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NOTICE: When goverrment or other drawirgs, specl-
fications or other data are used for eny purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government theireby incurs no responsibility, nor any
obligation vhatsoever; and the fact that the Govern-
ment may have forriilated, furnished, or in any wvay
supplied the said drawings, specifications, or other
data i3 not to bte regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related

thereto.

NOTICE:

THIS DOCUMENT CONTAINS INFORMATION
AlFECTING THE NATIORAL IE:ZNSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITLE 18,
u.8.C., SECTIONS 793 and T94. THE
TRANSMISSION OR THE REVELATIOR OF
ITS CONTENTS IN ANY MARNER TO AN
UNAUTHORIZED PERSON I8 PROHIBITED

BY LAW.
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Reproduction in whole or in part is permitted
for any purpose of the United States Government.
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"It is essential that the sonar decsigner be in-
formed 28 to the characteristics of observers

as well aa to the characteristics of the trans-
mitting medium. Sonar, then, is bounded on one
side by oceanography and on the other by paycho-
physiology . . . .

“The primary purpose of every indicator or re-~
corder used in sonar 1s, in some way or other,

to make the signal perceptible to the observer

. « » the gquantitative evaluation of the per-
formance of the instrument involves defining the
limiting conditions under which the effect to be
produced is adequately perceptible. This implies
that the oporation of any inatrument is & joint
enterprise in which the instrument is one partner
and the observer the other. In stating the per-
formance of the instruasent guantitatively, there-
fore, certain physiological and psychological
characteristics of human beings are quite as
relevant as the nature and bebavior of acoustic
waves in the sea, or as the propertiss of the
system by which thess waves are caused to
influence the instrument."

From: The Fundamentals of Sonar,
by Dr. J. W, Horton
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FOREWORD

In 1958 & contract was established between ONR and HFR for the
broad purpose of determining, in objective quantitative terins, the
capabilities and 1im1tétiona of Navy personnel in relation to the
performance of various ASW syvstems. Target classification was the
most pressing problem at the time, and much of the early work was
concentrated in that area. More recent work has been directed to-
ward meagsurement of the human role in target detection and equip-

ment calibration and maintenance.

For the most part, the investigations have been experimental
rather than analytical in nature. The scene of the experiments has
varlied with the problem: the laboratory, the ASW Schools, aboard
ships and aircraft uncerway, Attention has been focused on the
routine perforaance problems faced by operating and training per-
sonnei in attempting to maximize ths performance of syst.as to
which the Navy is fully committed. Little emphasis has been
placed on future systems although much of value has been learned

that should be applied to future systens.

The emphasis on existing systems has resulted i a far dif-~-
farent criertation and a more basic appreciation of the Navy's
operating problems than otherwise would have been the case.
Project personnel have operated some equipment, calibrated sonaur
equipment, repaired sonar equipment, designed data collectiosn

<ercizes, directed exercises from CIC, studed the ASW problem
throyugh the eyes of seamen, petty officers, and captains, ridden
destioyers, submarines, airplanes, and helicopters, and have
heard all of the standurd rationales for why things don't work

better.

v
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The results of this wurk have been, in some cases  obvious and

concrete; in others they have besn subtle, constituting more of an
influence than an objective achievement., Twenty-seven technical
reports have been issued, films, slides, magnetic t=opes and techni-
cal manuals have been vrepared and distributed, the staff has

vserved in working groups concerned with the analysis of ASW systems,
the design of sonar trainers, and the condhct v? evaluational tests.

This eummary report has been praparad as z means of reminding
those who design, purchase, or uge ASW equipmcat that the Navy has
supported a good deal of research that lcgically should tnfluence
decisions concerned with the "jolint enterprise in which the instru-
ment is one partner and the observer the other."” [In addition, 1t
hopefully will be a more convenient roference than the 27 technical
reports, some classiiied, some not, that by now may be scatterea in

diverse files, drawars, and libraries.

With apologies, we must confess that the results »f psycho-
logical experiments are not always reported in a form that iamedi-
ately suggests the vay to apply Lhem in the practical environment.
Cf course, this is true of nearly all "basic" research. However,

many of the findings summarized here have been applied and many

others could be with very minor efforts at transiation.
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SIX YEARS OF RESEARCH ON HUMAN FACTOR
PROBLEMS IN ASW: A SUMMARY

INTRODUCTION

The investigations conducted under this contract can be grouped

into nine basic areas. Few studies belong exclusively to a single

area, and it will be seen that findings from 2 single study are

sometimes appropriately classified under more than one of the fol-

lowing headings:

I. Development of fundamental concepts c¢f target
classification

11, Analyses of clues displayed by opecrational
equipment

I1I. Determination of operator capabilities in
target classification

v, Research on experimental display techniques

v. Determination of the operator's role in
target detection

vl, Studies of operator vigilance
vIiI. Recording of target data st sea

viil. Determination of calidbration and mainienance
skills of sonar technicians

1X. Analyses of ASY systems in operation

the speci..c tindings in each of
The technical repart from

In the sections that follow,
the above areas are concisely summarized.
which each finding or corclusion was taken is indicated at the end
of each statement by the number in parentheses. The full title of

each referenced raport is listed at the and of thie summary,

CONFIDENTIAL
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1. DEVELOPMENT OF FUNDAMENTAL CONCEPTS
OF TARGET CLASSTFICATION

{
f
i
{
|
|
i

In December 1958, HFR conducted a workshop in target classifi-
éation at the U.S. Navy Tactical ASW School, Norfolk, Virginia,
Siscussions centered around fleet experience in relation to the
findings of several years of previous research cn arget classifi-
éation that had been conducted by NEL and HFR. It became evident
6uring the workshop, which was attended by representulives of almost
every ASW operational and training command, that there were many
diverse opinions concerning the value and role in targei classifi-
éation of variocus dispiays and the clues they presumadpbly provided.
#onaequently, HFk assumed the oblication of deveioping a logical
framework for target classification that would encompass all dis-
ﬁlaya. clues. and procedures known to be of value in classifying

with active. scanning sonars.

Specific Results

1. The logical basis for targe’ classification with
scanning sonars waes cctablishad., It was shown how
classification depends on determining tne target's
motion, size, reflective structure, aspect, and
depth. The role of each display in contridbuting
partial, complementary information about one or
more of these target attributes was descrided (0). *

2. It wus ehown why tarpet clammification should be
based on a test of the "submarine hypothesis”" and
why previous emphasis on identifying various clasces
¢f nonsubmarine targets was nefther necessary no:
desirable (0).

3. The value of using displayed target aspect (orien-
tation in the sound beam) as the basis for corre-
lating end evaluating all other displayed clues was
established (0).

*This first report issued under Contract Nonr 2649(00) did not
bear a series number as did subsequ=at ones., For convenience it
is referred to here a, report No. O. . B
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It was shown how eachi clue and various combinations
of clues relate to estimations of the major charac-
teristics of the target (motion, size, reflective
structure, aspect depth) and how these character-
iatics, in turn, are combined to eatablish the
probable nature of the target (0).

5, It was shown how classification is made more or less
difficult depending on the target's spead, depth,
range from the A/S vessel, appareut aspect, aspect
changes, and geographic location (11),

8. it was shown that evaluation ¢t classification

evidence is hindered, in part, by the fact that
U, 8. aystems provide no direct information about

target depth (10).

Importance to the Navy

The first technical report issued under this contract, Target
Classification Using Active Scanning Sonars, has been adopted, un-
as an official NAVPERS publication on the subject of
It serves as the standard text for target classi-

changed,

classification.
tication training courses in the ASY Schools and has directly

influenced the design considerations nf engineers concerned with

the construction of specialized equipment for target classificattion.

This pudblication is also serving ams a mocdel for a similar one
being developed for the British Navy by personnel attached te

H.M.8. VERNON,
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I1. ANALYSES OF CLURS DISPLAYED
SY OPERATIONAL EQUIPMENT

The oreccise character and significance of tavget clues in dis-

played sonar echoes cannot be determined in advance of actual trials

at sea

problem.

with targetas that are representative of the classification

HFR has collected and analyzed thousands of teet of motion

picture records and tape recordings of displayed signals from a

wide veriety of scnar contacts.

Specific Results

10.

11,

Detailed descriptions of usable cluez from the
audio, PPIl, and graphic recorder displays of the
8QS-4 and SQS-29 were developed. The probability
of occurrence and perceptibility of each clue by
operators and the manner in which clues vary or
change as a result of equipment control settings,
sonar conditions and target manesuvers was de-
s~ribed (0).

The number, description, and usefulness (validity)
for classification of target pip shapes disvplayed
by the SQS-23 PPl was determined. It was shown
that the pip shape categories developed for earlier
scanning sonars were not adequate for the SQS-23
(22).

It was shown that pip shapes are not highly related
to target nature in a direct sense, but, in the case
of submarine targets, often provide evidence of
target orientation that is highly useful for evalu-
ating the total clue pattern (22).

It was shown that the usefulnids f~. :classification

of 8QS-23 pip shapes was heavily dependent upon the
range scale in use, that meaningful shapes occur

very infrequently when using the 5000-yard (or greater)
range scale. The relstionship between the type of

pip shape obhtainable from a submarine target and the
PPl centering mode in use (SCD or TCD) was determinad
(22).

The extreme difficulty of analyzing the motion of

4
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either slow-moving or non-moving targets with
present displays and plotting equipment was
reported, and the superior capability of some
European sonar systems in this respect was
deacribed (23, 27).

Importan to the Nav

Continuing analyses of clue patterns ure essential to progress
in target classification since any change in either the transmission,
reception, or processing fsatures of a sonar is likely to introduce
corresponding (and unknown) changes in the meaningfulness of the
clue patterns. Significant deteils and relationships are not

effectively determined from regular fleet operations or ASY ¢.er-

cises. Furthermore, even the advent of s:iuccessiful autmaiatic clasei-
fication aystews will not eliminate the nc -4 "“npr . e¢:° .ir basic
analyses to determine the meaningful informati... : -am- ern

The results of these analyses to date have ir it 2tad *hree

important needs for improved display design:

(1) There continues to be an urgent need for a
simple, relisble electrcnic ard to doppier
discriminattion.

(2) The display of target axis intormation at
ranges considerably greater than those
obtainable with preasent PPls is essaontial.

(3. Improved means for establishing target
motion and target track by the soner ieam
is urgently required.

The lack of suitable displays for asseL.ing the motion of slow-
moving (or non-moving) targets in the shortest possible tine is
seriously hampering classiffcation. The discrimination of doppler
by onerators is unreliable; the DRT plotas and the computed fire-
control solution are both too slow ard too inaccurate for classi-
fication purposes. (It must Le remembered that a fast, or even

CONFIDENTIAL
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moderately fast-moving submarine is not a classificatlion problem,

although it may wall be a tracking and a fire-control problem.)

A sensitive semli-automatic target plot fed by data generated
by equipments already in typical shipboard sonar systems would be

a major step toward improving classification.

CONFIDENTIAL
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I11. DETERMINATION OF OPERATOR CAPABILITIES
IN TARGET CLASSIFICATION

It is extremely difficult to make fair, objective assessments
of the more subtle capabilities of sonar pergonnel on the basfs of
their performance in the actual operating environment. Unlike radar
operations which routinely provide the oppo:rtunity for radarmen to
practice and develop operating techniques, sonar operations simply
do nut regularly eneble sonarmen to exerciss and reinforce the
compiex skillis involved in detecting, classifying, and tracking
underwater targets, The result is that specific por!orminco de-~
ficlennries often go undetected for montns, 1if not years. Further-
more, ASW exercises do not readily permit the diagnosis of the
strengths and weaknesses of individual team menmbers, since they are
primarily designed and evaluated on the basis of thec tactical and

weapons~delivery phases of the problem.

The measurement of specific operator capabilities and weaknesses

serves at leaxt three very ilmportant needs: (1) 1t snatles intel-

ligent training emphasis to be placed on those aspecta of the jobd
that are most difficult; (2) 1t enables meaningful performance
standards to be established for evaluatiig new disvlays requiring
human monitors; and (3) it provides criteria for assessing the
capabilities of machinegs that are proposed aa substitutes for

functions traditionally performed by men.

Specific Resuylts

12. Both practicm! and written tests of target classi-
fication skills and knowledge have been constructed,
"Trained” sonar operators have been found typically
to score betwcen 50% and 70% corrsct on prsctical
tests comprised of fairly difficult classification
prodblens. They score somewhat higher on wsritten

tests (10).%

*Chance performance on a balanced test permitting only two cor-
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tarked individual differences have been found
anwcng sonarmen in ability to assimilate target
classification training (10).

Target classificaticn training has been sho=n to

be more effective among operators who ha-e had

sea experience than among trainees just out of basic
tratning (10).

Sonar trainees make frequent percepotuai errors {n
clue recognition even at the completion of training.
Performance is msomewhat better on clues displayed

by the graphic recorder than on the audio or PPl-~
presumably because of the "memory" characteristic
of that display (10).

Present sonar displays are not well suited to
accurate clue recognitinn. Thirty (or more) suc-
cessive echoes are frequently required for correct
classification concepts to form. A major source of
errors results from inability to form correct con-
ciusions about the target's aspect und movement (10).

The average sonar operator requirea about 22 cps of
doppler for accurate doppler recognition using

£Q€-4 and 8QS-29 series sonars. Depending on the
nodel, rcliadble discrimination thus reguires a subma-
rine speed component of from 2.2 to 3.9 knots in

the direction of the sound beam (12).

The average sonar operator can reliably discrimi-
nate about 12 cpes of doppler witn 8QS8-23 sonars.
This is equivaient to about 3.5 knots of target
speed in the direction of the sound beam (23).

Operators experience difficulty in recognizing "no"
doppler as well as small amounts of "up” and “down’
doppler. However, a judgment bias noted with older
sonars toward reporting "up" doppler when no dnppler
was present was found to bhe less prounounced with
RDT~modifled sorars (12, 23,.

There are large individual differences among sonar
operators in doppler recognition adbility. Task
assignments wixhin the team snould reflect these
differences (23).

clusions (i.e., "submarine” and “nonsubmarine®”) {e 50%. Thus the
performance level reflected by these figures is 0% to 20% above
what would result trom sheer guesswork.
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21 . Only marginal improvement in doppler recognition
{2 to 3 cps) occurs with training once the concept
has been initially grasped. However, experienced
operators may occasionally recognize secondary
cues in the echo that aid in arriving at a correct

Judgment (23).

22. A moderate correlation typically is found between
Sonar Pitch Memory Test scores and performance
on tests of doppler discrimination Higher cut-
off scores on this test or use of an actual doprler
discrimination test would resnl¢ in improved
selection of operators for this task., Improved
selection is a surer road to improved performance
than is increased training (12).

Importance to the Navy

Improvement in target classification porformance can be expected,
provided that: (1) fundamental improvements in the display of cer-
tain clues are achieved; (2) training in classification techniques
is concentrated on those who are highly screened from an aptitude
and motivational point of view. Display improvements are essential;
capitalization on individual differences in aptitude and interest

is only sensible.

Before investing in expensive new displays or automatic process-
ing devices that are proposed as replacements for functions tradi-
tionally performed by men, the performance of such devices should
be compared with tha: of properly trained operastors using apc.o-
priate prohlem material. 1(n spite of their limitations, men have
actually performed much better on some tasks involved in clausi-
fication than have some fairly expensive elec.ronic substitutes.

CONFIDENTIAL
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IV. RESEARCH ON EXPERIMENTAL DISPLAY TECHNIQUES

Thorough consideration of the man-machine interface ila essen-
tial to the proper design of any complex system. In sonar, more
effort seems to have been spent trying to design the man out of

the system than in optimally dJezigning it for his use.

It seens unlitely that signal analysis and interpretation will
become fully automatic in the foreseeable future. In the meantime,
the:-e appear to be many opportunities to design displays that take

better advantage of the unique capabilities of men.

Specific Results

23. The optiwal audio frequency for doppler recognition
is about 500 cps in contrast to the 800 or 1000 cps
typically used in sonar systems (23).

24. A proposed technique for aspsed-translating sonar
signals to enhance doppler effects was shown to
produce no systematic improvement in doppler
discrimination ¢12).

25, An experimental device designed to display doppler
visually was found to be less effective than aural
discrimination by the average sonar operator (12).

26. There is a critical need for achieving an inter-
pretive match between the meaning of a classifi-
cation display to the tactical officer and the
discriminating capabilities of the sensing and
data-processing equipment. There is a lack of
understanding among many ASVW decision-makers of
the probdabdilistic nature of sonar target classifi-
cation that naturally results fror .mperfect
sensors and information displays (21).

27. Use of the traditional 3I-way classification scheme
("probable submarine,” "possible submarine,”
“anonsubmarine”) results in serious losses of in-
formation for the tactical decision-maker. Dis-
plays of the typs used with MITEC are much better
but require training in interpretation (21).

10
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28. The output of target classification aids or com-
puters should be directly related to likelihood
retio (probabiility that the target {s a submarine
divided by the probability that ft is not) 4f the
number 52 zorrect tantical derigions is to be

mavimized (21).

Importarce to the Navy

The perceptions, judgments, and decisions of humans will con-

tinue to be critically importanc in any existing or protable future

sonar system. The nature of the demands may change, or they may be

imposed at a different point in the processing and avalvating
but they will remain critically important to successful
Not only will it coniinue to be

sequence,
tunctioning of the overall system.
necessary to deal with human decision functions, but it will remain

desirable to capitalize on the flexibdbility that only man caun bring

to the problen.

Research thus far suggests that far greater skill is necessary
in coupling machkine and man functions in sonar systems than has
been demonstrated in the past. Output displays generally need to

be made more neaningful; training in interpietation must be made

more uniform and sophisticated.

11
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V. DETERMINATION OF THE CPRRATOR'S ROLE
IN TARGET DETECTION

No other requirement has so dominated sonar equipment design
requirements over the past 20 yearsa than tnat of extending the
target detection range. The resulting increase in equipment com~
plexity and predictable accompanying maintenance problems have
created serious doubt that the detection performance of the newer
systems is, in fact, uniformly better than that of older, simpler

ones.

A great deal of improvement in sonar detection could be forth-
coming, however. through increasing attention to the complementary
capabilities of man and machine. Human operators are exceptionally
adept at the detection of complex aural and visual signals in heavy
background noise. However, they are often very poor at sustaining
attention for such signals over prolonged periods of time, espe-
cially 1f the signals occur very infrequently. Machines can be
built that are perfectly attentive and have infallible memories
but to date their pattern recognition performance has not matched
the flexible and adaptive capabilities of man for recognizing a
variety of signal types in backgrounds of non-randoms noise.

There is little doudbt that improvement in target detection

"performance is achievable. There i{s also 1fttle doubt that it will

require more effective man-machine coupling than has been tjpical
of past systama. Severa! HFR studiss have been directed toward

these pro-lems.

Specific Resultw

29. There arae large individual differencos among
operators in detecting targets on PPl displays.
Perfnrmance on watch is noderately predictabdle
from short samples of performance dnring "alerted™
conditions (16).

12
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The requirement to search ihe entire PPl scope
results in aboutr 13% fewer detections on the
average than when the operator ig "alerted" to
the target s probable bearing. (A performance
loss of 3.5 db with respect to a reference signal
that i8 just barely detectable.) (16)

Operators more quickly cdetect targets at mid-range
on the PPi mrope than at close or far range. The
explanation meay lie in the visual searca patterns

adopted by operators (20C).

There are lurge, stable indiviaual! differencas
among operators in ability to detect weak infrequent

signals {(2).

Repeated presentations of a target signal (up to
5 echoes) are often necessary to elicit vaiid de-
tection reports (5).

Operators have different personal criteria of what
constitutes & sonar target signal. The relative
leniency or stringency of sach operator's criterion
substantially affects the l1ikelihood of a detection
being reported and the false alarm rate (5).

Faint acbo detection is a function of training and
experience in addition to basic operator sernsi-
tivity (53J.

Target detection performance is unrelated to
treditionai achieveuent scores !n sonar operator
courses or to scores on presently used aptitude
tests (186).

In accord with observations by Horton (Fundamgntals
of Sonar), the range between 10% and 90% probability
of detection on a PPI scope is only about 4.5 dt;
the range between "almost naver” and "almost always"
detecting a target is about 10 db., Thus displav

design features (or operating nrocedures) that improve

systems performance as little as . db are well worth
the trouble (16).

Setting the PPI scope hrightness at "visual reference

intensity,” as often recommended in technical wanuals,

adversely affects target detection. The optimum
brightness is well above this setting (17).

13
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39.

40.

41.

The use of cathode ray tubes as detection displays requires

CONFIDENTIAL

Sonar operators typically do not adjust CRT bias
and gain optimally for detection performancse.
Targets producing low intensity signala can be
detected with much greater frequency using experi-
mentally determined cptimum settings than when
using settings “"preferred"” by operators (20).

A 3-db gain in detection performance of an operating
SQS-23 was obtained when ship's operators used
experimentally determined coptimum Hias u.nd gain
settings in contrast to their nurmally prefarred

settings (26).

Search radars in patrol aircraft (P2Vs and PS5Ms)
are also likely to be operated at non-optimum
brightnesa levels, ambient illumination in the
P5M aircraft is sufficiently variable to introduce
serious losses in detection probability.

There are aleo adverse effects on target detection
of the relatively high compartment iilusination in
the HSS8-2 and of the conseguent requirement that a
viewing hood be used (17, 18).

o the Nav

continuing research into the questions of optimal design and
operator procedures. It is clear that the actual detection

capability of a complex sensor system may be far different from

its theoretical capability, as a result either of inappropriste
control settings or non-optimum visual search procedures, or bdboth,
Target detection performance also can be improved by proper

seiection of personnel and more comprehensive training. 8election

should be directed toward obtuining persunne’l wi.s are highly

vigilant
Training
displays
nition.

training

for Lthe type of diaplays used for sonar (see Topic V1),

should be directed toward procedures for calibrating the
properly, optimum visual search patterns, and echo recog-
Existing training equipment is not properly designed for
these activities, although nome films and tapes of sonar

echoes ars appropriate for training in echo recognition.

14
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VI. STUDIES OF OPERATOR &IGILANCE
|

i
HFR studies in vigilance have been }onductec at a very funda~
mental level. Vigilance is defined as ﬁhe ability to sustain
attention over prolonged periods of time for an event (stgnal) that
has a relatively low probability of occ@rrence. An additional
characteristic of moast situations r&quiiing vigi .ance is that 1t
ig critically important that the signalgbe detected at the carliest

possible moment. Furthermore, failure t{o Jdetect a signel can be

disastrous.

The sonar watchstander is confronted with a vigilance task that
is unique in many respects. He may ‘pend hundreds of hours on watch
without experiencing a target -lgn311 He monitors both sural and
visual displays that present unique, partially redundant information.
The search task is demanding, yet boring, and the opportunities for
a sense of contribution and reward are few. Sonar operators can
expect to be virtually ignored for long periods of time by the per-
other shiz's sctivities, hy the watch officers, and even

»
sounwi wui Lhip

by the command.

s ific Reguls

42. A vigilance decreme.:t (loss) occurs in the first
few minutes of a sonar watch. On the average
about 20% fewer detections are made of signals
that are of such intensity as to ba readily
detectable wiaen the operstor is fully aslerted (16),

43. There are large, stadle individual differences
among operators in abfility Lo sustein vigllance
for the types of aural and visual stimull associ-
ated with sonar signals (2).

44, Individuals wno are vigilant for visually dias-
played signals are not necessarily vigilant for
auditory signals and vice versa (2),

15

CONFIDENTIAL

O St s st O LI A N A AR 0 T et

Tl LT FTOSRT,

S Gl DG B s

* -iamn-lllﬂlllﬂllﬁ-ll---------mn--u----llr*



[ -

pemn  pemy  pess pumy ewy gEmS WS ONDY DUNS SNON  YUMS NG MEm  Maw

-

ynnporg

45.

46.

47.

48 .

49.

50.

51.

82.

83.
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The more difficult it is to recognize the signais

on the display, as defined by percentage of de~ <
tections under alerted conditions, the greater the
performance decrement as time on watch progrenses}(s).

1
The frequency of “non -observing" responses (looking
away from a visual detection display) increases Z
with time on watch and is positively related to the

number of signals missed (14).

1
Sigrais can bs missed when even the eyes are ;
tixated on the detection display (14).
1f probability of signal occurrence on a visual |
and an auditory dispiay is equal.  and both displays
are being monitored by the same operator, @more’ i
signals will be detected on the auditory display (8),

1
Operators monitoring more than one dispiay are'
inclined to attend selectively to the display
having the more easily recognizable signals. it
the displays are not redundant., this can adversely
affect detection probability (8). )

Detertion performance on redundant auditory and
visual displays is superior to that on elther
display used arone (8),

Under routine watchstanding conditions there appears
to be less performance decrement with auditory than

with visual displays (2).

The probability of signal detection is (within
1imits) positively related to the rate of signal
occurrence. The less frequently sigrals appear,

the more severe will be the loss in detectaons

due to the vigilance decrement during the watch (1>,

8ignal detection performance is related to "expect-
ancy"” on the part of the operator, 1f the operat)r
has been cunditioned to exjéct eignals at very
irregular intervals, the probabtiity of signal de-~
tection decreases as a function of the smount of
time elapsed since the last detection. In contrast,

1f he is conditioned to expect siguals regularly, the

grobability of detaction increases As & function of
time since the last detection. Operators expecting

long intervals between signals are particularly prone
to missing signals that occur soon after one that has

been detected (9).

1e
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54.

56.

58.

57.

58.

59.

0.

é1.

62.

Immediate knowledge of how well he is doing (per-
formance feedback) reduces the operator's vigi-
lance decrement (1l).

The introduction of artificial signals increases
the probability or detecting inf.cquent reul
signals (1),

The level of vigilance maintained by the operator
is also a function of eavironmental sati.ulation
from sources other than the detection displays,
If the extra stimulation is not actually dis-
tracting, the added "arousal" i{! provides serves
to facilitate vigilance (8).

Vigilance decrements are less severe in complex
monitoring situations than in simple ones although
the absgolute level of performance may be lower ior

the complex display (i).

When the signal rates on a visual display are low,
a variety of auditory stimuli reduces the vigilance

decrement (7).

Eavironmental noise reduces vigilance performance
on complex vigilance taasks (1).

Short, frequent rest perioas are betier four sus-
taining vigilance than long, less-frequent ones (1).

Performance on vigilance tasks is not reliably
predicted from szcores on conventtonal psychological
tests of aptitude, temperument or motivation.
Traditional sensory threshold measures are only
adlightly predictive of vigilance performance (4).

Detection performance during a short test of vigi-
lance is predictive of vigilance during prolonged
watchstanding. Men most sensitive to the discrimi-
nations required by the operational display show
the least decrement in perfarwance (2),

JAmportance to the Navy

There is little doubt that sonar target detections are made

less frequently and with greater delay as a result of losses in

vigilance on the part of operators.

17
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in detection ranges between routine and "alerted"” search during
actual sonar operations 1s an additional objective reminder of this
fact., More serious, however, is the unknown number of detectabdle

targets that go completely unnoticed.

Failure to detect detectable targets is also, of course, the
result of factors other than vigilance loss, such as equlpment cali-
hration, operating technique, and visual search pattern. What to
do about some 0f the non-vigilance nroblemg hus been discussed else-
where in this summary;. Concrete steps can also be taken to help

minimize the vigilance decrement:

a) The differences among operatora ir suscepti-
bility to vigilance loss while monitoring sonar
displays can be measured and used in qualifying
them for various watchstanding tasks.

b) Injection of synthetic signals is a feasidle
means of increasing signal rate and consequently
combating the effects of the vigilance decrement.
Minor modifications to presently existing ship-
board equipment (signal injectors) would be quite
adequate for this purpose. However, successtut
imptecsentation would reguire the involvement and
understanding of all watch officers. Signals
should be programmed and performance monitored
by officers on watch, not hy other members of
the scnar team.

<) Synthetic signels cun also dbe used to provide
much needed recognition and performance feedback
to operators. It would be possible to extend
the technique to include shipboard training in
search techniques, making proper bias and gair
settings, calibration of displays, etc.

18
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The recording and analysis of representative submarine and non~
submarine contacts made wnile using operational equipment at sea is

a fundamental requi rement for determining the classification capa-

CONFIDENTIAL

V11. RECORDING OF TARGET DATA AT SEA

bility of an ASW system., Such data are needed to determine the

quantity and quality of clues producible by the equipment.

more, the recordings also can be prepared in test form for measuring

FPurther-

the abilities of ASW pursonnel in clue recognition and actual classi-

fication.

The first systematic collection of target data specifically

directed at the classification problem was made by NEL, with HFR

assistance, using SQS8-10/11 equipment.* Since that time, HFR

periodically has made additional collections as the fleet received

new equipments or important modifications to older equipments.

In each cas:, analyses have been performed to redetermine the

adequacy of the displayed information for classification.

Specific Results

83,

64.

és.

8é.

Representative samples of sudmarine and nonsubdbmarine
contacts as displayed by the SQS-29 series sonars
(including VDS) were recorded and analyzed (22).

Representative samples of submarine and nonsudmarine
contacts as displayed by the SQ3S-23 gonar were r~-
corded and analyzed (23).

The first system for recording target data from the
displays of an airborne (. e¢l!>onter) sonar systea
was desigrned and developed. Su.cossful recordinge
of contacts as displayed by the AQS-10 sonar were
made (13),

The first sound motion pictures f(or training and
testing recognition of faint target signale preserted
by scanning sonars was developed (5),

*Uade: an earlier contract.

19
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67. The only effective doppler performance tests for
SQS-~4, SQS-29, and SQS-~23 sonaras were constructed.
These teats werc comprised entirely of actual
target recordings with doppler values determined
under carefully controlled conditions (12).

68, Seven motion picture tests of SQS-23 contact data
were developed for use in measuring the classifi-
cation skills of ASW personnel and testing the
utility of special classification aid:. such as
HHIP and MITEC.*

Importance to the Nav

The motion picture tests have been reproduced and distributed
Ly the Bureau of Persannel to all ASW training facilities. They
constitute the only existing effective aids to SQS8-23 target classi-
fication training.

Target recordings have aleso been distributed to industry on a
iimited basis when requested by the Navy. These have had an impor-
tant influence on design concepts for specialized classification

equipment now in various stages of development.

Doppler tests, slides of graphic recorder traces, and films
designed to train faint echo detection have also been made aveiladle
on an informal basis to the A8W Schools.

*No report describing these films wae issued under this contvact.
A full analysis and an instructor's guide was published under a
separate contract with the Bureau of Personnel.

20
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VIII. DETEAMINATION OF CALIBRATION AND MAINTENANCE
SK1LLS OF SONAR TECHNICIANS

it has been evident for some time that the complexity of sonar
equipments has been increasing at a faster rate than have the
abilities of sonar technicians to cope with the calibration and

maintenance requirements tnat are the inevitable result of such
complexity.

Until recently l1ittle attention has been focused on the capa-~
bilities and limitations of sonar technicians in the ares of mainte~

nance. There are several reasons for this, and they are largely

unique to sonar operaticns:
the actual operating steatus of the sonar;
separate the effects of sonar (water) “conditions"

(1) no easy means exists for checking
(2) 1t is difficult to
from equipment

conditions in evaluating sonar equipment performance; (3) except

during ASW exercises, little attention is paid to sonar equipment

performance since no means exists for encountering contacts on any

but a chance basis; (4) the ASW officer generally is nol aufficiently

trained to challenge statements of the technicians about the status

of the equipment.

Work by HFR in this area has been directed toward the objective

determination of the status of equipment, on the one hand, and the

corresponding skills and knowledge of sonar technicians, on the

other.

Snecific Resulte

69, A test of calibration proficiency for the 8QS-22
was developed which showed that the average
rated technician lacks the knowledge necessary
to understand the effects of various calibrations

(24).

21
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70. The "cookhook" calibration procedures outlired in
the technical manuals were found not to produce a
fundamental understancding of the effects of
various adjustments on the status of the equipment
(24).

71. Substantial errors of calibration were found to be
the rule rather than the exception in a sample of
8GS-23 destroyers. For examnle, the average error
in range calibration was well beyond cificially
stated tolerance levels (24).

72, An improved nprocedure for bearing alignment with
the SQS-23 was developed (24).

73. An analysis was performed to determine how various
calibration errors are specifically related to
performance deficiencies in detection, target
classifigation, tracking, and fire control (24),.

74. An analysis was performed showing that the training
glven to U.S. Navy sonar technicians is far less
extensive than that given to European technicians
with similar maintenance responsibilities (27).

Iszcriance to the Navy

A multitude of interrelated techaical aund administrative
problcms have limlled progress in devcloping maintainable sonar
systems in the U.8S. Navy. Sukstantial improvement can be predicted,
32: (1) the effort to assess technicians' capsbilities by objective
testing procedures is continued; (2) training programe are extended
or modified in accordance with the findings of such assessmrats;

(3) equipment designersa are compelled to employ techniques and
components that reflect the current state of the art in desaigning
for maintainablility.

22
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IX. ANALYSES OFf ASW SYSTEMS IN OPERATION

Although the majority of the investigations cenducted by HFR

under contract Monr 2649(00) have been experimental in form and

Girected toward very specific questions, a few have consisted of

broad systems analyses encompassing all phases of operation of a

complex ASW system. To date ihese
usually at the request of an operating command.

have been concentrated on air-

borne systems,

Specific Results

75. Object evidence concerning the actual capabilities
of MAD. JULIE, and Sonchuoy systems in the hands

of typical gperators ls extremely limited (18).

76. Training exercises typically do not provide oppor-
tunities for false positives,K that ia, thc possi-
bility of reporting contacts when, in fact, no
submarine is present. Exercises should be designed
so that "expectancy”™ is not a contributing factor in
measuring operator detection capability (18).

77. There is much room [or improved operating procedures
in the use of the weapons system trainer for ASW
patrol aircrews. A similar concliusion holds for
needed improvement in team communication procedures
in the aircraft itself (18).

78. Better use can be made of ASCAC in evaluating the
zission performance of ASW aircraft teams (18).

79. The trainer developed for AQS-~10 sonar operations
is useful for routine procedures training only.
It 1s totally inadequate to mest the needs for team
trsining or training in target detection or
classification (17),

importance to the Navy
A3W gystems continue to grow {in complexity. ¥hile some

functions wili be almost completely automated in systems now under
development, humans will continue to play key roles, at some stage

CONFIDENTIAL
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or another, in the processing of data and the making of decisions.
Many past dissatisfactions with human performance in ASY stem from
the limited capabilities of the system’'s sensors, from poor displays,
and from the limitad opportunitian the personnel have to practice

basic acquired skilles in the «perating environment

The substitution of automatic dats processors for human ones
#il)l not solve the fundamental problems of limitcd sensors, less-
than-optimum displays or insufficient ASW experience. Rather, the
likely result is a substantial increase in calidbration and mainta-
nance problems that are just as difficult to cope with, or more so, -

than the operational problems the automatic proceasor was designed

to eliminate.

S8ide~by-side comparisons of the performance capabilities of new
complex systems with older, simpler systews, ypder representative
operating conditions, appear to bes somewhat unpopular, 1f their
number is any criterion. There is a growing suspicion, however,
that many of the newer systenms have not only failed to achiasve their
theoretical performance level in the handi of ths fleet, hut actually
do not perform as well, from an overa'l aystems point of view, as

some of their grandparents.

There must be a more adequate solution to the Ra§y'a operatiag
problems than the simple substitution of next Jear's model for last
year's, at several times the cost. It would seem that the point has
been reached where more improvement might result from conceutration
on the human problems rather than on Lthe slectronic problens.
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REPORTS (SSUED UNDER CONTRACT NONR 2849(00)

Number

Title

Authors

18

28

48

Target Classification Using Active
Scanniag Sonares (U) (1958) CONF,

Review and Critique of the Literature
on Vigilance Performance (19593)

A Bibliography of Research on Huwman
Vigilance (1061)

A Study of Individual Differences in
Vigilance Performance (1960)

3ubjective Reactions of Vigilance
Performers (1960)

The Probability of Signal Detection in
e Vigilance Task as a Function of
Intersignal Interval (1960)

An Exploratory Study of the Ccrrelates
of Vigilance Performance (1960)

Cross-validation of Some Correlatas of
Vigilance Performance (1961)

The Development of an Experimenta!l
Motion Picture Sonnr Targe: Recog-
nition Test (U) (1980) CONF.

The Effect of Irrelevant Environmental
Stimulation on Vigilance Performance

(1960)

Irrelevant Stimulation and Vigilance
Under Past and Slov B8timulus Rates
(1961)

A Comparison of Performances on 8ingle
and Dual Sensory Mode Vigilance Tasks
(1961)

Signal Detection as a Function of
Intersignal Interval Duration (1962)

Mackie, Gavin and
Parker

M :Grath, Harabedian
and Buckner

McGrath
Buckner, Harabedian
and McCrath

McGrath

Harabedian, McGrath
and Buckner

McGrath, Harabedian
and Buckner

McGrath

McGrath, High and

Mackie

McGrath

McGrath and Hatcher

Buckner and McOrath

McGrath and
Harabedian

]
8 =

Supplement to principal report.
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REPORTS ISSUED UNDER CONTRACT NONR 2€649(00) (cont.)

Title

Authors

10

11

208-13

206-14

206-13

206-16

208~-17

206-18

206-19

206-20

Further Experimentation in Tratining
Target Clagsification Principles
Applicable to Active Scanning Sonars
(u) (1961) CONF.
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