than the group that was read-

T

ing indicates that the type of primary task might have an

&
Rt

effect on the performance.

L It is recommended that in future investigations of the
subconscious effect, that the length of the watch be in-
creased to at least two hours and the number of subjects
| B also be increased so that a larger data base can be ob-
"? tained. It‘is also recommended that the use of three dif-
ferent signél-to-noisé ratios be discontinued and one

signal-to-noise ratio which gives approximately a .5 prob-

It
*

ability of detection be used. 1In the analysis, it was dis-

covered that only one out of the 108 high signal~-to-noise

ratios presented was missed and that six detections out of
the 108 low signal-to-noise ratios presented were made.
This fact tends to support the findings by other investi-
gators that the higher ?he signal intensity, the better the
performance. An interesting determination was made when

; checking which singals were detected or missed. All of the

low signals which were detected were located immediate:
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after the presentation of a high signal. It was also noted
that the majority of the medium signals detected were also
located after the presentation of a high signal; This in~
dicates that the high signal might have acted as an alerting
device. All of the above recﬁmmendations require a great
deal more investigation to find out the actual part they

play in the vigilance decrement problem.
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PERCENTAGE OF SIGNAI:S DETECTED

: ! l | | A
10 20 30 40 50 60

A SRS gt S A T P e et L R i S R T S A B AR SRR e T e

. . TIME ON.WATCH (minutes) .

FIGURE 1. EXAMPLE OF A STANDARD PERFORMANCE CURVE.
PERCENTAGE OF SIGNALS DETECTED AS A
FUNCTION OF TIME ON WATCH

bt A AN L e b P Tt L AN LA L




A o T N e T R s v s e T U SRR T e TR I e 7 20 a0 e TF Pel S o AR TT AR RS TR AR T A S TIPS A e 2 R S -
¥ IR S LS ) B < ¥ X o
" ———————.

& -

T X

Erda g o

LOW FREQUENCY THERMAL NOISE
OSCILLATOR GENERATOR

PSSR

TONE BURST BAND-PASS
GENERATOR FILTER

UNIT PULSE ) 20 db
GENERATOR AMPLIFIER

MULTI-PURPOSE ) TIMING
VCG SWITCH

MIXER

TAPE RECORDER

4 ' FIGURE 2. BLOCK DIAGRAM OF THE RECORDING SYSTEM
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FIGURE 3. MEAN PERCENTAGE OF SIGNALS DETECTED
AS A FUNCTION OF TIME ON WATCH
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FIGURE 4. MEAN NUMBER OF FALSE DETECTIONS
AS A FUNCTION OF TIME ON WATCH
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TABLE 1

PERCENTAGES OF SIGNALS DETECTED

10 minute blocks
GROUP SUBJECT I II III Iv v VI

A 1. .6 o2 .4 .4 .2 .6
2. .4 .4 .4 . .2 .2

3. 1.0 .6 +6 .

4. 100 08 .6 L]

5. .8 .6 .8 .

6. .4 .4 «2 .

average .70 .50 .50 .

B 7. .6 06 18 L]
8. .4 .6 o4 .8 .6 .4

9. .8 .8 .6 .4 .6 .6

10. 1.0 .4 .6 .4 .4 .4

11. .6 .6 .4 .4 e2 .4

12. .6 .2 .4 .6 .4 o2
average .67 .53 .53 .50 .47 43

Cc 13. .8 .8 .6 .6 .6 .6
14. .8 .6 .6 .4 .6 .6
15. .6 .6 .4 .2 .4 .4
16. .4 .6 .6 .6 .6 .6
17. 1.0 .6 .4 .4 .4 .4
18. 1.0 .8 .8 1.0 .4 .6
average 77 .67 .57 .53 .50 .53
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5 TABLE II :

& _ ANALYSIS OF VARIANCE OF THE ARCSINE TRANSFORMATION }

b OF SIGNALS DETECTED :

:

SOURCE af ms F p(less than) j§

' Between Subjects 17 g

‘ b

Group (G) 2 1.1259 1.1134 .25 :

i Error (between) 15 1.0112 g

4 Within Subjects 90

/ Time Periods (T) 5 1.5227 6.9848 .00l

GxT 10 0.0577 0.2646 N.S.
Exrror (within) 75 0.2180

Total 107

T e Aty S
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TABLE III

NUMBER OF COMMISSIVE ERRORS

A VI

Iv

10 minute blocks
III

II

SUBJECT

GROUP

OCONMMON

1.00 0.83
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13,
14.
15.
l6.
17.
18.
average
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