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SUMMARY
Objeective

The objective of this research was to examine the effects
of various ovperational situations upon sonar operators' contact
reporting behavior. The act of reporting a contact constitutes
the only operationally significant definition of "detection,"
since, in the absence of such a report, a ship has not made a
"detection'" and cannot react appropriately, regardless of the
state of mind of a scnar operator. Different operational situ-
ations have been observed to lead to different sonar contact
reporting behaviors. This research was intended to deveiop a
more complete and quantitative understanding of that effect,
to permit more accurate prediction of its influence on ASW
performance, and to suggest means for modifying reporting be-

havior, if necessary, to optimize ASW performance
The Attitude Survey

The aspects to be investigated were suggested by statis-
tical decision theory. This theory identifies variables which
have an important impact on optimum decision making. For the
sequential detection situation, these variables include: (1)
the decision criterion, or threshold; {(2) the consequences of
missed detections; (3) the consequences of false detections;
(4) the a priori probability for the presence of a target; and
(5) the "cost" of additioral observations. Fcr the case of the
human decision maker, it has often been pcstulated that the
subjective values of these variables influence decision-making
behavior in a manner similar to the mathematical model. The
first phase of the research focused on obtaining the judgments
of fleet sonar operators and destroyer officers vegarding the
subjective values of these decision-making variables for each
of 17 operational scenarios, which depicted a wide range of

peacetime and wartime destroyer operations. The individual




scenario descriptions were printed on cards and each of the
personnel interviewed was requested to place the 17 cards in
rank order according to sets of instructions directing atten-
tion to the five decision-making variables. With few ex-
ceptions, the CO, X0, operations officer, ASW officer, weap-
ons officer, and the sonar operators of 20 destroyers were
interviewed, involving a total of 99 officers and 119 sonar

operators.

By appropriate psychometric scaling methods, the judgmen-
tal data obtained in the survey provided not only information
concerning the rank order of the scenarios on the various

decision-~variable dimensions, but their separatioas along these

dimensions as well, based on the variability in responses.

The principal findings of the scalir ; of the tactical scenarios

on these psychological dimensions were:

1. Sonar contact reporting thresholds were principally
determined by the subiective assessments of the
consequerces of missed contacts and of the conse-
quenices of delay in contaet reporting (i.e., the
“"cost" of additional observatiocns). Thz judgments
of these coasequences for e2ih scenario were essen-
tially ideatical, and result frcm what we might
descriptively call the "threat" inherent in the
tactical situations. To a lesser degree, the
reporting thresholds were also found to depend upon
the judged probability of making submarine contact,
and the judged conseguences of false contacts.
These relationships were expected.

The following result was unexpected. While assess-
ments of the scenarios with respect to reporiing
threshoids, missed contaci consequences, probabil-
ity of submarine coniact, and the "ecost" of observa-
tions were very consistent across all personnel
interviewved, the assessment of the consequerces of
false contacts was very inconsistent. It was found
that 55% of the personnel ranked the wartime scenarios
as having the most severe false contact consequences,
28% of the personnel ranked the wartime scenarios as
having the least severe false contact comnscquences,
and 17% of the personnel followed no pattern at all
in ranking the scenarios with respect to false con-
tact consequences.
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This inconsistency of response is believed to result from
the peculiar status of th: "false contact™ in ASW, owing to
the active sonar target classification problem. False con-
tacts are the most frequent occurrence in surface-ship ASW
operations of most kinds, but no tactic or equirment exists
which can easily cope with the resulting attack decision
problem. Owing to the lack of any easy answer to the false
contact problem, the problem itseif has cften been dealt with
superficially, both in the training of tactical officers, and

in various research efforts concerned with surface ship ASW.

It was found that the diverse and inconsistent attitudes
toward false contaet consequences influenced the respondents’

reporting threshold evaluations, and it seems likely that

these attitudes would affect decision-making behavior in actual

ASW operations, as well. Therefore, we regard this finding as

an indication of a significant problem area.

In addition to these results, the application of multi-
dimensional scaling tcecchniques to the survey data revealed
vhkat appears to be a "personal consequence" dimension to the
assessments of the decision variables, in addition to the ex-
pected '"tactical consequence" dimension; and the responses to
a questionnaire related to problems in ASW leat further in-

sight into these problem arecas.
Tl:e Detection Experiment

The second phase of the rescarch consisted of the conduct
of a sonar detection experiment, in which the influence of the
“operational situation" con performance could be measured teo
give an objective evaluation of the effects of psychological
variables. The physical "thrcat" inherent in wartime situa-
tions cannot be reproduced in an experiment, of course, but
there is one operationally mecaningful variable that relates
directly to perceived importance cf the tactical situation,

if not to the perceived threat per se. That variable is
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"command attention."™ The intent was to measure cperator detec-
tion performance against a given set of signals in a setting
which wculd first minimize apparent command attention; and
measure performance of the same operators against the same
stimuli in a setting in which naximum possible command atten-
tion would be brought to bear, thus creating two situations
genuinely perceived by the operators to be of very different

importance with respect to their detectioa performance.

The SQ3-26 A-scan display was used to generate stimulus
materials. This displeay is a nemory-type device which pre-
sents a history of sonar pings im a static¢ presentation. This
static characteristic permitted the usc of still photography
to create a realistic representation of the somar display, by
the rear-projection of ping-by-ping sequences of color traas-
parencies onto translucent display screens of the same size
as the sonar display CRT. Seventy-two 6-ping sequences of
color slides were prepared, forty-eight ¢f which contained
FM or CW targets with random strengths, locations, and motion,
generated by the sorar's target simulator; and twenty-four of
wvhich contained only reverberation and noise produced by an
dpparatus constructed for this purpose. Preseniation of these
sequences in random order at a real-time rate resuited in a

detection task of approximately three hours duration.

During the course of a week, 18 experienced 5QS-26 sonar
operators performed this 3-hour detection task. During this
period the operators were asked to repert any contacts which
they felt they would report aboard their ship during routine
operations. Responses were required only when they wished to
report a contact, in which case 2 push button was to be actu-
ated, and the target range, bearing, and other information
were to be recorded in a contact reporting bogcklet. The set-
ting for this "low command attention" phase was that of an
experiment conducted for the Navy by civilian researchers,

but without expiicit consequences {for either errors or
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error-free performance of the task. The origin of the stimulus

materials was never discussed with the sonarmen and knowledge

of results was never given.

In contrast, when the same sonarmen arrived during the
subsequent week, a U. S. Navy Co=zmmander, in uniform, was
present in the roo=m e made a statenert to the men follow-

ing this guideline:

The exercise last wesk was, in reality, just
a warnm-up fer the very important task I want
you to nerforn today. 1In the interest of de-
veloping optimum tactics against the Soviet
submarine threat, you zre being asked to view
a series of recently acquired data where it
is known that a number of targets may be de-
tectable., Security prevents my discussing
the nature of these data in detail, but it

is extremely impertant that every valid con-
tact bz identified zs such. Our estimate of
the threat clearly dzpends on the most accu-
rate information we can get in this respect.
Therefcre, rleace repert any contact that

you fcel qualifies 2s a2 "possible sub." Re-
port at the earliest peint in the sequence
where you feel such a report should be made.

Following this statement, the nen sere given response booklets
which had security classification markings (unlike the first

veek's response bocklets), and they were requested to perform
another 3-hour detection task (which in fact employed the same

stimulus materiazls that were used in the first week}.

Thus, the setting duriag the second week was quite dif-

ferent from that during the first. Every effort was made to

ake performance of the dotection task appear relevant and
consequential to the "operational Navy,™ via the "high" level
of coammand atiention focused upen it. The results of the

experiment may be¢ summarized as follows.

1. The "h ] d resulted in
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only 4%; and by redu.ing CW false reports by 31%
while increasing CW correct reports by 20%. The
differential effect by signal type is attributed
to the different psychophysical tasks presented

by the FM and CW portions of the display.

Each sorar contact report was required to have a
contact "quality" judgnent, using '"good," "fair,"
and “earginal" contact quaiity categories. It

was found that these quality judgments had diag-
nostic value; that is, 2 higher percentage of the
contacts judged to be in the “good" category
turne¢ out to be true target contacts (as opposed
to falce target reports) thanm in the "fair" cate-
gory, and so on. The effect of the "high" level
of command attention was to improve target dis-
crimination performance in every contact quality
category, for both types ¢f signals. For example,
for FM targets in the '"good" category, the propor-
tion of corre.t reports was increased from 74% for
the "low"™ level of command attention to %4% for
the "high" level. Siwmilar improvements were seen
in the other categories.

Each sorarman was required to estimate the range
of ezach contact he reperted. During the “high"
ievel of command attention, a2 19% improvement in
target range estimation performance was observed,
compared to the performance at the "low"™ level of
cemmand attention.

On a Receiver Operating Characteristic graph, the
"high" level of command attention moved the CW
operatiag point away freom the operating point for
the "Tow" level almost perpendicularly to the-
“"char.c2" diagonal, in direction of improved
eff:ctive signal de‘ec ability; and the displace-
me1t of the FM operat point had approximately
equal compcneats of p ndicular movement, cor-
respondzng te 1mp'ovcd tectability, and parallel
moverent, cerresponding to a change of reporting
criterion in the directiun of increased "caution."”

o= e

@ b
Q. w2
C ¢t O

P

upon certain assumptions, the signal detec-
theory statistics 4' and B were calculated.
s seen that, on the zverage, signal detect-
ity was grecater fer the FM signals than the
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grals; and that more "strict" reporting cri-
(i.e., larger velues of §) were emploved for

M si"n1ls than for C¥. It was also scen that the

Y"high" ¢l of command attention brought about a
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35% improvement in FM signal detectability, and a
64% improvement in CW signal detectability, con-
parel to performance at the "low" level. The
reporting criterion concomitantly increased by
105% in the direction of "caution" for FM signals,
and by 34% for CW signals.

Thus, target detection performance was significantly
better during the high command attention phase than the low
command attention phase of the experiment. However, it is
very important to stress that the contrast between actual
peac2time {(non-ASW exercise) and wartime target detection
and reporting behavior would stand in even greater contrast.
While the sonarmen were asked to report any contacts "which
they felt they would report aboard their ship during routine
operations"™ for the low command attention phase, the setting
was obviously one of a detection experiment, which places
th2? emphrsis on makiag tzrget detectinas, and implies that
there are targets to be detected. Furthermore, there was
obviously nc immedizate conscquence for any false detections
that might be made. In contrast, the actual routine peace-
time operational setting carries with it a very low probabil-
ity of making a valid target contact; and there is an immediate
consecvence to reporting false target contacts, in that they
are birought to the attention of command. The results of the
attitude survey, anecdotal evidence collected from the survey
responiznts, and the results of ASW exercise reporting per-
formaace cownpared to non-exercise contact reporting indicate
that the routine peacetime sonar contact reporting threshold
is typically more "strict™ than that employed during the low
conmznd attention phase of this detection experiment. Thus,
the cfiect of the high level of command attention upon ASW
perfor-ance at the onset of war could be expected to bring
about the improved "effective signal detectability" which we
have scen t6 occur in the detection experiment; and to bring

about an overall increase in the number of target reports, as

compare. to routine peacetime operations, by lowering the
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reporting threshold to the comparatively "free” values observed

in both phases of the detection experiment.
Conclusions

In the operational sonar detection situation, the noise/
reverberation background is an insignificant source of "false"
responses, compared with that uanfortunately large class of
objects which give rise io "faise contacts.” '"False contacts"
produce real echoes, whose characteristics differ significancly
from the noise background, principally in having a degree of
persistence impossible of the true noise/reverberation sources.
Particularly during peacetime operations, these falce contact
sources greatly outnumber actual submarine contacts. The re-
sults of the attitude survey, the detection experiment, and
specific anecdotal evidence collecred from the survey respon-
dents indicate that the pescetime “soluzion' 1c this consider-
able incidence of false targets consists of a "Jow detection
efficiency, strict reporting threshold” mode of operatiom,
brought about largely by the typically low level of command
attention fccused upon the sonarman's peacetime role. The
consequence of this mode of operation is to screen out false
{(and valid) contac’ at the lowest hierarchical level, re-
iieving the rest o. he team (CIC, UB, and Command) of the
burden and the experience of the ASW decision-making process.

In the event of war involving ASK, however, that burden
is going to shift. The high l2vel of command attention which
will undcubtedly be focused upon the ASW role, and the presence
of an actual threat situation, will lead to a "high detection
efficiency, low reporting threshkold"” mode of operation. And
this is a desirable and probably optimum mode of operztion,
for it opens the channel from the primary ASW sensor to the
entire ASW team, permitting classification and attack decision
making to function with all the resources that can be brought

to bear by the individual surface ship, including inputs other

than sonar. The difficulty, as we see it, lies with maintaining
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this optimunm state for destroyer ASW operatioas. At the onset
of war, the naturally large number of objects which can cause
false contacts, the greater wartime inclination for the sonar-
man to detect and report them, and the inexperience of the rest
of the team in dealing with them (and their heterogeneous
attitudes toward them) will constitute a serious ASH decision

problen. The seriousness of the matter is heightened by the

typical peacetime conduct of destrryer operations, which often

denies the ASK team the experience of reporting and prosecuting
the false contacts which do exist in the ocean mediuwm, in peace

Or WwWar.

We fear that unless destroyer officer personnel appreciate
the false contact probler in its fullest extent, apparent com-
mand dissatisfaction with classificativn performance during the
transition to a genuine ASW role will, inteationally or unin-
tentionally, influencc the sonar operator in the direction of
undesirably conservative detection and reporting behavicr.

And it is a discouraging fact that very many destroyer command-
ing officers have been provided with very little ASK training

or practical experience.

Ke see the destroyer commanding officer as the key deter-
miner of ASW team decision-aaking beizvior during the transis
tion to a wartime ASW role. Research umder this contract is
now focusing on the destroyer officer's probabis responses to

wartime ASK decision situations.
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CHAPTER 1
INTRODUCTION

The Probiem

t is necessary for the Xavy to make quantitative,
detailed, and accurate estimates of expected performance in

a wide range of threat situations, and particularly in accom-

plishing its potential wartime missions. The perforaance of

active sonar systems is critical to many of those =missicesns,

so it is essential that cbjective procedures for predicting

the performance of sonar systeas with man in the loop be

developed. It is also necassary to develop sufficient under-

standing to permit modification and optimizatiom of that per-
forzance where it is fo.nd to be inadequate or non-optizus.

The perforamznce of an active somar systea is greatly

dependent upon the behavicr of the somar operator as w%ell as

upon the functioning of electromic circuitry. The latter is

comparatively well-known and deterministic. However, even

the =ost sophisticated contemporary sonar equipment essen-

tially only prepares inforsation for a far aore co=mplex

processing step: the operator's dsotection decision. If this

decision were not so complex, we weculd require the eguipment

¥
itself to make it. Because this processing step is noi de-
scribed in any electronic blueprint, it has not traditionally
been a2 candidate feor quantitative analysis ang predictive syn-

thesis. Deterzination of detection perforzance has previously

taken into account the physical characteristics of the signal,

noise, and reverberation, but little attention has been given

to the influence of situational variables upon the operator’s

detection behavior and the consequent effects on sonar per-
formance predictions.

A precise definition of “detection" is, of course,

essential. Becauvse of the complexity of the active sonar
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target detection/reporting task, more than one definition
aight be possible. One frequently hears s distinction made
between "detection™ and "reporting"--the report of sonar to
the bridge that z target has been "detected." It is also
frequently heard that an operator's “reporting criterioa™ is
higher thaa his "detection criterion," so that he does nct
report all that he "detects.”™ ¥hile these observations in-
dicate that "detection™ might be defined separately from
“reporting,"” they also reflect awareness of, and concern for,
an izportant fact: that sonar operators "filiter™ information
in trapsmitting it from the seasor t¢ these in command. The
exact nature of such "filtering™ has not been gumantitatively
knowa.

operator. n order to best estimate expected performance of

the Navy in facing any AS¥ situ:ztion, operator reporiing be-
havior =ust be known for that situation. OFften, detection
perforzance has been evaluated in experiz=ental cituations in
which no attempt was made to relate the operator's "experi-
Bental detection criterion" tc the criteriom he would use for
sonar contact reporiing during operational situatioms. The
"recogrnition differential" deterzined by such an experiment
mzy be useful in ®=aking equipm=ent performance comparisons,
but it bears am uncertain relationship to the expected per-
formance of a ship in facing an ASW threat. Knowledge of
reporting behavior necessarily encompasses intermediary de-
tection behavior, but the converse is certainly not true.

It has been the basic objective of the research described in
this report to be concerned with sonarmen's target reporting

behavior and the influence of the operational milieu upon it.
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The Approach

Our approach to understanding the sonar reporting decision
has been guided by statistical decision theory. Statistical
decision theory provides normative mcdels for decision making.
Khen verious decision parameters and explicit decisicn goais
are specified, the theory prescribes mathematically cptizua
procedures for decision =aking. The subset of the mathe-
=watical theory dealing with binary decisions (typicaily, the
decision concerning the presence or absence of a2 signal in
noise) has been particularly well developed in the context of
eiectrical co=z==z=unicatioa. Su bseq zntly, the "theoryr of signal

€ use as 2 pathematical model
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for the huzman as 2 detector ia psychophysical tasks. ¥hile
the arpropriateness of the assumptions necessary to aake this
spplication are not without controversy, the approach has
Tzadevad the singuiar, uncoutroversial coatritution 6f drawing

well-deserved attention to previousd

‘-

eglected aspects of
hu=man detection perfor=ance: the "false aiara™ error; the
influence of signal probzbilities; and the Influence of sub-
jective costs (or values® of vzrious decision outcomes. There
is now a large literature reflecting great atteation to these
aspects of decision =making for psychophysical detcction tasks.
Green and Swets (1968) give an excellent introduction to the
application of signal detecticn theory to psychcephysics;
Jeffress (1969) discusses these matters in the context of

scnar detection.

However, most laboratory psychophysical tasks, while
bearing somewhat questionable relationships to the underlying
assumptions of the common signal detection theory model,
because of their complexity, are fnemselves simplistic com-
pared to most "real-world" detection tasks. Two things in
particular distinguish the sonar detection task from common
psychophysical tasks: 1its *vigilance" aspect; and its "se-
quential" nature. In the psychophysical task, the "basic human




perceptual mechanisa" is usually the principal object of study,

and it is usually the desire to have experimental results un-~
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confoundec with the effects of low signal probability, varying

degrees of arousal and motivation, prolonged work pericds, and

W AN

other sources of variation inherent in the typical operational
task of searching for infreguent, difficult-to-detect signals
over relatively long periods of time. The presence of these

fl‘m\ll‘ 1] J

effects, organic to the sonar detection situation, strain the

]

assumptions underlying the application of the most common
signal detecticn theory model (i.e., that which assumes egual-
variance Gaussian noise and signal-plus-noise distributions).
For a discussion of the application of this model to vigilance
tasks, see Broadbent (1971). —

Further complicazing the application of the simple model =
is the sequential npiure of the sonar detection task. The »

Sonar opeiaisYy is noei pressnted with o clearly Jefined Yop- -

portunity” in which he must respond either positively or -

negatively regarding the presence of a signal; rather, the E

situation is one in which he may either decide to report a

E
%

contact, or to gather more infcrmation. Indeed, this par- i
ticular situation even cmits one of the alternatives of Xald's
sequential decision model (Wald, 1947), in that no "rejectioa" %f
decision is made overtly; the operator either reports, or

continues observing. Birdsall and Roberts (1965) recently £
have theoretically extended Wald's sequential analysis to in- =

clude costs and probabilities, producing what may be the =ost

appropriate fabric for a model of somar contact reporting; =
however, this application has not yet been atteapted.

If a precise yet satisfactory theoretical description

of a task as complex as sonar detection is wanting, however,

a more general but valuable insight from statistical decision
theory is not, for the theory directs our attention toward
the potentially important variables of the decision-making Ej

process. These variables are listed below in the context of
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the sonar reporting decision.

1. Contacet reporiing criterion or threshold: it
is postulated that a sonar contact is reportad
only when confidence im that contact, formu-
lated from observation of the sonar displays,
excesds a "reporting threshold,™ which itself
is a functicon of the other decision variables,
1isted below.

2. Hissed coniact coi:szguences: the perceived con-
sequences, or "cost,™ of an error of omission.

3. False contact consequences: the perceived con-
sequences, or "cost,” of an error of co=mmission.

4, Likelihood of mcking corntact: the subjective
a priori probability of a2 valid sonar contact.

5. PCost"™ of additional observations: the per-

ceived consecuences of delayimg sonar contact

repoTting, tc obtain additionzal information.
Tw0 other variables of the general dazcision situatioa were
felt inappropriate to the sonar contact reporting task. These
are the "values™ of the correct outcomes cf the detecticn de-
cision: T"correct detection,™ and "valid rejection.™ It was
found through pilot survey work that the "value" of a2 correct
detection was a difficult concept for the sonar operztors to
evaluate; and the valid rejection is net appropriate because
1t is accompanied by no overt response froz the sonar operator
{assuming, of course, that the contact has not already been
reported).

Theory (and co=m=on sense) suggests that variables 1 through
5 are inportant decision-making variables. As applied to huaman
decision making, these variables =mzy be regarded as constituting
psychological dirensions, and subjective values on these dimen-
sions for 2 given decision situation may influence decision
making. The first objective of this research was to conduct an
attitude survey and apply psychometric scaling methods to de-
tersine how realisiic taciical scenarioss are evaluated on these
dimensions by the decision makers ithemselves--a representative

sample of destroyer sonar operators.
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In addition, the evaluation of the scenarios by destroyer
officers was desired. This wzs motivated by the fact that the
theoretical detector can only be said to be "optimum" with
respect to the given consequences and a priori probabilities.
The determination of those consequences and probabilities is
outside the scope of optimum detzetion theory. Therefore,
even if the sonar operator behaved precisely as an ideal de-
tector, that behavior would only be optimum for the decision
variable values as he perceives them. Nothing guarantees
that his evaluation of an operational situation, in terms of
consequences and p ‘obabilities, is "optimum" in any sense.

A definition of optimality for the:s variables would, indeed,
be an elusive thing. However, it i1s in nart the judgment of
just such elusive things as the consequences of missed de-
tections and false alarms, and of the probability of meeting
one's adversary, which characterize the responsibilities of
command. Thus, the survey was designed to include a repre-
sentative sample of destroyer officers, as well as sonar
operators, to permit comparisons between these groups. The
survey method, procedure, and results are described in dotail

in the next chapter.

Scaling realistic tactical scenarios in a psychological
decision-variable space was expected to result in a unique
and valuable contribution to understanding the nature of the
important theoretical decision variables for the specific,
practical task of sonar contact detection and reporting. How-
ever, the quantitative influence that situational variables
exert upon actual sonar contact reporting behavior cannot be
determined solely from judgmental data; the relationships must
be verified experimertal:;. Many laboratory psychophysical
detection experiments have shown that speeific instructions to
subjects regarding their reporting criteria can influence
those criteria significantly; and this has been shown for a

simulated sonar detection task as well (Kostoff and Montgomery,
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1970) . Other laboratory experiments have investigated the
influence of situational variables on signal detection and
reporting behavior through the less direct technique of pro-
viding "payoff matrices'" to the subjects, explicitly specify-
ing decision outcome ''costs' and '"values," often involving
small monetary rewards (e.g., Williges, 1971). A sonar de-
tection experiment has also been conducted emplioyiag the
“"payoff matrix" technique (Rizy, 1972). These studies typi-
cally show that "payoff matrices'" have some influence on
reporting eriteria ("B" in the usual signal detection theory
model) and none on deteciion efficiency, or signal detect-
ability for the man-machine combination ("d'" in the usual
model).

We feel that '"payoff matrices," involving either monetary
rewards or simply abstract incentives, provide very poor ap-
proximations to the motivating forces central in the question
of "peacetime'" versus '"wartime" sonar contact reporting be-
havior. We have little doubt that "reporting thresholds" can
be directly influenced by specific instructions, but we sus-
pect that the apparent invariance of "detection efficiency"”
in these experiments was due to the relative impotence of the
"payoff matrices' employed as experimental variables. While
it is not (humaneiy) possible to reproduce the physical threat
accompanying decision making in war, we were convinced that a
sonar detection experiment could be conducted in a context
genuinely perceived by Navy sonar cperators to be of great
importance, and of particular relevance to their principal

occupational task.

Therefore, the second objective of the research reported
here was to conduct a sonar detection experiment involving a
realistically potent variable, which we have called “command
attention." The method, procedure, and results of this ex-

periment are described in detail in the chapter entitled "The

Detection Experiment."
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The conclusions we have drawn from this research are

presented in the final chapter.
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CHAPTER II

THE ATTITUDE SURVEY

Yethod

The objective of the survey was to cbtain the judgments
of Naval officers and fleet sonar operators regarding the
positions of several tactical scenarios along certain psy-
chological dimensions selected for their relevance to the
sonar contact reporting decision. Five psychological dimen-
sions were selected, and 17 tactical scenarios were selected
to be scaled on these dimensioans. Because of the relatively
large number of dimensions and scenarios, the method of rank
ordering was selected to permit obtaining the judgmental data

within reasonable time coastraints.

The scenarios, ranking instructions, and procedure are
descrived in the next sections. The psychometric scaling
methods used to evaluate the resulting judgmental data are
described in the "Scaling Technique" section, and the derived
scale values in the "Results" section. In addition to the
ranking tasks which the respondents were requested to perform,
each was asked to complete a questionnaire which contained
questicns concerning the respondent's background znd view-
points related to sonar contact reporting. The biographical
data thus obtained are discussed in the "Respondents" section,
and the responses to the sonar contact reporting questions are

discussed in the "Results" section.
Scenarios

Seventeen tactical scenarios were written for use as
stimuli for the survey. Since the objective cf the survey
was to obtain judgments which would have the closest possible
connection to actuai or anticipated operational situations,

our principal guideline in the composition of these scenarios
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was to depict realistic situations representing a broad
spectrum of decision variables. No attempt was made to con-
struct scenarios to achieve predetermined levels of the
various decision variables in all possible combinationmns.
Stimuli generated in this way may be of a2cademic value in
investigating decision making, but treating the various as-
pects of tactical situations as independent variables very
frequently leads to unrealistie scenarios, and the resulting
judgmental data stand in a questionable relationship to ex-
isting or anticipated ASY missions. Our approach was to
treat decision-making variables as dependent functions of
the specific tactical situation, and our goal was to deter-
mine the subjective values of these variables, as judged by
the potential decision makers themselves, for vperational

situations of the greatest practical interest.

Each of the 17 scenarios is shown in Appendix A exactly
as it was presented to the survey respondents on iandividual
3% x 5" cards. The scenarios are numbsred, and listed in nu-
merical order, but the numbers were assigned to the scenarios

randomly.
Ranking Instructions

Each respondent in the survey sample was asked to rank
order the 17 scenarios five times, once according to each of
the five sets of ranking instructions. Each set of instruc-
tions was designed to direct their attention toward a par-
ticular aspect of the sonar detection/reporting decision.

The raticnale for each of these sets of instructions, and the
instructions themseives, wili be given in turn. There exist

slight differences betwecen the instructions given to officers
and to sonar operators. The instructions shown below are the
operators' versions; the complete sets of instructions for

both officers and operators are given in Appendix B.

Sonar Contact Reporiing: The first set of instructions

a
rected his attention toward the

i
given to each respondent di




confidence level, or degree of certainty, felt necessary in
order to make a sonar contact repovt. Presumably, the re-
porting decisica involves weighing the physical evidence of

a contact, as displayed by the sonar, against some confi-
dence-level criterion for reporting. In the usual decision-
theoretic model, the result of observation is expressed as
some moncconic function of the likelihood ratio, which is

then compared to a criterion derived from decision goal con-
siderations, generally involving probabilities and decision
consequences, to arrive at a decision. The intent of the
first set of ranking instructions was to cause the respondents
to evaluate and compare the decision criteria (analogous to
those of the decision-theoretic model) which they felt they

would employ in the various scenarios.

SONAR CONTACT REPORTING

For the purposes of this part, please inagine that you
are standing a sonar watch sboard ycur ship, that you are Ti-
- rectly operating and observing your sonar, and that you ana
you alone will mske the decision to report sonar detections
to the bridge. Your certainty of a contact depends on nany
things, such as echo quality, consistency, strength, and so
on, and you can be more sure of some contacts than oihers.
If you were to see/hear a very strong echo vhich showed
obvious submarine target cues cr characteristics, you could
Treport “possible sub” to the bridge with little doubt or
uncertainty concerring the contact. Oa the other hand, if
you were to see/hear an "echo" which was very weak, incon-
sistent, and lacking in cues, you might not be sure that
you actuaily have 2 contact. Your decision to report such
2 questionable "contact" to the bridge might depend upon the
operational situation--for exanmple, you might be more likely
to Teport such contacts during wartime ASW operations than
you would in non-ASK peacetime situations. Please carefully
read and consider each of the situations described on the
cards, and place the cards in rank order in front of you so
that the situation in which Y6U FEEL YOU WOULDE™? RESD 70
BE VERY SURE 07 A CONTACT 70 ZEPORT "POSSIBLE SU2" TO THE
BRIDGE is at the top, downward situation-by-situation, to




the situation for which YOU WOULD WART T0 BE PRETTY SURE 0?
A CONTACT T0 EzPOR:. After you have done this, please write
the card nurbers in the boxes on the other side of this page
in the order you have placed the cards.

Consequences of Missed Contacts: The second set of rank-
ing instructions given each respondent directed his attention
toward the consequences of errors of omission, or what are
commonly referred to in statistics as "errors of the second

kind"; that is, the consequences of nissed comtacts.

CONSEQUENCES OF MISSED CONTACTS

For the purposes of this par®, please imagine that you
are the sonar operator and that a "contzact" briefiy caught
your attention, but was so weak, interpittent, and lacking
in cues that you had little confidence that it actuaily was
a contact and did not report it to the bridge as "possible
submarine.” At least part of the time, such centacts could
actually be caused by submarines. If it were actuallv 2 syb-
marine, it is a2 missed contact situation, which can have a
variety of consequences. Your ship may lose poimts duriang an
exsrcise, in time of war your ship cr those in company may
be torpedoed, the submarine may move out of range and never
Te-appear, with its existence remaining unknown, and so on.
The exact consequences of 2 missed contact may be different
for different people, and nay depend upon the particular
operational situation. Plecse imcgine that you have actuaily
missed a contast. Carefully consider what the conscquences
of a missed contact night be ar you see tne= for each of the
operational situations described on the cards, and place the
cards in rank order in front of you so that the situation
whose missed contact consequences are ¥0ST SEVERE, ¥OST Un-
DESIRABLE, an-d/or X#0ST UAPLEASART to you is at the top,
dewnward situation-by-situation to that vwhose nmissed contact

Il
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coT yequences are LEAST SIVERS, LIAST UNDSSIRABLIE, and/or
LEAST UYPLEASART. After you have done this, please write the
card nusbers in the boxes on the other side of this page in
the order you have placed the cards.

Consequences of False Conigeis: The third set of instruc-
tions directed the respondernt's attention to the comsequences

of errors ¢f commission, or errors of the "first kind"; that
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is, to 1the consequences of false contacts. The perceived

consequesces cof errors of this kind were expected to be par-
ticularly interesting. Operators are taught to "report
everything," but anecdotal evidence indicates that operators
are reluctant to commit "false contact" errors, at least in
some situations, to the extent of significantly affecting

their target reporting behavior.

CCNSEQUENCES OF FALSE CONTACTS

For the purposes of this part, please imagine that you
are the sonar operator and that you have reported a contact
to the bridge as "possible submarine." At least part of the
time, a contact reported as "possible sub™ turns out to be
non-subnarine. This situation constitutes a fzlse contact,
and can hzve a variety of comsequences. Fuel and/or weapons
nay be expended, the ship may leave a positiom in a screen
unguarded, the ship's captzin may nave to be awakened, arnd
so on. The ecxact consequences of a false contact nay de
different for different people, and may depend upon the
particular operational situation. Please fzagire that you
have actually reported a false contact. <Carefully consider
what the consequences of reporting a false contact zmight be
a8 you sz¢ thexm for each of the operational situaticns
described on the cards, 2nd place the cards in rank order in
front of you so that the sitaation whose PALSE CGATACI CCXSE-
QUEACES ¥OULD BE MGST SEZVYZIRZ, HOST UNDESIRASLZ, andf/ov HOST
USPLEASAST is at the top, downward situation-by-situation
to that whose FALSE COSTACT COTSEQUEHCES WOULD EZ LEAST SEVERE,

LZAST UIDZSIRABLE, and/or LZiST UNPLEASANYT. After you have
done this, please write the card nunbers in the boxes on the ,

Ly

i

other side of this page in the order you have placed the
cards.

Likelihood of Making Cortaet: The fourth set of in-
structiorns directed the respondent's attention to the a priori
probability of contact for each of the scenarios. Expectation,
or subjective prior probability, is an important variable in
decision-theoretic models of human decision making, and in
actually observed decision behavior, and was expected to be an

important variable in sonar contact reporting.
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LIXELIHOOD OF MAKING CONTACT

The likelihood of actually making contact with a subearine
varies froa situation-to-situation. Please carefully consider
each of the situations described on the cards, and place the
cards in rank order in front of you so that the situation you
judge X¥GST LIZEZLY TO RESULT IN SUBYARINE COETACT DURIEG 0¥Z
SOFAR WATCH is at the top, downward situatioa-by-situation to
that LEAST LIXZLY TO RESULT IN SUSMARIZZ CONTACT DURIEG OJE
SORAR RiTC2. After you have done this, please write the caxd
nunbers in the boxes on the other side of this page in the
order you have place& the cards.

Response Time: The final set of instructions called
attention to the consequences of delay in sonar contact re-
porting. It was expecited that scaling the scenarios according
to the importance of Tesponse time would provide insight re-
garding the "cost of observation" variable which is important
in sequential decision situations, including the sonar contact

reperting task.

RESPONSE TIME

A quick detecticn and report to the bridge may be more
important in sone situations than in others. Please czrefully
consider each of the situations described on the cards and
place the cards in rank order in front oX you so that the
situation for which DELAYING CONTACT RZPDORTING WOULD BE ¥ORST
is ar the top, downward si:- .ion-by-situation to that for
which DELASING CONTACT REPOKZIING WOULD BE LEAST BAD. After
vou have done this, please write the card numbers in the boxes
cn <he other side of this page in the order you have placed
the cards.

To identify any problems in our apprnach, a pilot survey
was conducted at the Fleet ASW School, San Diego, involving
ten sonar technicians and five Naval officers. The results
of this pilot survey were very satisfactory, leading only to
minor modifications in the wording of the instructions. The

instructions we have just described are those of the final

form, used in the main attitude survey.
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Procedure

During June and July of 1971, project personnel visited
the ports of Norfolk, Virginia; Newport, Rhode Island; Loag
Beach, California; and San Diego, California. A total of 2S5
destroyers and destroyer escorts were visited. Prior arrange-
nents had been made to have two groups assembled for intexrview

on each ship, with the compositions shown in Table 1.

TABLE 3
OFFICER AND ENLISTED GROUP CCMPOSITIOH

dfficer Group Enlisted Group
a. Commanding Officer a. Leading Sonar Tech-
nician
b. Executive Officer,
Heapons Officer, b. Three Sonar Hatch
or Operations Supervisors

Officer {two of
the three)

c. ASY Officer

The officer and enlisted groups were assembled separately
(usually, the officer group was intervievwed in the wardrcon
and the enlisted group on the enlisted messdeck), but inter-

viewed sinultaneously by two of our personnel.

After a ratler general introduction, each participant
was given a shuffled deck of =zcenarios, the "introduction™
page of the instructions, and the "Sonar Coatact Reporting"
page. The introduction (see Apperdix B) expiained the gen-
eral nature and purpose of the survey, and contained a
biographical questionnzire which was completed by each sub-
ject. The "Sonar Contact Reporting" ranking instructions
have been described; each subject performed this ranking
first. Sufficient space was provided for each person to lay
out the 17 scenaric cards, in order to facilitate the ranking

process. When the ranking was completed, the scenario numbers

15




were recorded by the subjects on the back of the ranking in-
struction sheets. After each respondent had completed the
ranking according to the first set of instructions, the in-
structions were taken from him, and the next set of instruc-
tions and a reshuffled deck of scenarios was given him. Thus,
no subject was zble to make direct comparisons anong either
the sets of instructions, or their own responses. Each sub-
ject was given the ranking instructions in the following
order: Sonar Contact Reporting; Coasequences of Missed Con-
tacts; Consequences of False Contacts; Likelihood of Making
Contact; and Response Time. When each respondent had com-
pleted the ranking task, he was given a short questionnaire

to complete concerning destroyer ASW. Approximately two hours
were allowed to perform these tasks, which was sufficient in

most cases.
The Respordents

A total of 99 Navzl officers and 119 fleet sonar opera-
tors were included in the rain survey sample. The composition
of this sample is shown in Table 2. 1In general, considerable
interest im the survey was expressed by the respondents, and
the coopsration we received was very satisfactory. Several
destroyer commanding officers requested, and were given, sce-
nario decks for use in subsequent discussions of the various

considerations raised by the survey.
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TABLE 2
COMPOSITION OF SURVEY SAMPLE
OFFICERS ERLISTED
By Rate/Rank: By Rate/Rank: E
CDR 18 STCS 2
LCDR 22 STCH 3
LT 29 STC 17 E
LTdG 19 ST 1 13
ENS 9 STE 2 54 :
CHO 2 2 STG 3 28
TOTAL 99 STG SN 2
TOTAL 119
Officers by Enlisted by
Billet: Primary Duties:
co 19 Div. CPO 10
X0 18 Sonar Spvr. 14
Ops 18 Sonar Qper. 34
ASH 22 Sonar Maint. 46
hieapons 20 F/C Haint. _15
CcIc 1 TOTAL 119
Engnr 1
TOTAL 99

The Scaling Techniquz

Mathenmatical models for decision paking iavolve values,
costs, and prior probabilities to deduce the expected value
of decision outcomes, and to identify optimal decision-making
processes. In human decision makiag, these considerations
of costs and probabilities may also be taken into accouxnt,
thougl: very often numerical values for them are not available
to the decision maker. Even when numerical values are avail-

able, however, their impact on decision making may depend upon
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the way the decision maker perceives them. It seems reason-
able (and has been experimentally demonstrated for so=me
decision situations) that "subjective" values, costs, and
probabilities are important in human decision making. These
subjective values are not necessarily the same as those
measured on any objective scale; they represent values on a
psychological scale as judged by the human decision naker.
Statistical decision theory directs our attention tcwaxd the
ioportant variables of the rational decision-making process;
However, the importance of these varizbles in human decision

making is a matter for empirical verification.

In the case of signal detection, including the sonar
detection process, decision theorr suggests that six vari-
abies night be of particular influence: the "values" of the
tvo corrsct decision outcomes, correct report aad correct
dismissal; the “costs! of the incorrect outconmes, False
alarr and false rejeciicm; the ""cost" of addiiional observa-
tions (because the sonar situation is a sequential process);
and the a priori probabiiiiy for the presence of the signal.
We postulate that every tactical situation, including the
17 represented by our scenarics, has some value on a psycho-
logical continuurm with respect to each one of these comnsidera-
tions. The relationship of the ranking instructions to these
considerations has been previously explaired; the objective
of the survey was to deterrmine where the 17 scenarios fell on

five of these psychological continua.

How can one determiac the positior of a scenario on omne
of these psycholecgical dizensions? The most obvious way,
perhaps, is the “quartitative judgnent™ mecthod. A judge (a
Naval officer or sonar operator) could be asked to estimate
the seale value of each scenario along each psychological
dimension; or to estimate the disiance between pairs of sce-
nake ordinal judgmenis

o
concerning distances betwecen pairs of scenarios (e.g., the
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distance from YA"™ to "B"™ is greater thaan the distance fron
"C* to "DM™). Each of these tasks supposes that disiarnces
between scenarios can be judged. This =method requires con-
siderable time and thought on the part of the judges, presus-
ing that they can perforz the task at all. Particularly with
the present task, it ¥as felt that the judges could not per-
forn in a meaningful way with this =ethod in any reasonable

aoount of time.

Another zpproach to identifying the scale vaiuves of the
scenarios on the psychologiczl comtinuz, one w¥hich regquires
less of the judges im time :nd effort, and particularly in
the assuzed ability to =ake Ydistance® judgments, 1is the
“yariability judgment"™ =ethed. In this method, each judge

¥

is asked to make only ordingl judgzents concerning scenario
i couid De asked, *'which is

scale values. ror exsasple,
greater (with respect to th

'A' or scenario '3'?"; or. he could be asked t
scenarios in rank order {with res

Cc t
erty). Although each judge =akes only ordinal judgsents,
e

distances between scenarios may be derived from the wvariadility
Cd -
in the ordinal judg s, bas

gments among judge
rig

ing hypothesis: when two scenarios are net widely separated
on a psychclicgical continuu=z, there is likely to be less
agreement regarding their order {that is, which is grezter)
than if the scenarios cre widely separated. The assumption
is that the welation between agresment ceomecerning inhe order
0§ two scenarios (measured, for exanple, dy the proportioam of
judges forming the majority opinion) and the distance betuzen
the sce:? 1 coatiauux is =onotonic.

n
erariss on the psv¥chologica
o

ue

oo
£

erefore, for example, if 85
Teare an dut only 3 feel that YCY 1
greater th n3," bdut 1y 60% feel th bk
"D," the implication is that Y“A"™ and “B" are furt
the psychological corntinuuxs {and, therefore, more casily

distinguisked) thaa "C" and “D."
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This hypothesis is a very reasonable one and is widely
accepted as a rather unrestrictive assumption. The next step
necessary in the conventional method of scaling from varia-
»ility in ordinal judgments requires a somewhat stronger
assumption. How, exactly, does one transform variability in
the ordinal judgments into distance on the psychological con-
tinuum. The first assumption asserts that this trarsformation
is monotonic; but what is the exact relationship? A widely
used mathematical model of this relationship was first pre-

sented by Thurstone (Thurstone, 1927).

Thurstone postulated that when a given stimulus (e.g.,
a scenario) is presented to a judge, it gives rise to what
he called a "discriminal process," represented by a specific
scale value on the psychological continuum of interest; that
the value of the discriminal process sesulting from a single
presentation of the stimulus is a random variable with a
normal, or Gaussian, distribution; and -hat the mean and the
standard deviation of this normal distribution are to be
taken, respectively, as the scale value of the stimulus, and
its disceriminal dispersion. Ia other words, at each presenta-
tion of the stimulus, its value is '"judged" along the pertinent
dimension, and each judgment reflects "error" from the "“true"
scale value, an "error" which is normelly distributed about
the "true" value. In this medel, no a2ttempt whatever is made
to ‘account for the sources of this dispersion, in physical,
physiological, or psychological specifics. Such specificity
is unrecessary for this model; on the contrary, because there
are certainly ma=ny sources of judgmental ecrror, appeail is
made to the central limit theorem cf mathematical statistics
in justifying the Gaussian distribution assumption. 1In any
event, the modcl is just that; it must bz sudiected to em-

pirical verificeation.

Now, in the *"variability judgment" methsd of scaling, we

do not degl with direct cstimates of scale values, but rather
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with variability in ordinal judgment. What are the implica-
tions of Thurstone's model for these? In making an ovrdinal
judgment concerning two stimuli "“A" and “B," we can sa

the judge attends to the instantaneous differernce beiween ithe

diseriminal processes resulting from stimulus "A" and stimul

[T 4

"B." If this discriminal difference is positive (subtractin
"A" from "B"), stimulus ¥B" is judged to be greater than the
stimulus "A"; and vice versa if the difference is negative.
Obviously, since the discriminal process resulting from a
particular exposure to a stimulus is a random variable, the
discriminal difference is also a random variable. And,
because the distributions of the discriminal processes of
both stimuli "A" and "B"™ are postulated to be normal, the
distributior of the discriminal difference is itself normal.
We can mest conveniently express these relationships in

mathematica: notation, as follows.

Let the "discriminal process' arising from stimulus "i"
be denoted the random variable "Xi." In the Thurstone
judgment model, the probability distribution of "Xi" is
assumed to be normal, and thus completely defined by its m¢an
and standard deviation. Let the mean of this distribution be

denoted by "Si" and the standard deviation by "o.." In the

e

modei these parameters represent, respectively, the "true
scale value” of stimulus "i," and the "discriminal dispersion™
of stimulus "i." Thus, to use the cunvenient mathematical
notation whercin the normal distribution with mean "u” and
variance "o2" is denoted "N(n,02)," the distribution of the

discriminal process X, is N(Si,ag).

Now, let the "discriminal difference"” between stimuli

X.-X.
j i
Therefore, since X is a normal random variable, A is also a

"i* and "j" be denoted by "Aij°" By definition, Aij = .
normal random variable, which, by the convenient properties
of the normal distribution (we assume Xi and Xj to be un-

correlated) has i1tself the normal distribution N(Sj-Si, c§+c

).

s Y
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Let the mesn of this distribtution, “S.—Si," be denoted by
"D'j’" the "true scale diffcrence®™ between the stimuli in
the Thurstone judgment mcdel. The stzndaxd deviation of the
discriminal difference is (o§+o§)g.
To return to the ordinal judgment conceraing stimuii YA"™
and "B.Y we saw that if the discririnii difference & = X -X
was positive for a particular observation, or judgmen;
stimulus "B" was judged to be greater than stimuius "a." Hhat
is the probability that this event will cecur? It is .ke
probability that the event &

=
Pato
4
~
e
134
N

>0 wiil occur, whic
AB r E

i
calculated, since &4 is normal with kpown parcameters. Since
Aag is N(D\B’ o +cB) we know {rom the properties of the no
A :':+O“
(2ap=Uag)/ (o3r05)
is N(0, 1). Because tabies of thz distributiogn fusnction of

distribution that the random variabie Z =

this random variable {(the normal deviate, or standard score)
are commenly available, it will be convenient tc ask the
question “whzt is the probability that 5AB>G?" in terms of Z,
as follows.

. . 4 oy
If: Z = (EAB-DAB}/(GA GB)
),
. - Ll Iy
Then: &AB = LLJA+OB) + DAs
Therefore if: %,B > 0
n
then: z (agmg}” “« D4p > 0
-B,
or: z > =

Thus, the probabilit, that A,,>U is equal to .h probability
that Z > /n«sog) vhich is easily feund iua the tables.
If ¢{z] = ®Pr[Z<z] (i.e., the normal distribution functionj

to
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= 72> 2%
then Pr[aAB>Q Priz> DAB/(G +0 ) ]

Pr{z<D, /(0f+0] )%]
¢o[D, 5/ (02+02)%]
elz,,]
%

, = 2,42 hue . kAR 15t
where z,, DAB/(°A+°B) . Thus we see that the probability
that stimulus "B" is judged greater than stimulus "A"™ is just

the area under the normal curve up to the point 2 which is
P

AB?
a standard score that represents the "true scale difference™
between stimuli "A"™ and "B" in units of the standard deviation

of the discriminal difference.

Now, we wish to experimentally derive (from ordinal
judgments) information concerning distances between scenarios.
This may be done in the following way. When stimulus "i" is
compared to stimulus "j" by each of N judges, the experimental
observable is the proportion "pij" of N judgments assert-
ing that stimulus "j" is greater than stimulus "i" on the
psychological scale of interast. According to the Thurstone

model, the probability of deciding "j>i" for one judgment 1is

Q[Zij}, so the expected number of such decisions in N judg-

ments is N¢[z..], and, therefore, the ezxpeei

ij s
sueh deeisions in ¥ judgmenis is N¢[zij]/N
regard the experimentally obse

sious as an estimator of the mathematically expected pyroportion:

]

Thercfore, we may estimate z,

]

by; = Vg

ij
..o= % ip. .
ij tP13
where #"I(p) gives the ordinate (i.e., the standard score)
correspoanding to the arca "p" beneath the normal curve.

The estimated zij for each pair of stimuli represents

an estimate of thc *true scale difference,” D.., between




3
{oiz + ojz)’, the standard

minal difference. If o, = 05 = o for

factor becomes ¥25. One of the

ale
common simplifying assumptions in employing Thurstone's scal-

ing model is this assumption {that tune discriminal dispersions
for all stimuli are equal), making the standard deviation of
the discriminal difference identical for all pairs. If this
is so, w2 may construct an equal imiterval scale by placing
the scenarios so they are scparated by the experimentally
determined zij’ and be assured, for examvnle, that if scenario
"A¥ is twice &s far from scenario "C'" &as is scenario "B™ on
the scale so construct~d, this distance relationship also
holds on the psychological scale of interest. This property,
nes an equal interval scale, and is independent
ion of an origin and unit for the scale. The
of the seccie are not defined by raired com-
-ordering judgrments, which underlie the present
and, therefore, =must be derived from otker consid-
erations (if at all). This is actually an advantags of the
technigue for scaling the tactical scenazios, because the
selection or ar origin and objective unit for "missed conizct
consequences,” for example, can be very difficult (and very
s, any scaling method based upon the supposed
vidual Naval officers or scnar operators to
nsequenccs“ on an absciute scale {i.e., a ratio
The metsod we !}

a
ﬂarding the

scales we have
the discriminal
s) are approximately
fron the data, but
1e resulting

he judgmental
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data we have obtained. Actually, we ¥Fnow that another assump-
tion inmplicit in the Thurstone technique, that the "distances"
between scenarios can be represented on a single dimension,

is definitely violated. This violation is not to be regarded
as a "fault" of the data; it reflects the interesting dis-
covery that judgnents of the scenarios with respect tc the
important tactical decision variables are inherently multi-
dinensional. This is discussed under the section "Multidinmen-
sional Scaling." Nonetheless, we feel that the unidimensional
scales derived by the Thurstone technique are of considerable

practical value in displaying the results of the survey.

We now turn to a description of the practical application
of the Thurstone scaling technique to the scenario ranking
data. ¥hen a judge has rank-ordered the scenarios, it is
assumed that the order of any pair of those scenarios jairly
represents nis judgment cf them at the time he perjformed the
ranking. Thus, each rank-ordering of the 17 tactical scenarios
by a subject is assumed to represent his comparative judgment
regarding the 17x16/2 = 136 possible pairs of scenarios with
respect to the decision variable of interest. (In the "paired
conparison” technique which is sometimes used, each of these
136 pairs wouild individually be presented to the subject;
howevery, the method of rank ordering, which implicitly pro-
duces the szme information, is much faster to administer.)
Thus, when N judges have rank-ordered the scenarios according
to 2 given set of instructions, the experimenter can examine
the N judgments of each of the 136 pairs of scenarios, and
form the proportion "pij" referred to earlier, representing
the proportion of the N subjects who judged scenario "j" to
be greater than scenario "i." These data are conveniently
represented in a proportcon matrix, P, shown in Figure 1.

Note that the diagonal elements, P representing the conm-
parisor. of a scenario with itself, are assigned the proporticn

0.5. Also note that symmetric clements must sum to unity

Mo i1 0 ool g




m T i
T

il :Hl‘l‘v‘l ‘n""‘dlh I

m
It

i !‘l‘

TR
U

(pi + pji = 1), so half the elements are redundant.

ks

We now turn to the “distance" estimates. We have seen
that Q—l[pij] is an estimate of the distance zij between sce-
narios "i" ad "ji" (in units of the standard deviation of the :
discriminal difference). Therefore, we perform the transfor- ;'

mation (i.e., determine the unit normal deviates corresponding

to the observed proportions) to obtain the matrix Z shown in L

Figure 2. Because of the properties of the P matrix, the di- .

agonal elements of the Z matrix are all zero, and the matrix {
is skew-symmetric (i.e., z.. = -z..).

1] J1 o

He know from the theoretical discussion of the Thurstone &

scaling model that the element zij of the Z matrix is an esti-
mate of the "distance" between scenarios "i" and "j." There-
fore, we could plece the scenarios on a scale using the

following technique. First, assign scenario 1 an arbitrary -

i Lo n o il '

'
|
il

location on the scale. Then, place scenario 2 a distance E

3 - P )
zy 5 from scenario 1 on the scale; then place scenario 3 a
>

distance , 3 from scenario 2; place scenario 4§ a distance
3

Z: 4 from scenario 3; and so cn. The resulting scale would
~ s
graphically represent (within a linecars transformation) an ]

estimate of the scerario pcsitions on the psychological dim- -

ension of interest. L.

However, this technique nakes poor use of the experimental -~
data, simply because not all are used; those elements Zij for -
+1 would not be cnmployed. In the above techni

which § # que,

i
only one estimaie of the distance between scenarios

so be an estimctec -0
"3." That is, =z k"
ar estimate of =z

h estimates possi
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one for each value of "k," the “reference scenario." (When

k=j, we have z.. - z.. = 2.. -~ 0 = z_., the only estimate 3
) ij i3 ij is
> used in the c¢lementary scaling procedure suggested above; -
= and when k=i, we have z,. - 2z.. =0 - z_. = -z_.., which is —
= il ji ji ji
identical to z...) B
ij
Thus, the experimental data contain 17 estimates of the 2
distances between scenmarios 1 and 2; between 2 and 3; and so 1 B o
on. Because of experimental error, not all these esiimates .,
for a given scenario pair will be numerically equal. Teo i

cbtain the "best" estimate of the distance between a given
pair of scenarios, the arithmetic average of the 17 estimates
2t hand naturally suggests itself. Mosteller (1951) has
chowr that doing this wili provide a least-squares estimate
of the "true" zij‘ Thus, the "best" estimate, z;., is given

J
by:

1
Bi:t, note that th

is is equivalent to:
z¥, = < %7 Z., - —1-57 z
ij 17 k=1 ik 17 k=1 jk

which is just the difference between the mean values of the
cells in columns "i" and "j" of the Z matrix. These colummn
means are shown in the bottom Tow of the Z matrix illustrated

in Figure 2, denoted by "z;."

Thus, i1f each scenario, "i," is placed on a scale at the

gt M i i t J AN f
s o oy LA AR '3 s M \”h

value of its column mean, “z;," the distances between the

seenarios in the resuliing gravhical presentation constituze
g grai

the "best" representation of the scenario positions on the
psychological dimension of interes#, within a linear transfor-

mation. That is, the distance relationships are represented,

gl |lll‘,|\l IR0 Al v

but the origin and units of the psychological continuum are

not defined. The origin of the graphical representation will
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be at the mean of the scale values of the 17 scenarios (as
an incidental result of the scaling procedurec), and the unit

will be the standard deviation of the discriminal difference.

In the '"Results™ sections fellowing, the scenario scale

positions are shown graphically as derived by this technique.
Results: Sonar Contact Reporting Thresholds

The scale values derived for the scenarios on the "Sonar
Contact Reporting"” continuum from the entire survey sample are
shown in Figure 3. At the top, corresponding to the "freest"
or most "aggressive" reporting criterion (corresponding to the
least strict value of likelihood-ratio criterion) we find the
following scenarios:

3. ¥artime screening for merchant convoy

11. Wartime screening for amphibious task group
9. VWartime strike group operations
16. Wartime hunter-killer operations

The property which characterizes these scenarios is obvious:
they are wartime situations.

The next group of scenarios include the following:

2. Unidentified contact, datum 1 hour oid
10. Unidentified contact, datum 4 hours old
13. Condition III steaming in the Mediterranean
These scenarios have in common the possibility of contact with

Soviet submarines in international waters.

The next group of scenarios include the following:

7. Opposed sortie ASW exercise

14. High valued target, ASW screening exercise
6. Annual ASW competitive exercise
15. ASW type training

4. ASW refresher trzining

These scernarios all reprcsent ASW exercise or training situations.

The last distinct group of scenarios on the "Sonar Contact

Reporting"” continuum, in the direction of a "strict" or "con-

servative™ contact reporting criterion (corresponding to a

29
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NECESSARY IN ORDEX TO
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N = 218 officers and
sonar technicians
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stringent value of likelihood-ratio criterion), include the

following scenarios:

oot 1 e Fn Y

S. Deployment transit, proceeding overseas
17. Deployment transit, returning

12. Night plane guard in local op area

1. Non-ASW refresher training

8. Routine steaming at night in a local area

T
[y

sl 1)

-8

Each of these scenarios involves = routine peacetime task not

p-imarily connected with ASH.

Thus, on the psychological continuum of scnar coatact
repoxrting, we have a complete spectrum of reporting criteria
represented. from Scenario 8, "routine steaming at night in a

local area,™ during which considerable contact classification

certainty is felt necessary to cause sonar to arouse and alert %
the ship; to Scerario 3, "escorting a merchant coanvoy in the ‘%
Nerth Atlantic during a hot-war situation,” in which very i §
little evidence is felt necessary to cause the sonar operator Ajg
to report. The positions of the scenarios on this =2xis seen g%
easily understood, and are in accord with our expectations. 7§
=

The total sample of respondents was broken down in several ’*%

ways in an attempt to identify significant differences between Aéé
groups. Officers' scale values were compared to sonar opera- %
tors'; Atlantic Fleet respondents were compared to Pacific *%

Fleet respondents; "junior" (defined as iess than four years'
service for enlisted personnel and less tham eight years'

service for officers} were compared to "senior" personnel; and

conmanding officers' scaie values were compared to all others.

NET

No significant differences among the various groups were noted.

However, there Zs a breakdown whkich identifies significantly

==

i)

different groups along this continuum; this breakdown will be

discussed under *"False Contact Consequences.™
Results: Missed Contact Corsegquences

The scale values for the scenarios on the "Missed Contact

Consequences™ continuun as derived from the total survey sample
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are shown in Figure 4. No differences among groups were
noted.) The order of the scenarios along this scale is sub-
stantialiy the same as that along the “Sonar Contact Re-
porting" scale, but fhe wariime scenarios are significan. y
Ffuriher removed from the others, in the direction of more
severe consequences. This is not surprising. The contact
reporting threshold is dependent on all the other decision
variables, and the relatively low wartime a prior:i procbabil-
ity of contact, compared to the ASW exercise situations,
probably acts to prevent an extreme separation of the war
scenarios from the others on the "Sonar Contact Reporting
Threshold" scaie. However, the "Missed Contact Consequences"
scale only ianvolves a single verizble of the reporting deci-
sion: consequences of the error of omission. It seems

easy to understand why, on this scale, the scenarios can be

classified dichotomously: war and peace.
Results: Palse Contact Consegquences

In marked contrast to the other scales, the results for
the tetal sample in the scale of False Contact Consequences
showed little meaningful separation of the scenarios (this is
not illustrated). Xone of the previously mentioned brezkdowns
(i.e., officer/~nlisted, Atlantic/Pacific, junier/senior,
C0/other) resuits in any significant separation of the sce-
narios, either. Houwever, by direct exzmination of individual
answer sheets, it was observed that the respondents fell inte
three categories which were previously uasuspected. ¥e shall
refer to these as “Groups I, II, and 11I."™ ¥hen the total
sample is brokea irto Groups i, II, and III, the scaling re-
sults were zs shown in Figures 5, 6, and 7. Group I, composed
of 51 officers and 68 operators (approximately 55% of the
total samrle), ranked the variimz scerarios as having the most
severe consequences ‘rom false contacis. The tesulting scale
for Group I is not greatly different from the Missed Contact

Conseguences scale for the entire sample. (Sec Figure 5.)

iy -y

B

n sy
-

pamen ey
v
wos su ol

[

o)



Wy

i |

i

=3
E
B
=

o

n
A

Al

SCESARIOS XHOSE MISSED
CONTACT CONSZIQUENCES
EERE JUDGED EOST STz

SCALE OF MISSED
CONTACT CONSEQUENCES

Ir mits of tke
Stardard Deviat.on of
Discrimiral Differerces

N = 218 officers and
sonar technicians

SCENARIOS WEOSE MNISSED
COXTACT CONSIGUENCES
¥ERE JUDCED IZAST SIVEEZ

Figure 4.

+2.0

+1.0

0.0

-2.0

SASTINT STISIZIZS TO HIEDSAST LOZT0T.

FAITINS FLEZZIZIXS TO2 AMPZI3 TAZX 55237,

SLITINS ZCTIZE-XTEIT2 CPTIATICES.

SIISISTIFIED COFTACT, DATTM 1 5552 OIs.
£3Z2ITI0Z III STIzWIZG IX T3E MID.

=
CEISIITITIZD COSTALT, DATIN € 2555 41z,

AST ETFRTSSE2 T247¥:25.
AS% TITE TEAINSING.

SITLCTMEIT TRIXSIT, FEOLITOIRS SVSERIZAS.

EISST PLAST STRES IS LOZAL CF A2zZa.

KNCS-A3% SITEISZIE T2IIRINS.
IEPISIMCIT TEASSIT, FITE=EINS.
BLSTISE STZARISS AT SICET IR LLLAL REIS.
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missed contact consequences.
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Group II, composed of 26 officers and 34 operators {about
28% of the total sample), ranked the scenarios oppositely:
they ranked the wartime scenarios as having the least severe
ecnsequences. The scale values for Group Il are nearly mirror
images of those for Group I; the Pearson product-moment cor-
relation coefficient between the scale values for Grcups I
and IT is -0.97. (See Figure 6.)

The members of Group III are characterized by unpredict-
ability in their placement of the scenarios in rank order;
that is, they are likely to have placed one wartime situation
towar’ one end of the scale, but another wartime scenartio
toward tre other end. The rank of a given scenario, however,
was not consistent among the judges in Group {II. This, of
course, indicates that the members of Group 1II did not dais-
tinguish the scenarios with respect to false contact conse-
quences. {See Figure 7.) This group consisted of 19 officers

and 13 operators (approximately 17% of the sample).

After the breakdown of the sample according to attitudes
regarding false contact consequences was discovered, a re-
computation of scale values for the other dimensions was per-
formed separately for Groups I, iI, and III. This reanalysis
showed that false contact con -quence attitudes had no sig-
nificant effect on the scale values for Missed Cwontact Con-
sequences, Subjective Probability of Contact, or bYelayed
Contact Reporting Consequences. This indicatzs thac the other
decision variables were independent of attitudes toward false
contact consequences. However, false contact consequences
woulé certainly be expected to be related to the "degres of
confidence" felt recessary for revorting sonar contacts; that
is, to the setting of the reporting criterion. This is pre-
dicted by decision theory, and certainly is intuitively
compelling as well. And, indeed, when scale values on the
"Sonar Contact Reporting Threshold” coantinuur were recomputed
separately for Croups I and II, a significant difference was
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noted, as canr be seen in Figure 8.

consequences should induce 3 more cauiious reporting crite-

rion, we would expect the wartime scenarios for Group I to be

found farther dowr on the scale than those of Group 1I, siace

iy

Group 1 perceived

wzr. This 5 seenr in the scaling results. Likewise,

g o

@

O
[+)
[}
(3]

i
we would expect thc routines peacetime scenarios for Group Il

to be farther down on the scale than those of Group I, since

-3
Group II perceived false ceontact consequences te be wWorst
during fZzese scenarios. This effect is alsc seen. These

effects are particularly
performed the ranking o=n

prior to ranking according te false contact consegquences, or

any of the other decision variables. Thus, it appears that,

without their heing explicitly called to the respondent's
attention, false contzct corsequences vwere weighed, con-

sciously or uncoascicusiy, in performing the ranking according

to the “sonar contact reporting" instructions. This observa-

tion supports the expectation that the subjective values of
these variables are influential 3ia actual sonar contact re-

porting behavior. By way of interpretation, it would se=m

that members of Group Il would be prone to a much greater

shift ia willingness to prosecute an unknown contact in the

eventuality of war than =members of Group I

- .

inglysis of the survey data showed no way td predict the
msembership ¢f Groups I, II, or II1 on the basis of the per-

sonnel data collected. No gvoup had a membership which was

characteristically officer, enlisted, Atlantic Fleet, Pacific

Fleet, mure experienned, less experienced, or composed of

or
ceomanding officers. It follews that whatever influences the

o
attitudes ¢f Grougps |

¢ , 1I, and II1 have on decision-making
bekavior ip ASW are now distributed unpredictably. As we
have scen, however, it is possible tc identify these atti-

tudes by means of the survey technique; and it is probable

Since severe false contact

alse contact conasequenc=s to be worst during

interesting since all the respondents

the sonar contact reporting con*inuum
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that these views can be modified through training if it is

found to be desirable. However, the question of the relation-

ship of these attitudes to actual decision-making behavior
first must be answered. This question will be considered in

the "Experiment" section of this report.
Results: Subjective Probadility of Submarine Contact

The scale values of the scenarios alomng the "Subjective
Probability of Making Contact" scale derived from the total
sample are shown in Figure 9. There were no differences in
scale values assigned among any of the identified subgroups.
It is obvious that these scale values reflect a different
property of the tactical scenarios than the other dimensions
scaled in this survey. This is not surprising since, among
the decision variables, prior probability stands apart; the
other variables involve "consequencc' considerations which
we expect to be interrelated, but which have little to do
with "subjective likelihood of making contact." The latter
is determined principally by the expectcd deployment pattern
of ti.e "target" submarines. Both theoretically and practi-
cally, the subjective probability dimension can be expected

to be orthogonai to the "consequence'" dimensions.

The scenarios fall into two distinct groups: the first
including the exercise, the wartime, and the unidentified
contact scenarios; and the second, in the direction of least

likelihood of contact, including the peacetime non-ASK sce-

narios. It is very obvious that expectation of coantact during

peacetime non-ASW operations is extremely low. This general
grouping of the scenarios was expected; but it is of interest
that the wartime Scenarios were placed as high on the scale
as they were, at the same avevage position as the "unidenti-
fied contact" scenarios, and quite near the ASW cxercise

situations.
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Results: Consequences of Delayed Confaet Reporting

Figure 10 shows the results of scaling the rank orderings
according to the "response time" set of instructions for the
total survey sample. It can be seen that the consequences of
delayed contcct reporting were evaluated in very much the same
way as the consequences of missed contacts, shown in Figure 4.
On the iatter scale, there is a more distinct dirferentiation
of the "cold-war" scenarios from the "exercise™ scenarios,
and a greater separation of the "wartime” scenarios fror the
others, which seems reasonable. Nonetheless, it is evident
that the "“consequence" ccnsiderations involved in missed con-
tacts, fzlse contacts (at least according to the "Group I"
attifﬁde}, and delayed reporting are very strongly related,
and that these consideraticns make the primcipal conttribution
to the character of the "sonar contact reporting threshold™
scale. The “"threshold"” scale differs from the "conseguence®
scales in showing a less extreme separation of the wartine
scenarios fros the others, which czn be attributed to the in-
fluence of the "subjective probability" variable, which tends
to produce a "conservative™ shift in the reporting criterion
for the (relatively) less probable wartime comntacts, and an
"aggressive' shift for the (relativeily) prebable exercise and
training sonar contacts. The separate sczling of the "report-
ing threshold™ data by Group I/II “false contact consegquence"
attitudes (Figure 8§) also reveals a significant quantitative
influence uron the sonar contact reporting threshclds, but no
gross qualitative effect (such as an inversion of the scale
corresponding to the inverted Group 11 false contact conse-

qucnce scale).

Thus, it zay be coacluded that the situational variable of

u
greatest iamaportance in determining the somar contact reporting
threshold is that which gives rise te the perceived conse-

querces of delayed sonar contact reporting, and of missed con-

tacts; a situational variable we may aptly call the "threat."
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Muitidimensional Scalin

In the Thurstone scaling technique it is assumed that the

psychological "distances" between stimuli may be adequately
represented in a single dimension; that is, they may be pie-
sented on a single scale, as we have done. However, if the

aspact of the stinuli being regarded by the judges is in-

herently multidirensional, the distances between stimulil cannot

be truly represented on a one-dimensional scale. Most often,
pultidimensional stimuli are regarded as being representabie
by points in Euclidean space, forming a simple geometrical
model which (at 1ecast up to 3 dimensions) is aralogous to the
familiar spatial surroundings in which we perceive ourselves.

Then, "distance" ltetween pcints has its familiar meaning.

Since the ranking task forces each judge tc place the
stimulii in a2 one~dimensional ordinal arrangerent, it is not
inmediately evident that rultidimensional information can be
Tecovered from rank-order data. Nonetheless, it can, because
of the variability among judges concerrning the precise way in
which each forces the st.muli onto a single dimcasion. Tte
same basic assumption that was made fu: cne Thurstone tech-
nique is made for r .:tidimensional scaling: that the rela-

ionship of proporiion of agreement among judges concerning
two stimuli to the psychological distunce between tne stimuli
is monotoniec.

This was the jfirst assumptitn made for the Thurstone
technique; it was necessary to make another, more restrictive,

assumption {that there is a "discriminal process™ with a

Gaussian distribution) to obtain actuzl scale values. However,

vwe do not nced to make the latter assumption for the multi-
dimensional scaling technique that we employed, which is an
advantage of the techaique. We need only the assumption that
the judged "dissimilaritices™ between stinuli (measured by the

proportion of agrcement among the judges) 1is monotonically
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related to the “distances"™ betuween stimuli in the psychological
space, so that the rank order c¢f the *"dissimilarities™ for all
pairs of stinuli is identical with the raank order of the
"distances® for all pairs of stimuli. 1If this is so, then a
spatial arrangement of the stimuli which correSponds to the
original configuration of the stimulus po ons in psycholog-
ical space may be recovered from the rank order of the dis-
similarities (except for a possible rotation, translation,
or expansion, which does not affect the rank order of the
distances). To grasp this intuitively, consider a collection
of nany objects (for exanple, marbles) to be strewn zbout in
Euclidean two-space {(for example, the floer of a handball
court). If there are lots of marbles, you can readily appre-
ciate the fact that a2 given marble can't be noved very far in
any direction without disturbing the rarnk order of the dis-
tances between that marble and 211 the cothers, since, as it
is noved closer to some, it will be moved farther fron others.
Thus, the specification of the rank order of the distances
fron the given marble to 2all1 the others pretty well fixes its
position on the floor of the court. Aad, since the "dissimi-
larities™ are assumcd to be in the same rank order as the
distances, the rank order of the dissirpilarities also fixes
1

the position of the given mard

L]

You can also appreciate the practical difficulty of trying
to arrange marbles in a handball covrt to satisfy z long list
of rank-ordered distances or dissimilarities which should exist
azmong them. This very cumbersome, iterative recoastruction,
however, can be handled expe cusly in the digital conmputer.
The principles and practical implemcntation of this techaique
were first given by Sbepard {1962a; 1%62b}, and tefined by
.Xruskal (1964a; 1954b); and we have used a computer progran

{TORSCA) prepared by Young and Torgerson (1967) to accomplish

the necessary manipulations.
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The "dissimilarities™ used by the progranm were derived
from the proportion matrix (Figure 1), and the program
arranged the stisuli (scenarios) in two dimensions so that
the distances between the scenarios were (as closely as pos-
sible) in the same rank ozder as the judged dissimilarities
between the scenarios. (We =21so scaled the data in higher
dirmensions, and conciuded that the two-dimensionzl solution

is most appropriate.)

The configuratiosns of the scenarios derived from the
rankings according to missed contact consegquences and conse-
quences of delayed contact reporting are shown im Figures 11
and 12, respectively. The wartime scenarios (3, 9, 1i, and
16) are omitted from these figures, becau<e their extrame
separation from the peacetime scenarios nasks tie interestiny
relationships among the latter, if the computer progrsaa is

forced to include thes.

It is evideat from these figures that a second dimension
is nceded to completely represent the iudgmental data. It is
also avident that the horizontal dimension, labeled "tactical
consegquesnce s

f error,” corresponds most strongly to the single

o
dimension upon which the scenzric

ta

were scaled by the Thurszone
technique {Figures 4 and 10Qj, that is, the projections of the
12

scenarios ont o &
entations very similar to those of Figvres 4§ and

rizontz! dizcansicas of Figures 11 an
lead to repre

10.
¥hat is represented by the second dimension {the ve:tical
ate that this dimension is related tc "personal

-

1
coasequence™ «f error. In the case of the ASH exercise and
training sv=nario

s, for exa=mple, we see that the “ex:rcise"

situations are distinctly separated from the "training”™ situa-
czl dimension. The ASH exercise situationms

have an Yevaluative™ connctstion which may =ake errors of

greater “personal®™ conscquence thanm in the training situations,
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which are by their nature more tolerant of error. Thus,
. perceived "personal consequence' scems to increase 2s we move:
1 . .
o upward on the vertical axis.
g; The non-ASW situations appesdr to be ordered along the
. vertical dimension by what we will call "general arousal level"
i of the ship, decreasing as we go up the scale. In the '"deploy-
P
i ment transit, proceeding overseas' ther: wuuld be a general,

high level of arousal throughout the ship; diminishing, as we

consider the scenarios in their order along the scale, to

"routine steaming at night," in which most of the ship's com-

pany is asleep. We suggest that an “error'" on the part of

I
[ —

the sonar operator is perceived to be a potentially smaller

perturbation of th '"status quo'" when the ship is in a "high"

| I

arousal state, and therefore of lesser personal consgquence,

than an error committed during a state of Zower general

=3

arousal (which, in the extreme, might involve waking a sleep-

*

ing ship's company, as a conscquence of '"over-eager" contact

reporting; such behavior might be commended by the conscientious
commanding officer, but we are led to believe that the typical
ship's company is not so likely to offer positive reinforcement
of this behavior).

The 'cold war" scenarios (2, 10, and 13) are not consis-
tently ordered on the "personal consequence! dimensions between

Figures 11 and 12. We attribute this to experimental error,

cwing to their relatively small separation on the vertical
dimension. A simiiar inconsistency is seen fur scenarios 14,

6, and 7 between Figures 11 and 12; these scenarios are also

very close together.

The discovery of the '"persornal consequenca" dimension
does not significantly alter any of the conclusions drawn from
the scaling via the Thurstone technique. The effect of the
separation of the scenarics in this second psychological dimen-

sion, when the scenarios are forced ontc a single scale by the




Thurstone tecanique, is to introduce a little more separation

among the scenavrios of a2 group (i.e., non-ASW; exercise;

"*cold war," wartime) than the projections of the two-dimensional
scenaric positions cnta the 'tactical consequence' axis would

show. Thus, the scencrios a2re somewhat more tightly "grouped"

on the psychological ™tactical consequznce” scale than the .
Thurstcne scaling indicates. The unidimensional representation
remains a useful vne, but it is interesting that "perscnal
conseyuences" szen to play an identifiable role in the judgment i

of decision consequences.

Questionnaire Results

In addition to the ranking tasks, each survey respondent

was asked to complete a questionnaire designed to provide
additional information concerning viewpoints related to sonar

contact reporting. This questionnaire was completed at the

conciusion of the ranking tasks. The questicns are reproduced

in this section, together with response distributions and

P e—

ds

nterpretive comments.

QUESTIONNAIRE

FOR EAC3 QUESTION, CRECX TEZ ORE RZSPONSE THAT X40ST ACCURATELY

REFLECTS ZOUR oWl OPINION.

1. During present-Jay non-ASW peacetime opzraticns (for ex-
ample, peacetime transiting, non-ASW refresher training,
and so on), which do ycz f£eel sonar operators should do?

Officer Enlisted

82 17z a. Report fewer false contacts than
they do now even though it means
increased delay in reporting.

38% 52% b. Coatinue present reporting
practices.

54% 312 c. Report contacts more quickly than

thay do now even though it means
more false contacts.

Question 1 is the only point in the survey at which cfficers
and enlisted personnel differed significantly [P(x2) < .005].

While the majority of officers favored "quicker" reporting
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6% a. Report fewer false contacts than they do now
ever though it meams increased delay in :
reporting.

!

ek Sk e e e o b

372 b. Continue present reporting practices.

5§72 c¢. Repoert contacts nmore quickly than they do aow
even though it means more false contacts.

R ] o 1

In Question 2, officer and enlisted personnel are in

agreenent: the majority favors "quicker™ reporting. Since
g 3 y q P g

peie

the response distribution is not significantly differert
from the officers' responses te Questiom 1, it i3 appareat
that the enlisted personnel (as a group) changed their posi-

tion in responding to the second question. The responses to

'

these two questions may indicate some lack of conmunication

fron the officers to the sonar operators, since it is tetally

within the realm of these txo groups to effect "quicker™

reporting if that is desired. y

3. Which have you founé to be true?

LANT PAC

36 552 a. Many more false contacts are reported
during ASF exercises than during
non-ASK peacectize operatiens.

323 23% b. A few more false ~ontacts are reported
during ASK exercises then during non-
ASH peacerime operations.

8% 22 €. About the sane numbher »f false¢ contacts
are reporied during ASK exercisss and
non-ASW peacelime operations.

242 20% d. Fewer false cuntacts are reported during P

ASH exercises than during non-AS¥ peace-
ticze operatizas.

[

Question 3 is the only point in the survey at which the

M i 0 e

Atlantic Fleet and Paci“ic Fleet personnel differed signifi-
cantly {P(x?) < .C5], with the latter indicating the ratio
of ASK exercise to non-exercise false contact rate scmewhat

greater than the Atlantic Fleet experience. A possible
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explanation for this difference may be diferences in the :
“"anon-ASK peacetine epnvironnents of the fleets: the Atlantic §

Fleet has a higher rate of contact with "real" targets than

Lo
Moo,
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the Pacific Fleet, reducing somewhat the contrast between

Yexercise” and Ynon-exercise' cenditions, relative to the
Bacif ¢ Fleet.

L

TEITE A

{ Note that very few felt that the same false contact %
‘ rate obtained during exercise and non-exercise conditions.
The 20-24% who responded "fewer false contacts during exer-
; cises™ were probably thinking of situations in which knowl-
edge of position of the target, ¢r actual contact with it,
decreased attenticn to non-target contacts. The large -

majority who responded "more' or “many more” faise contacts [

during exercises are no doubt reflecting the effect of in- —

creased expectancy during exercises, resulting in increased &
false alarm rates.

4. How nuch of a proble= fo you think false coatacts would be
in the event of 2 war iavoliving ASK?

182 2. Very serious problex.

33% b. Secrious problen.

43% c. Moderate problea.

PRI R Y

€% d. Iasignificant problez.

—

In Question 4, the majority felt that false contacts : :

would constitute 2 “serious" or “very serious™ problem; very

L i

few felt that it vould be "insignificant.” No difference in
respense pat

()

ern existed between groups.

w0

5. At the presen
judge the deg
a

hink the bricdge can : :
- - - a
initial coat

L4
T ¥ has about an

(i N1]

O

3% a. Very accurately.
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29% bB. Accurately. ;

!

581 <. Net very accurately.

“N““‘:‘

1y

10T d. Xot at all.
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How useful do vou think knowledge of sonar's confidence or
certainty conceraing an initial centact would be in deci-
sion making on the bridge during a war involving ASKW?

83% a. Very useful.

142 b. Moderately useful.

2% c¢. Of littie use.

_1% d. Of no use.

Questions 5 and 6 indicate a potentially serious ineffi-
ciency in the communication of useful information from sonar
to command. The majority of both officers and sonar opera-
tors (with no significant difference) felt that sonar's
"certainty" judgments were "not very accurately" perceived
on the bridge; yet the very large majority of officers and
operators felt such information would be *very useful in
decision making. The usefulness of such information in dis-
tinguishing false from valid contacts was substantiated by

the detection experiment to be described.

7. Froz your oun exgerienc

= ¢ during present-day ASK exercises,
what do you feel! is a typical fal

S€ Contact rTate

a. in coastal/shallow water?

rnuxbex» of fcise cortacis urnit of time

b. in mnid-ocean/deep water?

8. Ir trhe event of war involving ASY, what do you feel a
typical falise contact rate z=ight be

a. in coastal/shallow water?

rusler o jaoise ccorizecs urzt of tizme

b. in mid-ocecan/decp water?

rnuz=per of jalse contacis uaniti of tizme
The responses to Questions 7 and §, whose f
shown above, are depictad for the total sample (there were

no differences betwcen groups) in Figure 13 in the form of

Sl 10 i 0 i

a0 A i, 1 Al
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Figure 13. Distributions of false contact rate estimates.
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histograms. The histograms have been arranged in crder of
increasing estimates of false alarm rate from top to bottom;
the difference between the distribution of responses for
Questions 7b and 8b is very significant [P(3%) << .0011. The
difference between rid-ocean and coastal estimates is partly
due to differences in sonar envircnmcnt; the difference be-
ween exercise and wartime estimates no doubt reflects the
expected effects of wartime decision consequences in lowering

the detection/reporting threshold.

Questions 7 and 8 were intended more to neasure ths
opinions of the personnel sampled than to project actual
false alarm rates; but if these opinions proved to be ac-
curate, it is obvious that wartime false contact rate would
be very substantial indeed, posing a very significant attack

decision problem.
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CHAPTER III

THE DETECTION EXPERIMENT
Cbjective

The objective of the detection experiment was to compare
sonar operator detection and reporting performance under two
conditions that would be perceived by the operators as having

very different consequences as a direct function of their per-

formance. The problem is to identify controllable variables

associated with such conditions. Ideally, one would like to

manipulate perceived threat directly. Even with ethical
questions aside, it is doubtful whether this can cver be done

while maintaining sufficient experimental contrel to make the

results meaningful. There is one operationally meaningful

variable, however, that relates directly to perceived impor-
tance of the tactical situation if not to perceived threat
per se. That variable is "command attention.”

Because of their relative isolation from command and
control activities, often for very leng periods of time during
non-ASW evolutions, sonar operators appear to be particularly

responsive to communications from command that bear upon the

inportance of their performance. Such comnunications ray

occur with very different frequencies as a function of the

tactical situation and individual command attitudes. However,

it is widely assumed in the Xavy that high levels of profi-
ciency among ASW ships are typically associated with high
levels of "command attention."

It seems rcasonable to assume that, in general, '"command
attention® will vary with the tactical situation; it will be
very low during non-ASW missions, moderately high duriag ASW
conpetitive exercises, and highest of all in the event of a

true threat. It was our objective to set up two very different

57

Preceding page blank

R RIYED

Wit am

Lty v e Lt ssbe

b e o b 41 e g b

, |
Mo '

s« v 10t vl

I G st

ﬁu



situations with respect to the evicent “"commaud attention"
and to measure the resulting differences in detection and

reporting performance by typical sonar operators.

We felt that the effect of "commandé attention™ on per-
formance could manifest itself in the setting of the reporiing
eriterion, or threshold; but we also felt that it could.affect
detection efficiency, or effective signal detectability. The
distinction between these two aspects of detection behavior is
one of the important contributions of signal detection theory

to psychology.

¥e intended to measure operator detection performance
against a given set of signzls in a setting which would first
mininize apparent command attention; and measure performance
of the same operators against the same stinuli in a setting
in which maximum possible command attention would be brought
to bear. The intent was not to explicitliy manipulate the
Teporting criterion, but to create two situations gznuinely
perceived by the operators to be of very different importance
with respect to their detection performance. We wished to use
the AN/SQS-26 sonar as the vehicle for this experiment because

of its status as the Navy's principal long-range active sonar.

f,

Metho

¢h

To accomplish the obj=ctives set forth, it was necessary
to place 2 number of fleet scnar operators in a credibie set-
ting of high "command attention" while providing a realistic
sonar Gisplay. This r2quirecment ruled out an at-sea experi-
ment, since realistic detection situations for several opera-
tors could not be set up without pronibitive requirements for
ship services; and, in any event, experimental control of mzany

mportant variables would be completely lacking, leading to

suls

"unrepeatadbility" which would prer <« meaningful comparative
analyses of the data. Performing ithe experiment enploying 2

shipboard sonar at the dock was not feasible either, because
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the only method of realistically activating the sonar would

have been with tape recordings of signals and reverberations,
which were not then availabie for the AN/SQS-26 sonar. The
signal injection equipment which is part of the sonar set
could not be used because that egquipment is ncuated in the
sonar control room (with the display consoles}, so that no

covert way was available to manipulate the controls necessary
to sinulate targets.

The nature of the AN/SQS-26 A-scan display, however,
permitted « very satisfactery experimental approach. This
display, unlike older soacr displays, is a memory-type device
which presents a history of up to the "last six pings" in a
static presentation. This static characteristic permitted
the use of still photography to create a realistic representa-
tion of the sonar display. Kz photographed an AN/SQS-26
A-scan display after each ping was "painted" onto the display,
then projected the resulting ping-by-ping sequences of cclor
transparencies by rear projecticn technigluées onto translucent
display screens of exactly the same size as the sonar display
CRT. The resulting display was very similar to the presenta-
tion observed at the sonar; in fact, none of the operators
tested felt it was different ir any significant way from the

presentations on their own equipment.

Details concerning the stimulus materials, the apparatus,
the subjects, the procedure, and the experimental results are
given in the following sections.

Stimulus Materials

An AN/SQS-26 CX located at the Fleet ASW School, San
Diego, was used to preparc the stimulus =materials. The tar-
get sirulation capability incorporated in the sonar (Unit 34),
which provides sclection of simulated target course, speed,

rarge, bearing, echo intensity, and own-ship heading and

speed, was suitable for generating targets for the detection

R S ol M LR ARt o

i WWWWWWEWMW&N {phritti R T I P T




|
u
l
|
F‘:
’
|
, W‘f

I
et s i i bt o

task. Hovever, the noise generator which is a part of this —

RNt

unit proved unsatisfactory as a source for noise/reverbera-

L

tion simeulation, since the same voltage waveform is introduced |

h

into all 24 sonar channels, providing total spatial coherency.

This produces very obvious noise "bands™ across the entire

Wl

sonar display,., and is e2sily detected as being artificial.

}

Therefore, we constructed a special AN/SQ5-26 noise/reverbera-

- -
-

[

L e

tion generator. The device was designed to provide broadband

Gaussian noise across the sonar dandwidth, and, for reverbera-

L
—

tion simulation, white Gaussian noise passed through a rela-

T
o e

e

tively broad bandpass filter for FM (also called coded pulse, =

or CP) channel reverberation, and a very narroy bandpass -

s b Rl s e L

filter for C¥ channel reverberation. A solid state active -
fiiter syster was desigred and a prototype was comnStructed

and tested for a single beam of the sonar. The prototype

design proved to be very satisfactory, sc the final unit was

B A L T

constructed. This unit 2s 12 independent solid state noise

=
E
=

generators, 12 active bandpass filters for CP reverberation i

Wl

sigulation, 12 active bandpass filters for C¥W reverberation

sinulaticn, 2nd operational amplifiers for the linear com-

bination of the various noise/reverberation outpuis. thile "

s i

each sonar bezm rTe its prizmary energy from the asso- 3

Ve W

s
ciated channel within the noise generator, it also receives .
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sore enrergy froa adlacent channels of the generator, sizmulat- .
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London Technical Menorandunm 2134-540-76. All transparenc

of the A-scan dispiay were photographed with a 20-Xyd zomne
width and with the sonrar in the single storage mede, which
peraitted a ping-by-ping history to buiid up from zero to

six pings. It also permitted use of one storage tube only,

o
and optimization of display adjustaents. Th
were tzken with a Nikon-F casera and Micro-NIXXOR Auto F3.5,
552n lens with settings of £5.6 and 1/8 second on Xodak High
Speed Ektachrome film from a distance of apprexinate

ches, and were normally processed. A four-digit light-
emitting-diode numerical display was mounted on the lower
right-hand portion of the sonar CRT, which perzitted record-
ing the sequence numsber (1 to 72) and the ping number {1 to
6) in the image on each siide. Sequences of 6§ ceasecutive
pings were photograrhed in the foilosing way: The display
was erased, and the sequence/ping nuzber counter was ini-

tialized. The test target, if one was to be present, was
L 2

I

»

inserted with the proper parameters for the first ping, and
fad

the sonar was allowed to cycle normzlily. After the first
ping was fully recorded on the displiay, the first photograph
was taken. During the sonar dwell-tizse, the target echo

e g
nsity was zdjusted to the proner value for the second

inte

ping, according to a schedule of randon signzal intensities.
After the second ping had fully developed, the second photo-
graph w ograph reprasented

s taken; and so on. Thus, each phot
1

. This process was coatinued until the
was completed and photographed. A s

e
depicted the sequential developament of six sizmulated
s

A total of 72 six-ping sequences was photographed, 24
sequences with nciscsreverberation background only; 24 with
the noise/reverberation background plus an FM (or CP) target;

aud 24 vith the noise/reverberation background plus a C¥W target.
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= For thz sequences coataining targets, target ranges and bear- ‘j
z ings were randomized to approximate a uniform disiribution i
% over the sonar display; and target range-rzte was randomized i
;‘ to zpproximate z uniform distribution within the following _
% intervals: 25 o0 15 knots closing; 5 knots closing to 5 xnots '
é openiang; and 15 to 25 knots opering. Within each sigaal se- ~ 7
i quence, the signal level was randomized from ping to ping 1 ;-
% with an approximate normal! distribution with 3.5 db standard - ) ;
i deviation, which is representative of actual AX/5QS5-26 opera- 3 :
< tion; and with a =mean signal-to-noise ratio approximately - o
= equal to the =inisuam detectizble level (MDL) for the particelar SR
3 signal type (CP or C¥). Thus, =any pings within a signal -
g sequenge typically did not contzin percepiibic echoes, even -
= though a signal had been injected. These parameters realis- 8
2 tically sisulated "difficult-to-detect™ targets. -
= After developing, the resulting slides were inserted =
% into Kodak Carousel slide trays, @ sequences {54 siiées} to — .
fé a tray, for a totzi of § slide trays. i :
:é £pparaius 3 %
3 Five rear-projection display screens were constructed sl B
§ with 10-3/4" wide by 11" high viewing arcas {approximately iy ;
'g the sa2me size as the CRT sonar d:splay) zounted in 16" wide _ i ;
% by 18" high fre=es with rangz scales on the right and left — - i
f sides and "bea= nusber™ scales at the tep 2ad bottexm to per- i : :
; nit operztors to estimate the range and bearing of a target. s
E Five Kodak S5C Mutofccus slide projectors with zoom . -
f ienses were employed to projecst the soaar dispiay ismages. Lo
% The auvtomatic focus feature Xept the slides in focus auto- _§ i ?
E Baticaiiy, and the zoom feature pormitted adjustznent of -
% the images to the same scale as the original sonar display. i% é
5 The five projcctors were comnected to a2 pair of Hunter Model - §
? 21i-8 tigers, which werr commected in flip-flop ceafiguration ’E *%
g to provide 300 =illisccond aévance ralses (actuzliy, comtact - ’2
A




L <losures) simultaneously to the five projectors every 25

seconds.

L Response buttons were provided each operator for reporting

sonar contacts. Each response button was connected by wire via

an "interface box" to a single tape recorder, which was run

‘ring each expe:ime al session. The operators were told that
i
3 % e ping number corvesponding to their push button response was
3 peing recorded electronically, to discourage claiming "ecarly"
.

detections by writing in ping numbers on their pen-and-paper

response cheets that occurred earlier than the point in time at

which the reporting decision was actually made. In fact, data

— on response time were not actually recorded electronically.
Subjects

Twenty U. S. Navy sonar technicians from AN/SQS5-26 ships

at Newpoert, Rhode island, served as subjects. Two of these

were transferred before completing the experiment, and two

3 more were found to have no operatiuvnal experience with the

= AN/SQS-26 A-scan display. The remaining 16 were qualified

LY 1 ekl L

watchstanders or watch supervisors. Six had 1 year or less

of shipbcard expericence, while 10 had more than a year of

RIS

experiernce. The 16 men included the following rates. four

oy

STG-2; ten STG-3; two STG/SN. As a group, their qualifications

ko

appeared typical of present-day shipboard sonar personnel.

Procedure

Kattw KOs 9T

The vetection experiment was arranged to be conducted in
N-wport, Rhode Island, through the couperation of Commande

i.stroyer Develeopment Group. Excellent experimental facili-

LAY el T 4 R

ties were provided us in a room av the Naval Underwater

Systems Centcr, Newport. The windows were blacksd out to

S pey g e nn it

permit low-lecvel artificial illumination during the experi-

ment, and five xperiment booths werc placed in the room in

such a manner that each subject sat in a cubicle which pre-

vernted his sceing other sonarmen or their displays. Each

e R
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sonarmain sat in a student's chair, which provided him with a
writing surface, and the recar-projection screens were placed
on small tables immediately in front of him. The slide pro-
jectors were set up side-by-side across the room from the

five adjacent subject booths, and the projcctor remote-control
cables were 2ll connected to the timing apparatus situated at

the experimenter's station.

Five sonarmen performed the detection task at a time.
£11 the operators were given their “irst session during a
single week, and their second session during the following
week. Arrangements for sonarmen tc serve as subjects, and
for their transportation to and from the cxperimental site,
were provided in a very effective manner by Destroyer De-

velopment Group.

Prior to commencing the detection task during the first
w.ek, the instructicns reproduced in Appendix D were read to
the sona 'men, and sample photographic transparen-ies were
shown to demonstrate the display and the sonar contact report-
ing procedurc. This procedurs f(which may be best understood
by reading Appendix D) called for a sonar contact report only
when the sonarman felt he recognized a contact. This method
was felt to most realistically approximate the actual sonar
detection/reporting task (in contiast to the frequently im-
posed forced-choice situation associated with detection theory
experiments, which requires responses at fixed intervals).

The sonarmen were instructed that when they wished to report
a contact, they should immediately press the response push
botton, then record certain pertinent data concerning the
contact on onc of the responsc sheets (reproduced in Appendix
E). They were to record the sequence number and ping number
on which they respornded, whether the targst was on the CP or
CW portioas of the display {or beth}, the estimated range of
the centact, the beam nunrber, and whether the target appeared

to have an opening, closing, or 7ero range Tate. More than

64
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one report per sequence could be made; or none could be made.
The operator was alsc required to evaluate the quality of
each contact he reported at the end of thz2 seguence contain-
ing that contact. This was done by indicating whether the
contact was judged to be *good," Y“fair," or "marginai." He
was also permitted to revise his contact judgments after a:l

six pings had been presented; this on occasion led to the

cenclusion that an early report was in fact 'mot a contact.™

The slides were advanced at 25-second intervals (slightly
faster than real time) and were presented continuously within
blocks of 18 six-ping sequences, taking 45 minutes; there were
five-minute breaks between blocks, during which the subjects
could move about. The total duration of the detection task
was about 3 hours plus time for instruction of the subjects
and for breaks. All subjects coapleted the task during the

morning hours (0800 to 1130) of normal working days.

As can be scen from Appendix D, duri -g the first session
(Condition I), the operators were told that the purpose of
the task they were to perform was to learn "what constitutes
a reportable contact with the AN/SQS-26 sonar."™ WNo uniformed
Navy officers or enlisted personnel were in the vicinity,
and only the civilian cxperimenter and the subjects were pres-
ent within the experiment room. Thus, while the environment
for each sonarman's first session was certainly novel for him
in some respects, we think these novelties can be character-
ized a2s those of an "experiment,' conducted by civilian
reseurchers, having no clear connection with his accustomed
environment (the operational Navy); and without clear conse-
quences for cither errors or error-free performance of the
task. The origin of the stimulus materials was never dis-
cussed with the sonarmen, and knowledge of results was never

given.

In contrast, when the sonarmen arvived for their second

session during the subsequent week (Condition iI}, a U. S.
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Navy Commander, in uniform, was present in the room. When
the sonarmen were all present and their identities verified,
they were addressed by this officer. He made a statement to
the men (from memory) following this guideline:

The exercise last week was, in reality, just
2 warm-up for the very importaunt task I want
you to perfeorm today. 1In the interest of de-
veloping optimum tactics against the Soviet
submarine threat, you are being asked to view
a series of recently acguired data where it
is known that a number of targets may be
detectable. Security prevents my discussing
the nature of these data in detail, but it

is extremely important that every valid con-
tact be identified as such. Our estimate of
the threat clearly depends on the most ac-
curate information we can get in trhis respect.
Therefore, please report any contact that you
feel qualifies as a "possible sub." Report
at the earliest point in the sequence where
you feel such a report should be made.

Following this statement, the men were seated in their booths
and given "Condition II" response booklets. (The Commander
was not present during the actual detection task.) These

were of the same format as the "Condition I" booklets with
three very apparent exceptions: the pages were pink rather
than white; the pages were conspicuously marked "SECRET NOFORN

when any identifier block completed”™; and each page had this

"identification block" (which was never in any case completed):

IDENTIFIER Contact Code (1) p(D) (8)
0c

o DK ..  Threat Code _(2) p(FA) (5)

in this space Type (3) Z-Code (6)

A sample page from "Condition II"™ response booklet is showa

i Appendix F.

Therefore, the setting for the detection task in tue
second session was quite different from the first. Every

effort was made to make performance of the detection task
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appear relevant znd consequential to the "operational Navy"

» via the 'command attention" focused upon it. (Hopefully, this
= was not a deception--we certainly interded this research to

— be "relevant and consequential!") The intent was to create a
{ | detection situation which, while nct in an at-sez tactical
environmeat, was genuinely perceived by the operators to be
analogous, and not "merely"™ a research exercise. We believe
that the photographic reproductions of the display, which
could have been recorded during a tactically significant en-
counter {(an explanation for their origin which was at least

implicit in the second session), and the delivery of the Con-

— dition II instructions by a Navy Commander, did indeed set

I the scene as we desired.
Independent Variables

We review and summarize the independent experimental

variables here, and the criterion variables in the neit sec-

tion, as a prelude to description of the experiment results.

Command Attention. Two levels, "low" and "high," were

! administered during each subject's first and second experi-
mental sessions, respectively, as previous’ly described. It
should be noted that this experimental design is not "balanced"
with respect to the "command attention" variable, in that the

two levels of this variable were 2lways administered in the

same sequence. In general, this design invites the confound-
ing of such sequence effects as "learaing” with the principal
experimental variablie. The nature of the "command attention"
variable, however, does not at all lend itself to administra-
tion in the opposite sequence; that is, administration of the
"high command zttention" level during the first session would
make it doubtful that a satisfactory control condition could
be achieved during the second session. For this particular
experiment, however, we felt that "learring" effects would

have a negligible influence, for at least two reasons: (1)
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each subj2ct was an experienced AN/S5QS-26 cperator wheo was
quite fawniliar with the infecrmation display employed in the
experiment; and (2) no feedback of performance results was

ever provided.

Signal Type. Equal numbers of FM (also called C?P) and
CW sinulated targets were represented in the stimuli, which
appear on separate parts of the CRT sonar display. Since
the character c¢f these two types of signals, as displayed,
is very different (principally owing to processing bandwidth
differences), it is reasonable to expect differences in per-
formance at detecting these signals. Therefore, the sonar
contact reporting procedure was dasigned 1o permit differen-

tiation of "FM" zand YCW" targets.

Tire Blocks. Each 3-hour experimental session was
divided into four 4S5-minute "time blocks™ by S-minute breaks,
as previously described. The experimental data were analyzed
with respect to time blocks to reveal possible time effects

on performance.

Criterion Variables

Correct cné False Repori:: Each sonar contact report
was scored "correct" if wet t. - :3llowing criteria:
1. The ping sequence dur. ich the report uas

made must have been one « those 48 in which
a simulated target was injected.

!. The report must have indicated the correct
signal type (FM or CW).

3. The estimated range of the target must lLave
been within 5 Kyds of the "true" range of
the target (i.e., the range at which it was
injected) within the displayed zone.

4. The sonar beam which the target was estimated
te be in must have been within 3 beams of its
"{rue" beam (i.e., where it was originally
injected).
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If a sonuar contact report failed to meet any of these criteria,

it was scored as a '"false®™ report.

It was expected that range and bearing estimation preci-
sion would be considerably better than the allowed tolerances
{vhich it proved to be}, even without the aid of the sonar
range/bearing cursor, which was not availahle to the operators.
These rolerances were selected to provide a generous interval
for the vrange/beam accuracy analysis discussed below; the four
criteria, together, were sufficiently strict to provide the

necessary discrimination of “correct® from "false" reports.

Reported Quality Level. It was expected to be of interest
to compare the quality judgments for "correct” target detection
reports with those for "false" reports, as an indicator of the
diagnostic value of the judgments in distinguishing valid

targets.

Range and Beam Estimation Accuracy. For each correct
report, the differences between the estimated range and beam
and the "“true® range and beam of the injecved target were

calculated to be used as additional performance measures.

Ping Number. Because latency of sonar contact reporting
is an operationally important variable (see "Results: Conse-
quences of Delayed Contact Reporting" in the previous chapter),
all sorar contact reports made during the experiment were
identified by the ping number on which they occurred. (All
5ix-ping sequences which contained targets had tzrget-plus-
background present for all six pings, but because a particular
sequence represented a realization of a normal random process--
with mean signal-to-noise tatio at the minimum detectabile
level, and a standard deviatica nf 3.5 db--the signal mav in
fact have been undetectable for several pings- therefore,
reporting latency must be considered across alil sequences to
achieve a statistically meaningful latency measure which

combines operator, signal, and noise random processes.)
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Results

In this section, the effects of the independent experi-
mental variables are analyzed and described in relatiom to

each of the criterion variables in turn.

Effeets on Rumber of Correect and False Reports. A three-
factor analysis of variance was calculated for the .unber of
correct reports and the number of false reports, based upon
the 2 (levels of command attention) x 2 (FM or CW signal type)
x 4 (time blocks) within-subjects experimental design. A sum-
mary of the analysis of variance for correct reports is shown
in Table 3, and for false reports in Table 4. It can be seen
that for correct reports, '"signal type" hud a significant
main effect (p < .05) and the command attention™ x "signal
type" interaction had a significant effect (p < .05). For
false reports, it can be seen that "command attention” had a
significant main effect (p < .01) and "signal type"™ had a sig-
nificant main effect (p < .01). "Time Blocks" had nc statis-

tically significant effects in this experinent.

Figures 14 and 15 show the total numbers of correct and
false reports obtained in the experiment, respectively,
classified by the two independent variables revealed by the
analyses of variance to be significant: "command attention"
and "signai type." Figure 14 shows that there were more CV
correct reports than FM correct reports (recall that equal
numbers of detection opportunities were presented for each
signal type}), and that the "high"” level of command attention
resulted in a very slight decrease in the number of correct
FM reports, but a sudsianiicl <ncrease in the number of cor-
rect CW reports, comparcd to the "low"” level of command at-
tention. This differential effect of "command attention" on
FM and CW correcct reports, of course, resulied in the signif-
icant "CA x ST" interaction shewn in Table 3, but caused the
“CA"™ main cffect to fall short of the statistical significance

criteTion.
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Figure 15 shows that there were many nore CW falsc reports

than F! false reports, and that the "high™ level of command
attention substantiaily rediced the numbers of both CW and FM
false reports, compared to the "low" level of command atten-
tion. Since the "high" level of command attention reduced both
CW and F¥ false reports, the "CA x ST" interaction was not

significant for false reports (Table 4).

Thus, ~he "high" level of command attention resulted in
a sitgnificant imprcovemznt in detection periorrance, compared
to the "low® level, by reducing FM false reports by 50% while
reducing FM correct reports by only 4%; and by reducing CW
false reports by 31% while imereasing CW correct reports by
20%. The differential effect b signal type is attributed to

the different psychophysical tasks presented by the FM and CW
portions of the display.

Effects on the Diagnostie Value of "Contact Quality™

Judgmeris. Figure 16 shows the distribution of correct and
false reports among the "contact quality™ categories. (Recall
that a "quality"™ judgment was required for each contact report
the operators made.)} It can be seen from the distribution of
all correet reports among the "quality" categories that the
nost likely quality judgment for reports 2licitei by genuine
target: was the highest level, "good,” containing approximately
half of all correct reports made. The prcportions of correct
reports given lesser quality judgments decreased monotonically

with the decreasing "quality" descriptors.

On the other hand, it can be seen f-om the distribution
of all false wveports among the "quality" categories that the
most likely quality judgment for reports elicited by the
noise/reverberation background was the second highest level,

"fair," containing approximately 40% of all false reports made.

Thus, the distributions shown ian Figure 16 indicate that

the subjects' "contact guality” judgments had diagnostic value
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in discriminating correct fron false reports. This diagnostic
potential may be examined more directly by considering the
proportion of ali (i.e., correct plus fzlse) reports in a
given quality category which proved to be correct. For ex-
ample, for the "iow"™ level of command attention, there xere

62 FM targets reported at the highest quality level (“gocd"),
46 of which were scored correct. Therefore, the preportion

of correct reports for the specified conditions was 46/62 =
0.74. Figure 17 shows the preportions of reports in each
quality category which proved to be corrsct, by signal type,

repcrted contact quality, and level of command attention.

It can be seen from Figure 17 that, without exception,
the proportion of correct reports increascd oonotonically
with increasing perceived quality levels. For example, for
FM reports nmade during the "low"™ comm ! attention condition,
48% of the contacts judged to be of "marginal"™ quality proved
to be correct, 58% of the "fair" reports proved to be cor-

rect, and 745 of the ™"good" reports proved to be correct.

Theg proportion of correct FM reports in each quality
category is seen to be greater in every case than the cor-
responding proportion of correct C¥ reperts. This is the
result of nmore "strict" reporting criteriz enployed by the
operators for the FM display, an explanation substantiated
by the fact that, while equal numbers of FM and CW targets
were presented, fewer correct {(and false) FM reports than
CYW reports were made during the experiment.

t can also be seen from Figure 17 that the "high" level
of command attention rTesulted in improved target discrimina-
tion performance in every contact guality category, for both
types of signals. For example, for FM targets in the 'good"
category, the proportion of correct reports was increased
from 74% for the "low" level of command attention to 84% for

the "high" level. Similar iaprovements are scen in the other
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categories. This improvement in target discrimination perfor-
mance resulted from the employment of more '"strict" reporting
criteria during the "high" command attention condition. Gen-
erally, (when "detection efficiency," or effective signal
detectability, is constant), the penalty paid for an improve-

ment in discrimination performance {(which must be obtained

n

i

through a #hift to a more "strict" or "ecautious" reporiting
eriterion) is a deereased probability of detection, resulting
from th: consequent decrease in numbers of false and correct
reports. In this case, however, the increase in target dis-
crimination performance brought about by the "high" level of
command attention was accompanied by only a 4% decrease in
the number of correct FM reports, and by a 20% increase in
correct CW reports, compared to the "low" command attentionmn
condition. Thus, it must be concluded that detection effi-
ciency, or effective signal detectability for the display-
operator system, was greater for the "high" level of command
attention than fer the "low" level. This, of course, is 2a
very desirable result; it is considered in greater detail in

the section on "Signal Detection Theory Analysis."

Effeets on Range and Beam Estimation. Another indicaiion
of improved performance during the "high" command attention
condition may be seen in Figure 18. This figure shows the
means of the absolute values of errors in estimating the range

true-Restimatedi) fo? the two
levels of command attention. A significant decrease (2=3.3,

to valid targets (i.e., n lI|R

P < .001) in mean range estimation error was obtained for the
"high" level of command attention, compared to the "low" level,
representing a 19% improvement in target range estimation per-
formance. (Note that while these range estimation errors are
useful measures of performance between the two cemmand atten-
tion conditions of this experiment, their aetual values are

not to be taken as estimates of AN/SQS-26 range accuracy,

since the sonarmen did noit have the electronic range cursor

normally used for this purpose.)
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range estimation was performed on a continuous
scale frcz zero to 20,000 yards, target dean estimatioan was

a rather "coarse,” discrete task offering omniy 12 response
possibilities. Mean absolute bean estimation accuracy during
the *"low" command attention condition was 0.71 deam, which
left little room for improvement. Mean zbsolute beam accuracy
during the "high" command attention condition was 0.70 bea=z,

not significantly different.

fstribution of Reports by Ping Rumber. Figure 13 shows
the distribution of all sonar contact reports by the ping
number (1-6) on which they were 1ade. There were ro meaning-
ful differences in this distribution by level of command
attention, signal type, or correct versus false reports. How¥-
ever, it should be noted that since each target sequence pre-
sented six "echoes™ with uncorrelated, normally distributed
signal intensity probabilities, a single targset sequence can
be regarded as a single realization of a six-variate un-
correlated normal probebility distribution (with equal means
»=MDL and equal standard deviaticns o0=3.5 db). Therefore,
the 48 target sequences do not represent a very large sample
(of a six-variate joint probability distribution) and do not
permit great precision in looking for differences in reporting
distributions by ping number. Thus, one canaot confidently

conclude from thes=2 data that there are none.

It can be seen from Figure 19 that, with one exception,
the proportion of contact zeports increased monotonically with
the ping number. Very few reports were made on the first and
second pings; the majority of reports (84%) occurred on pings
4, S, and 6. This result was expected, since multiple observa-
tions are an extremely important factor in sonar detection.
This fact is the principal reason for providing a memory-type
display, and its utilization is reflected in a survey of
SQS-26 operators, in which "echo consistency" {over multiple

observaticns) was the clue most frequently indicated to be of
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inportance in target detection {(Stern, 1971). ¥e feel that

the sonar detection task is best =odeled as a secuzniial
arngiusis task (see ¥ald, 1947; Birdsall znd Rcberts, 1971),

in which additional observations =may be =ade if the evidence

' o
bl w0 B b 0

and

- -

at hand does not justify a detection report. This model
prescribes comparatively strict reporting criteria for deci-

sions based on few observations, becoming less strict as the

nuzber of observations increases, as a result of the greater
statistical significance attached to likelihood estimates

based upon greater nucbers of observations. Experimental

A T i bt o il

confirmation ¢f the use of reporting criteria by sonar opera-
tors which vary with the number of observations has been
obtained for passive sonar (Harabedian e# ai., 1970) and

for active sonar (Rizy, 1972). The data shown in Figure 19
substantiate thesec findings.

i YR b A

The exception to monctonically increasing proportions

in Figure 19 occurs on ping 5, waich we suggest is owing to
its position as '"mext-to-1iast," and is thus an experimental
artifact. On ping 5, the sonarmen had a slight bias toward
taking that "last® look. If ping 6 were not "last," the

proportion of reports made oa ping 5 probably would not have
been ancmalous. E

Wibidin g

o bl b

th

Signal Detection Theory Analysis

The results presented in the last section were based
directly upon effects seen in the experiment criterion vari-

ables, without transformations of any kind. However, it is

alsc desirable to describe the results in terms of probability
of detection, p(Dj, probability of false report, p(FR), the
receiver operating characteristic (ROC), and the signal de-
tection theory statistics d’' and 8. These descriptions do
require transformations of the direct experimental data, which
involve certain underlying assumptions. We will attempt to

clearly identify each of these assumptions as they are made,
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so the reader may use the traansformed data in a completely
informed way.

Probability of Deteeticn, p(D). An estimator of p(D) for

the stimuli emploved in this experiment may be formed from the
ratio of the number of correct reports (for a given set of in-

dependent variables) to the number of detection opportunities

(for that set of variables). There were 24 sequences ir which

an FM target was injected, and there were 18 operators, so

there were a total of 432 detection ~pportunities for FM tar-

gets for each level of comeand attention.

Likewise, there
were 24

C¥ target sequences, sc¢ there were 432 CK target de-

tection opportunities. Thus, we may form estimates for p(D)

for the experiment froa the observed total nuaders of correct
Teports:
KUMBER

COMMAND SITGXAL COPRECT OPPOR~

ATTENTION TYPE REPORTS TUNITIES p(D)
Low M 126 432 .29
High FM 121 432 .28
iLow C¥ i64 432 .38
High C¥ 198 432 .46

It can be seen that p(D), for each condition, fell approxi-
mately in the range 9.3-0.5, indicating that, on the average,

the signals were in the "difficult-to-detectr” region whica

was desired for this experiment. Since the stimuli were

designed to produce this level of performance, it should be
obvious that these p(D) estimates cannot be regarded as
evaluative of the operational performance of the AN/SQ5-26
sonar, bdeyond the circular conclusion that about half of any
sigrals at the "mininun detectable level™ will be detected.

These p(D) estimates and the effects of the independent

variables on them are presented graphically in the section on
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the "receiver operating characteristic” xhich follows the

discussicn 6f p(FR).

easily defined for experiments in which detecti

ties occur as discrete events oa 2 siaple displag- Ian the
complex task of sonar detection, however, the numbar of false
respense opportunities presented depends

The principal factors zre discussed in turn as they pertain

to the sonar detection situation.

1. Characteristics of uasn-signal scurces in the
water wh'ch can give ¥vise to ceatact reporTts:
this factor is of obvious izmportance in con-
sidering false reports. For simulated noise/
reverberation backgrounds, this factor is
defined by the characteristics of the noise
generating apparatus.

lt
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2. Volume of water
olution with s hi
at the sonar
the nusber of op
sources will have t
a single ping (assu=ni
tion of thess sources
tributien =ust L2 tzten
factor =ay be specified
bandwidth product of the
presented on the entire d

2]

O '€ po

s and the spatial res-
s searched (a2s rezlized
is fzctor deter=ines
the non-signal
sonar display on
ctropic distribu-
se, their dis-
2ccount). This
terns of the time-
-signal iunfor=matian
splay during ome ping.
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3. Characteristics of the operator as a detector:
the first two factors deal with tiie detection
situation up %9 i%z soncr display; the hueman,
however, 1is an integral part of the detection
process, and the nhuman factor in this context
is as important 235 the other factors (but, un-
fortunately, much less well defined) in foramu-
lating a nmodel of the process. The "detection
strategy™ employed by the sonar operator cer-
tainly involves correlation of information
across severs” ~ings, s¢ *hat a single =atk on
the display cuan rarely be regarded as a "false
response™ Ofport.aity. This strategy =may be

i,

ol b s

it s s o

il

i) o

8 N




il

I
L

AR

\
it

considered in the c¢sntext of

the asuzl signal

detecticn =model 2s reducing the nuszber of
aygortuazzzes caicuiated on the basis of in-
dividual pings, or 3t carn be naturally ac-
comnodated iz 2 seguential detection model.

The £

st twe factors can,

in priaci

ple, be accurateiy

ir
specified (for an experiment} from the electromnic character-

-~ -

istics of the noizefreverberatieon scurce and the sconar set.

The human factor zmentioned zbove

howev2r, has never been

thoroughly investigated for complex dispizys, and is a

ubiquitous source of speculaticen wherever the calculation of

false response probzbilities from experimental data are de-

sired. Xo obdjective =means sxist to precisely define the

effective nuznber of false respoase opportunities presented

in 2 man-=2

there are nearly a5 nany 3555§;tioas

there are

results.

Tegarding this puaber
authors reportins experi =1

t0 make another such assunp %393 heve; 3nd we caution the

reader who wishes to coapare §{FQ

c=refully study each exper

assuzmptions.

¥e have assuzed that there were 100 opportumities (per

operator) for the noisejreverberation

six-ping sequences to elicit
100 opportunities for the 72
just
assuaption= in the following

o

ontact Teports. ¥

i
]
\m‘

than 10 opportunities in the

10 false reports were made by
session (for both displays); =ad, froz our knowledge of the

noisejreverberation characteristics ané the detection behavior
cf the operators, we are coavinced that

1500 opportunities for the non-signal information 0 stisulate

contact

nucber "100" over the nuzber ™50,"

enter’s "false response Jpportunity

fzlse FM contact reports; a=nd

sequsnces t

he
®ay:
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chine detection system with complex displays, aad
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elicit false C¥
meomiZude of these
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there were certainly more

seguences,

since =pTe than

oze subjects during each

tend to defend the

there were fewer than
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. false report opportunities ovar the 13 operazirs for each
- signal type z2ad ievel of command atteatea. Thus, we zay
: calcuiate p(FR):
5 XGESER

CoMMaxp SIGXEAL FALSE OPF
ATTENTIOXN TYFE REPORTS TURE
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in this figuse are not limear iIn “probability,™ but they are

This property 3is useful beczuse the usua2l sigaal detection
theory todel assumes faussizn egual-variance sSistributions

of the results of observations under noise and sigazl-plus-

noise coanditiomns. The ontcoze of this assuzmptioa is that ia
the "porzal-morzziT coordimz=te systeam of Fig
of all operati=ng points {(i.e., pairs of prob=z

t
cessible to 2 “receiving syste=™ with a specific detection

str»aichi iime paralilal to the "chance dizgonai”™ shown in the
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signal detectability; and the displacement of

point had approxizately eqgual components of perpendicalar
novezment, correspondimg to Imprsyed detectability, a=nd parallei
nmovement, corresponding to a2 change of reporting critexiom ax
the direction of increased "czutioun.™ Thus, in the context of
the usual signal detection thesory model, the principal effect
of the ®higa®™ ievel of co=mzmand attention mas 20 ioprove sysiem

perjormance by improving deieeiion efficiency.

is conclusicn, however, does nof depend upon the assunp-
tion of the usual =athematical =odel of signal detection. 4ny
reasonzble model of the detection process would have to attri-
bute i=zproved detectior efficiency to the effects of the "high™
level of command attentioan upon the operating points shown in

Figure 20, compared to the "low™ level.

The Statistics "d'®" and "8." 1In the signal detection
model which assumes Gaussian egual-variance distributions of
the results of observations, the measure of signal detect-
ability is the separation of the means of the noise-only and
signal-plus-noise distributions falong the axis of the "test
statistic™ random variable) in units of the common standard
deviation, and is almost universally dencted by the symbol
nd’." This parameter and the likeiihood-ratio decision cri-
terion, denoted by the syambol "B," together cormpletely specify
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p{FR), through the mathemza-ical procedures specified
ei. Co=nversely, if an experimeant is thought to be

Zdeguat=2iy described &y this model, the experimentally cbserved
s

(D) =aé p{FR} may e msed (through iaverss mathematical pro-
cedures) to derive 7 zad 8 for that detectic= sitmation.
Aizernaiiveiy, d° a=d 8 =may D2 derived jrom experimenicily

4 z fkese procedures, to be used
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e#cdel. This espirical use of @' znd 8 as descriptive statis-
tics is both usefnl (im describing the joiat effects of changes
in detection and fzlse response probzbilities) and very wide-
spread in the literature of detectioa experimeats. It is in
this latter sense that ue caiculate d' and & for this -xperi-
ment, since, as we discussed in the first chapter, we doubt
that the simple Gaussian equal-variznce nodel is the most

2
appropriate one for the sonar deteciion task.

A coanvenient table for caiculating d' and § from experi-

zentalliy observed proportions p{P} and p(FK) is given by
C 2

values:
COMMAKD SIGNAL
ATTENTION TYPE ar’ B
Low ™ 1.09 3.3z
High FM 1.47 6.935
Low CH 0.69 1.57
High o 1.13 2.1

It can be seen that, on the average, signal detectability w

“
2]
*N
[ ']
"
3

greater for the FM signals thaa the C¥; and that =more "s
reporting criteria (i.e., larger values of B8) were employed
for FM signals than for CH. It is zlso seen that t} A "high"™
level of cozmand attention brought about a 35% improve=zent

FM signai detectadbility, and a2 64% inmprove=ment in CW signzi
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detectability, compared to performance at the "low" level.
The reporting criterion concomitantly increased by 109% in
the direction of "caution™ for FM signals, and by 34% for
CW signals.
Relationship of Attitude Toward "False Contact Consequence"
to Numbers of False Reports Actually Made

In Chapter II we discussed the diversity with which
officers and sonar operators rank ordered the tactical scenar-
ios regarding false contact consequences. The questionnaire
portion of that survey instrument and the rank ordering task
with respect tc false contact consequences were administered
to the sonar technicians who served as subjects in the detec-
tion experiment, to permit comparison of their responses to
those of the 219 men sampled in the survey. These tasks were
administered at the end of each operator's last experimental

session, via the instructions shown in Appendix G.

L S

“he soaponses of che operators to the questionnaire were
not significantly different from those obtained in the main
survey. They were also asked a supplemental question concern-
ing the similarity of the experimental stimuli to the A-scan
display of their own sonars. None of the operators indicated
that the stimuli were significantly different from the display
with which they were familiar.

The ranking task was administered to permit examination
of the potential relationship between attitudes toward false
contact consequences and actual false reporting behavior
during the detection experiment. The behavioral criterion
to be used in this comparison is obviously the number of false
reports made by each subject. The attitudinal criterion to be
compared with the number of false reports, however, is not so
evident. The attitude data for each operator consisted of the
rank order in which he placed the 17 scenarios in relation to
the consequences of false alarms; we wished to derive a single

descriptive statistic from these ranks, to be compared with

89
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the number of false reports that the operator made. This

statistic was derived for each operator by comparing his

rank ordering of the scenarios with the rank ordering shown E
in Figure S5, which was derived vy scaling the rankings of gé
the 119 officers and sonar technicians in Group I who judged - ’é
false contact consequences to be worst for wartime scenarios. —

The scenarios in Figure 5 have been assigned scale —
values, derived by the variability judgment technique dis- 2
cussed in Chapter 2. The responses of a single individual, |
however, cannot be assigned scale values, because the scaling ~
technique depends upon variability in responses among several
judges. Therefore, we could not use the scale values shown

in Figure 5 in any comparison to individual rankings per-

formed by the operators who participated in the experiment,
which contain only ordinal information. Consequently, we
determined the similarity of the rank order of the scenarics

shown in Figure 5 with the rankings performed by each of the

15 operators in the detection experiment, by calculating L

Spearmzn's rank correlation coefricicats.

-

Thus, we obtained an attitudinal criterion fcr each

operator, which reflects a comparison of his attitudes toward

R

false contact consequences with the “Group IM™ attitude (that
false contact consequences are worst in wartime situations).

If the rank correlation coefficient calculated for an operator

—

were near +1.00, it would indicate that his rank ordering was

2

very ciose to that shown in Figure 5, and that he was probably
a "member" of Group I. If the rank correlation coefficient

were near -1.00, it would indicate that his rank ordering was

bd Ll

nearly opposite to that shown in Figure 5 (i.e., very close
to that shown in Figure 6), and that he was probably a "member"

b o et s

of Group II, which judged false contact consequences to be =

least severe during war. If the correlation coefficient were =
near zero, it would indicate that there is little correspon- n

e \LZhﬁlM; 1W|}|h w

dence between his rank ordering and those of either Group I _

AR O LI RO YL 5 S ko L T |
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or Group II, placing him in the Grounp III attitude category.

The total number of false reports which each subject
made during the "“high' command attention condition is shown
in Figure 21 plotted against the corresponding rank correla-
tion coefficient. Each point in this figure thus character-
izes an individual operator's false reporting behavior, and

his "false contact consequence' attitudes.

It was found that amoant of experience with the AN/SQS-26
sonar was an important factor in the distribution of points
in Figure 21. Two operators informed us that their primary
duties involved the maintenance of fire-control equipnment,
and that they had no experience with the AN/SQS-26 A-scan dis-
play. These operators made very few false or correct repourts
during the experiment, reflecting an atypically conservative
reporting behavior which was no doubt the Tesult of their un-
familiarity with the stimuli. Therefore we discount the data
points in Figure 21 (denoted by the symbecl "X") corresponding
to-these operators. (The inclusion of these operators was
found to have negligible impact on the other results reported
in this chapter, so this is the c¢nly analysis from which they

were excluded.)

Of the remaining 16 operators (whose primary duties did
involve operating the AN/SQS-26 sonar), 6 had less than a
year of experience with the sonar, and 10 had a year or more
of experience. Figure 21 shows that there was 2 tendency for
the less experienced operators, whose data points are indi-
cated by open circl-.s, to make more false reports than the
more experienced group, whose data points are indicated by

closed circles.

The figure alsc reveals a tendency toward making fewer
false reports by the operators who felt that wartime false
contact consequences were worst (i.e., those operators toward
the right end of the scale). The dotted line in the figure
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is a least-squares “"best £it" to the data points for operators

with one or more years of exverience with tlie sonar, and the

Pearscn correlation coefficient between the numbers of false 2

reports and the "attitude"” statistics for this group was

-0.92, which is a very significant value even for this small

number of operators (p < .001).* The data points for the less

experienced operators fall above this regression line (with

one exception).

These data support the expectation that those operators

who judged wartime false contact consequences to be worst would
make fewer false reports during the "high"™ command attention
condition. We cannot regard these data as conclusive, however,
because of the limited sample size, and particularly because
the sample (throuzh the unfortunate medium of chance) clustered

toward the right end of the *attitude™ scale.

It is recognized that one operator vho evidently considered
false alarms quite inconsequential centributed heavily to
this correlation.
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CHAPTER IV

CONCLUSIONS

Many detailed conclusions have already been drawn in the
text of this report, in conjunction with the exposition of
specific results. It is hoped that the reader will find in
these specific results cause for further conclusions, and
we hope that the many details which have been presented will

facilitate that use of the research results.

However, in this chapter we wish to step back from the
myriad technical details of psychometrics, statistics, signal
detection theory, and so forth, to view the research in a
more comprehensive perspective. In the first sentence of the
first chapter of this report, we stated that "it is necessary
for the Kuvy to make quantitative, detailed, and accurate
estimates of expectcd performance in a wide range of threat
situations, and particularly in accomplishing its potential

wartime missions."

We hope to accurately interpret. in zn integrated manmner,
the implications of this research concerning the expected per-
formance of our destroyers in accomplishing their potential

ASYW missions.
Noise, Reverberation, and "Palse Contacts”

Most theoretical and laboratory studies of signal detec-
tion focus upon the task of differentiating a "signal-plus-
noise" condition from a "noise-alone" condition; indeed, this
task defines what is usually meant by '"signal detection." An
extensive theoretical framework has been built around this
detection situation, and many experiments have been performed
involving the human as the '"detector," laying a theoretical
and enpirical foundation which has permittzd us to conduct a

meaningful sonar detection experiment, and analyze the sonar

9% Preceding page blank




operator's detection behavicr in response to operationally

important variables.

However, an extremely important practical distinction
exists between the "typical" laboratory detection task zand
the actual active sonar detection situatien. In the "pure"
detection task, performance is generally accompanied by
valid" detections, stimulated by the "“signal-plus-noise"
condition, and "false" detections, stimulated by the "noise-
alone" condition. In any non-trivial detection task of this
type, the “noise" background will be a significant source of
false responses, and this potential for the noise to elicit
detection responses is crucial to the underlying mathematical
model of signal detection. 1In the sonar detection experiment
described in Chapter III, all false responses were stinulated
by the sonar noise/reverberation background, permitting the
application of signal detection theory techniques to analyze
the influence of the independent variables upon sonar opera-
tors' repovrting behavior, the determination of which was the

sole objective of the experiment.

However, in the operational sonar detection situation,
the neise/reverberation background is an utterly insignificant
source of “false" responses, compared with that unfortunately
large class of objects which give rise to "false contacts."
“"False contacts" preduce real echoes, whose characteristics
differ significantly from the noise background (and, often,
insignificantly from 'valid" target echoes}). The true noise
and reverberation background is always uncorrelated over a
time interval of several pings, and can therefore produce
consistent marking of the sonar display at a given location
only with venishingly small probability; the "false contact,"
however, persists, and is reported. Thus, the noise/reverbera-
tion background as a source of false reports leading to

serious.sy inappropriate tactical responses is one of the few

minor problems which confront destroyer ASW.
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We ars, of course, talking about the classification
problem. One cannot criticize signal detection theories or
experiments for not dealing with classification (i.e., the
task of distinguishing one signal from another, rather than
siznal-plus-noise from noise alone), since, vy definition,
it is not in their domain to do so. By the same token, how-
ever, it is almost by definition inmpossible to meaningfully
discuss destroyer ASYW wiithout considering the classification
problen.

"“"Classification continues to be the most pressing

problem in ASW." A Chief Sonar Technician whom
we interviewed.

“"Classification continues to be the biggest
problem." A Destroyer ASKW Officer.

"] believe rapid classification is still the
major problem in command and control in ASW."
A Destroyer Commanding Off%cer.

False Ccntacts: The High Threshela Solution

Without false contacts, of course, there wouid not be
any classification problen. The fact is, however, that the
oceans contain many more “things" that look like submarines,
to a sonar, than there are submarines; and as we continue to
trade cue resolution : longer ranges in our newer SoOnars,
these "things™ iook m. : like submarines than ever before.
The peacetime solution to this high incidence of false tar-

gets is simple and well-known:

"When returning from a cruise, vwhether leag or
short, it is common practice for sonar to get
the unofficial word 'NO CONTACTS.' 1If sonar
should report a contact during this time,
whether sub or not, sonarmen will not get a
'WELL DONE.' Hence, reporting duvring this
period is almost non-existent, unless the sub-
marine forces a report, by surfacing 1,000
yards away for example.” & Chief Sonar Tech-
nician.
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"Although ASW is the primary mission of a
destroyer, I have found that the pres=ant-day
officers on the bridge have little or no in-
terest in the prosecution of a sonar contact,
be it possible, or non~-sub, during any under-—
way period, excep: an ASW exercise. ...Re-
marks like 'tura jour gain down, and it will
go avay,' or 'we have something more important
to do' [accouant for decreased contact report—
ing)." Another Chief Sonar Technicianm.

This attitude from the bridgs has the effect of raising sonar's
reporting thresheld to a high value--they renort contacts only
when very confident. However, it is not true that all oflicers
share this lack of interest in prosecuting contacts, cor think

the "high threshold" solution to false contacts is a zood ome:

"In general, the practice has been to report
only if youn are sure of a contact (especially
in a sitevation where you are being evaluated).
I believe the sonar team must be encouraged to
report immediately any contact, especially
with the advent of the sophisticated sonar in
use today. The need for immediate resgonse
precludes the accurulation of ‘pings' in order
to have a firm evaluation prior to reporting a
contact to ship control. The requirement for
sonar to report any and all contacts immediately
nust be stressed in order for the unit to take
the necessary action to maintain and prosecute
a contact.” A Destroyer Executive Officer.

"Fzlse contacts, in gen-rzl, are not nearly the
problem that fewer, or no contacts are. 1 feel
that in most cases, low confidence contacts de-
serve more investigation than they customavrily
receive.” A Destroyer Commanding Officer.

"Aggressiveness cannot be sacrificed at the
expense of legitimacy. I don't feel the false
contact rate is so detrimental, as training and
practice are gained by initial classification.
Bridge watches should heed sonar more often.
The bridge is too often concerned about 'stick-
ing out its neck.' The only way contacts can
be gained is by reporting and prosecuting.”

A Destroyer Operations Officer.

Nonetheless, it is very parcnt cven from these comments

ap
that the peacetinme reporting threshold is a high threshold.
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narios by our sa=mple of 99 dest

echnicians according to "“certainty
clearly indicates that =uch =ore
tact is requirzd to elicit z ropor: durismg peacetize aon-ASH

operations {seec Figure 3). ¥e z=ay also con
ete

t
e
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Tesults of t

level of com=and attention focused upon pracetize sonar delec-

tion performance brings sboct 3 decrezent in detection effi-
ciency, or "effective signal deteccirnmbilicy.™

The consequence of this
¢fficiency mode of operation is to screen out fal
valid) contacts a2t the lowes
the rest of the team {CiC, U3, znd commani, of the burden

azd the experiznce of the ASH decision-making ¢
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timz of war, however, that burden is going to shift.

"Hhen you're in a tizme of war—--speak
ayself, I would be scared as hell and pr
report nore contacts...”. An STG3 Sonar
Operator.

“"Obviously, mcre false centzcts will occur in
rtize due to the fact that sonaraen will,
and should be, less reluctant to czll and
classify a contact.™ A Dostroyer ASY¥ Officer.
"#Will, and should be, less recluctant...™: a predictive, and
a noermative statement. VWe agree with both. The scaliang of
cos

scenarios with respect to "certainty ne

(]
]
5]
ot
*ry
[w]

T reportiang”
(Figure 3}, shows thée¢ wartime scenarios to be in a class by
thenselves--far renoved from the other scenarios in the direcc-
tion of a very "free" reporting threshold. Likewise, scaling
of the same scenarios with respect to "missed coantact conse-
quences” (Figure 4) and with respect to “consecquences of de-
layed contact reporting” (Figure 10) indicates consequence

evaluations which will result in a very low reporting threshold.
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Kc also see a relationship between the false contact
consequence attitudes of the sonar operators who participated
in the detection experiment, and the numbers of false reports
which they made f(Figure 21). It is also probable that atti-

=

tudes will influence officers® decision-waking performance.

Analysis of the survey data shows no way to predict
subjects® nenbership in Group I, II, or III fro=m the personal
data collected. No group had a membership which was charac-
teristiczlly officer, enlisted, LANTFLT, PACFLT, "more ex-
perienced,”™ "less experienced,”™ or composed of commanding
officers. It follovs that whatever influences the attitudes

of Groups I, 11, and III have on decision-zakiang behavior in

ASW are npow distributed unpredictadly. (It is probable, how-
ever, that these variznces c#. be =inirized through training
and procedural implementatians.}

In sum=z=ary, it seezms likely that at the onset of war,
the naturzlly large nesber of cbiscts which cazn cause fzlse

of the tezs in dealiing with the= (and their hetereogeacous
attitudes iovard them) will comstitute a very serisus ASK

is ofiten oanc of iency,
and of comparatively “reluctaat™ scuar coniuct zeperiiag ve-
havior; and we have concludeé that at the onset of zn ASH w@ar,
the ¢ The latter

Sonzr contact deteciion, reporting, proseccution, and attack
cannot long comntiaue in 2 rampant ranner; %e¢ will not be able
to "classify™ every contact with a2 weapon. Historical evidence
indicates that after some peried of time, 2 tolerable ratic of
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false to valid attacks will be achieved {Buchanamn and Fr

ei
1971). But, how wiil this "equilib state"™ be effected

iie fear that unless destroyer officer persomnnel appreciate

8 the ASYW problenm in its fullest extent, parvticularly including
= the sonar operator's vory difficult task, appareat coz=and
dissatisfaction with the “transieat state® destection a2nd clas-
sification performance will, intentionally or uaintentioinzlly,
influence the sonar operator towzrd undesirably conservative
detection behavior. Aad it is a discouraging fact that very

nany destroyver cocmandiag officers have been provided with

ery little AS¥ training or practical experience.

e =ust not be achieved by the strangu-

cn at the sonar operator's level,

t
iation of semsor inforzati
inadvertently or otherwise; it will ideally be achleved on
u

i
bozrd esach destroyer thro

A o
{

— petent, professionai ASHW tzam. 1In order to attain this ideal,
tre

it see=s that we =ust begin to
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In ihe m=eantizme, the wusexrch reporteu here leaves us
with guestions, 25 reszarch usually dres. How wilg

- decision-zaking behavior of Zodzy’s destroyer ovficer be in-

fluenced at the onset of ASW wor, and how, in tara, wiil he
: influence the sonar operator's decision behavior, in passing
to the equilibrium state? ¥e are presently seeking aaswers

to those questioas.
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APPENDIX A
OPERATIONAL SCENARIOS
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1. REFRESHER TRAINING

Your ship is undergoing refresher training at GITMO
just after having completed a three-month shipyard overhaul.
There are no other ships in company. Your ship is conduct-

ing damage control and engineering exercises.

)
[TR——

o

2. UNIDENT

You are operating in the Sea of Japan (or in the Med.)
in company with an ASW group. Ships in company include a
CVS and 8 destroyers. One of the fixed-wing aircraft from

the carrier has reported a disappearing radar contact 20

miles ahead of the task group. Helicopters have been dis-

AN

patched from the aircraft carrier and are presently in the
contact area. The helos are reporting intermittent sonar

contact. Your ship and one other destroyer have been de-

AL

tached to pruceed to the contact area.
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3. WARTIME MERCHAKNT CONVOY

Your ship is one of six destroysrs screening for a
S50-ship merchant convoy steaming in z nuclear defense dis-
position, transiting from Halifax, Nova Scotia to Glasgow,
Scotland. A state of war has existed between the NATO
countries and the Soviet alliance for a period of one
month. The convoy you are with is the third convoy to
make the west/east North Atlantic crossing since the begin-
ning of the war. The first convoy made the transit without
incident. The second convoy encountered light opposition,
losing four merchant ships. Intelligence reports indicate
that several Soviet submarines are operating in the North
Atlantic. Some of these submarines are known to be equipped
with cruise (anti-shipping) missiles. The range of these
missiles is about 30 miles.

4. REFRESHER TRAINING

You are undergoing ASW refresher training in the GITMO
op area. You have been operating with a submarine for the

past several hours but have not held contact for some time,

an hour or more.
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S. DEPLOYMENT TRANSIT

You are heading overseas at the beginning of what
will be a 7-month deployment. Ships in company include an
aircraft carrier, an oiler, and three other destroyers.

There are no known submarines operating in the area.

6. ANNUAL COMPETITIVE EXERCISE

You are conducting your annual competitive exercise
for the ASW-E. You axe in company with two other destroyers,
two helicopters, and two fixed-wing aircraft. At the be-
ginning of the exercise, there is a submarine positioned at
a point 12 miles ahead of the destroyers. At COMEX, the
submarine submerged and is making an approach on the des-
troyers. In order to pass the exercise, the destroyers

must detect and successfully attack the submarine.
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7. OPPOSED SORTIE EXERCISE

You are getting underway from your home port to partici- .

Hl 9 RN S,

pate in a major fleet exercise. You know that vour sortie =
will be opposed by at least two submarines. Your ship's
assignment is to clear the harbor, proceed to a previously é
assigned patrol area, and to search that area until the other E
exercise units have cleared the harbor. Once the other units —
have cleared the harbor, you will f-rm 2 screen around thenm 3
and proceed tc sea. Your job is to prevent the “enemy"

submarine from obtaining a firing position on the screened

units.

8. STEAMING AT NIGHT IN A LOCAL OP AREA

You are standing the midwatch on 2 ship steaming inde-
pendently in a local op area. You have spent the week at

sea conducting gunnery and seamanship exercises and will be

conducting a gunnery exercise in the morning prior to re- |

turning to port.




9. WARTIME STRIKE OPERATIONS

A state of war exists between the U. S. and Communist
China. You are steaming in company with a fast carrier
strike group operating in EMCON, Condition 2 (no electronic
emissions other than scnar). The mission of your task group
is to conduct a surprise raid on China's coastal defenses.
No enemy activity has been reported on the task group's ECM
equipment and airborne early warning aircraft operating inmn
advance of the task group have not reported any enemy activ-
ity. The probability is that your task group has not yet
been detected by the enemy. Your task group is now in a
position 200 miles east of the northern tip of Luzon, pro-
ceeding toward the Chinese mainland. There have been no
reports of enemy sSubmarine activity in this part of the
Pacific for the past several days.

10. UNIDENT

You are in port overseas when word is received that aa
unidentified submarine has been sighted operating in the
vicinity. Your ship and one other destroyer get underway
to investigate. The original sighting was made by a U. S.
patrol aircraft and the DATUM is considered accurate to
within 2 niles. The contact was held by the aircraft for
S minutes and then lost and not regained. You arrive on the

scene 30 miles from the port 4 hours after the contact was

originally reported.
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11. WARTIME SCREENING FOR AN AMPHIBIOUS TASK GROUP

Your ship is one of 12 destroyers screening for a fast
amphibious task group. In addition to the amphibious forces
present, your movement group is being supported by a CVA
and a CVS. The CVA and CVS are operatimg in a support posi-
tion 50 miles on the flank of the amphibious group. The
mission of your task force is to effect a landing on mainland
China. Although a state of war has existed between the U. S.
and Red China for a period of 2 months, the Soviet Union has
remained neutral. However, the Soviet Union has threatened
to enter the war if the U. S. should attempt a landing on
mainland China. Present position of your task group is 200
miles east of Okinawa headed toward mainland China.

M

12. STEAMING IN A LOCAL OP AREA,
ACTING AS A NIGHT PLANE GUARD
DURING CARRIER AIR OPERATIONS

i

Ships in company are the aircraft carrier and one

other destroyer. There are no ) aown submarines operating in

the area.
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13. CONDITION III, STEAMING OVERSEAS

You are stezming in Condition III in the Mediterranean.

You are in company with a CVA, and three other destroyers.

There have been several recent reports of UNIDENTS in the
— area during the last month, and at least two Sovict sub-
marines are known to be operating somewhere in the Med. at

the present time.

14, SPECJAL ASW EXERCISE

i You are operating in a large mid-ocean area in company
with a task group consistirg of an attack aircraft carrier
and 5 other destroyers. There is also an "enemy" submarine
participating in the exercise. The general nature of the
exercise is to gather data on the ability of the screeniag

ships to prevent the submarine froam eaking a screen penetra-

tion and obtaining a firing position on the carrier. You
know that the submarine will attempt to penetrate the screen

. sometime during the next 4 hours.




15. ASW TYPE TRAINING

You- are conducting ASW type training im a local op
area. Other units in company include a destroyer, two
fixed-wing aircraft, and two helicopters. At the beginning
of the exercise, a submarine was positioned on the surface 10
miles ahead. At COMEX, the submarine submerged. You are
now attempting to close the target, gain contact, and conduct

an attack on hin.

15. WARTIME HUNTER KILLER OFERATIONS

Your destroyer is one of 8 destroyers operating with a
CVS as a hunter Kkiller group. Your mission is to operate in
the general area of North Atlantic shipping lanes and to seek
out and destroy enemy submarines. Although ycur task group
has been gredited with sinking 4 encmy submarines in the last
S days, 211 of these sinkings have been the result of the
action of the air group embasrked on the carrier, None of the

destroyers in company have reported any sonar contacts.
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17. DEPLOYHENT TRANSIT

You are on your way home from a seven-month deployment
in conpany with a carrier, an oiler, and three other destroyers.

There are no known submarines operating in the area.




=% D s = Eomgee Tt s — = e
R am——— e e S =

i v |

iy

b

i

ey

| i

™

APPENDIX B
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SONAR OPERATORS' AND OFFICERS®
SURVEY INSTRUCTIONS
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| (Only th9se pages of the Officers' instructions
L which differ from the Operators' are included)
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INTRODUCTION

FACTORS IX SONAR TARGET DETECTION/REPORTIXNG

As you no doubt know, the Chief of Xaval Operz
gards ASW read1n“ssleffect1"eness information hi
izmportant, and considerable effort has been expended
tain such information through ASKH exercises. Therefore,
CNO/DOD planners also wish to know how such exercise data

can be best related to the exgected performance of our ASH
forces during non-exercise situatioas. Hazan Factors Research,
Inc., is under contract to the Navy to investigate certain
aspects of this question. 1In order to do this, we wish to
obtain your judgments (and those of several hundred other

fleet ASK personnel) coacerning various operationzl situations.

To obtain the desired information, we will ask you to
rank order a set of scenarios (printed on cards) according to
the first imstruction sheet. To do this, you can spread the
cards out in front of you and arrange thenm in a single
column--but you will probably find it more convenient to
actually form three shorter columas side-by-side, Soc you can
easily see all of the cards. Wvhen you are satisfied with a
particular ordering of the cards, please write the card nu=a-
bers in the boxes on the reverse side of the instruction
sheet, and ask for itksz next instoueiion sheet.

Please feel free to perfora these rankings in z way
which %ill reflect wour ozn opiniorn. Ovr report to the Navy
will be in terms of trends zad averages; only our company re-
searchi staff will see the actual guestionncires zmnd answer
sheets.

Before you begin the first ranking, please complete the
biographical questicnnaire on the other side of this page.




BIOGRAPHICAL DATA

Rank/Rate Length of Service

Yrs. Mos.

Present Billet/Responsibilities

How Long?

Yrs. Mos,

Educational Level--Highest Grade in School:

7 8 9 10 11 College Degree?

12 13 14 15 16 Graduate Study?

Navy Schools Related to ASW

[ ] Yes [ ] No

Yrs.

Area of Specialization in the Navy

Previocus ASW Billets

Name of Ship

Type of Ship
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(SONAR OPERATOR'S VERSION)

SONAR CONTACT REPORTING

For the purposes of this part, please imagine that you
are standing a scnar watch aboard your c<hip, that you are di-
rectly operating and observing your sonar, and that you and
you alone will make the decicion to report sonar detections to
the bridge. Your certainty of a contact depends on many things,
such as echo quality, consistency, strength, and so on, and you
can be more sure of some contacts than others. If vou were %to
see/he%r a very strong echo which showed obvious submarine tar-
get cues or characteristics, you could report "possible sub"”
to the bridge with little doubt or uncertainty concerning the
contact. On the other hand, if you were to see/hear an "“echo"
which was wery weak, inconsistent, and lacking in cues, you
might not be sure that you actually have a contact. Your
decision to report such a questionable 'contact' to the bridge
might depend upon the operational situation--for example, you
might be more likely to report such contacts during wartime
ASW operations than you would in non-ASW peacetime situatioms.
Please carefully read and consider each of the situations
described on the cards, and place the cards in rank order in
front of you so that the situation in which You FEEL You
WOULDN'T NEED TO BE VERY SURE OF A CONTACT TO REPORT "POSSIBLE
SUB" P0 THE BRIDGE is at the top, downward situation-by-
situation, to the situation for which YOU WOULD WANT TO BE
PRETTY SURE OF A CONTACT TO EZPCRT. After you have done this,
pleacse write the card numbers in the boxes on the other side

of this page ia the order you have placed the cards.
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SONAR CONTACT REPORTING

"I WOULDN'T HAVE TO BE VERY
SURE OF A CORKTACT TC REPCRT"

M

”M“J“w“%{ ‘A‘M";G\\ fureanpaary ity £

"I WOULD KANT TO BE
PRET®Y SURZ OF 4 CORTACT
TG REPORT™
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(OFFICER'S VERSION)

SONAR CONTACT REPORTING

For the purposes of this part, please imagine that you

are at sea. Sonar's certainty of a contact depends on many

W.
e R R A I 9o e G

things, such as echo quality, consistency, strength, and so
on, and they can be more sure of some contacts than others.
If they were ty see/hear a very strong echo which showed
cbvious submarine target cues or characteristics, they could

report "“pcssible sub" to the bridge with little doubt or

uncertainty coancerning the contact. On the other hand, if

they were to see/hear an "echo' which was very weak, incon-

Wl G TR

sistent, and lacking in cues, they might not be sure they

actually have a contact. VYou may feel that their decision

to report such a questionable '"contact" to the bridge could
depend upon the operational situation--for example, they

might bz more likely to report such contacts during wartime

e L L T TN A,

ASW operations than they would in non-ASW peacetime situations,

Please carefully read and consider each of the situationms

oy e gt e

descriped on the cards, and place the cards in rank order in

r Ly

dd it h ks

front of you according to your opirion of how sonar should
report, so that the situation in which YOU FFEL SOXAR KEED

NOT BE VERY SURE OF £ CONTACT TO REPORT "POSSIBLE 5UB" TC THE

|

BRIDGL is at the top, downward situation-by-situation, to the
situation for which YOU FEEL THEY SKOULD BE PRETTY SURE OF A .
CCHTACT TO REPORT. After you have done this, please write the

card numbers in the boxes on the otier side of this page in

the order you have placed the cards.
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(SONAR OPERATOR'S VERSION)
CONSEQUENCES OF MISSED CONTACT!

For the purposes of this part, pit2asc imagine that you

are the sonar operszstor and that
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your asttention, but was so weak, intermittent, and lacking

in cues that you had little nfidence that it actuzlly vas

a contact and did not veport it to the bridge as "possible
submarine." At least part of the time, such coatacts could
actually be caused by submarines. If it :cre actually a sub-
marine, it is a missed contact situaiicn, which can have a
variety of cons-~quences. Your ship may lecse points during aa
excrcise, in time of war your ship or those in company may be

torpedoed, the submarine may =ove cut of rzn

sitvation. Please imagine tnrai you iLavz zctfuciliy =issed a
corntaei. Carefully consider what the conscque of z missed

wh

centact zight b~ as you sez them for each of the operational

order in front of you so that the situation whose missed con-

situation £o that whose missed contact consequences are LEAST

tr ey vs 2 ovry P R o e T e R T I L o I TIT v sz YRSy Lo -
SEVEZRE, LEAST UZBESIZZR2LZ, andjor LESST U#PLIASAKT. After you

have done this, please write the card numbers in the boxes on

the otlier side ¢f this
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| CONSEZCUENCES OF MISSED CORTACTS

1 For the purposes of this part, please Imagine that you

— are at sea a—d that a “coutact" briefly caught the attention

= of sonar, but was so weak, intermittent, an. . cking in cues
g | that they had little confidence that it actual - was a contact
é - and did not report it to the bridge as "possible submaripe.®
% J At ieast part of the time, such contacts could actually be
% _ caused by submarines. If it were actually a submarine, it
§ - is a nissed contact situatioen, which can have a variety of Z
i [ 1 conseguences. Your ship may lese points during an exercise, é
Z‘ - in time of war ycur shipn er those in ccmpany =mzy be torpedced, :
i i the submarine may nove out of range and never reanpear, with i
% , its existence remzining unknown, and so on. The exact con- §
3 E
% - sequences of a2 missed contact may be different for different
§ people, and may depend upon the purticular operatiuvazl situa- 3
’§ tion. ZFigase imagine ihnat sonar ngs qeiuailiy nmissed a con- £
= . tget. Carefully consider what the consequences of a missed f

have done this, please write the card numbers in the boxes oa

the other side of this page in the order you have placed .he
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LIKELIHOOD OF MAKING CONTACT iy
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consider cach cof the situations described on cthe cards and
pluce the cards in rank ovder in front of you so that the
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H5 CONLACT REPORPING WOULD BE LEAST BAD. After

you have done this, please write the card numbers in the boxes

side of this page in the order you have placed
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QUESTIONNAIRE

now cve
in reporting.

b. Continug present reperting practices.

c. Report contacts wmore quickly than
iow even though it means morz false con-
tacts.

2. D"'r*;."xc pi rsen,—da’l ASF exzreise 31
you feel sonar sperators sazulid do?
c

b, Continue present reporting practices.

. Repert contacts move quickly than they
now cven though it means more false con-
tacts.

3. ¥hick have yvou found toc be true?

__a, Many rmore false contacis are repo. ~d du
ing ASW exercises than during nou-, .4
peacetine operstions.

B. A few more false coatacts are reported
duriag ASW exercises than during ngn-
ASY peacetime operations.

c. Abcut the same nusmber of false <ontacts
are reported during ASW exercises and
1non-ASYE peacetime eperatiens.

d. Tewer false contacts are reperted during
ASW exercices than during ncn-ASY peace-
time operations.

4. How ruch of a preblem do you thirnk false centacts
be in the even: of a war invelviag ASW?

4]
iy

a. Very serious problem.

b. Serious prcb

le
c¢. Moderate probiem.
d. Insigrificant p

w-l
J
o
p..a
1
’-

FOR ZACE JUr8TIQY, CHECY IiZD 282 RESPULNSE THAY NOET 2
ATELY BEFLECHS YOUR Cwid OFIi 00,
1. During preseni-day znon-.8% reeectime nreratich
- » T e - o~ 3 am oy e % O (R O S,
example; pcacetime transiting, non-ASW reiresher
- .. 3 - N !\ 3~ 3 . "~ - -
raining, and so on), which do you {cel sonax
Lo
tors snckid do?
: X :
a. Repcrt fewer falsc contacts thaan they do
ve ; pey a4
n thoug t means increased delay

a. Repotrt fewer false contacts than they do
ncw even theough it means increased delay

they do

would

i

e
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S. At the present time, how well do you think the bridge
can judge the degree of certainty which sorar has about

pe——

an ipitial contact? - :
a. Very accurately. i b
—_— i
]
b. Accurately. fad
c. Not very accurately. ol
- H :
d. Not at all. o e
6. How useful do you think knowledge of sonar's confidenca b
or certainty concerning an initial contact would be in 'l
decision making on the bridge during a war involving -
ASi?
Fate 110 s 3
R -
a. Very useful. i :
b. Moderately useful. . .
c. Of little use. E

d. Of no usec.

7. From wour ocwn ezpzrience during present-day ASW exercises, |
what do you feel is a typical false contact rate ]
a. in coastal/shallow water? ] «
per =
number of false unit of time R
contacis | :
b. 1in mid-ccean/decep water?
per |
number of failse untt of time
écnracis r
3 : o~ s 3 £ QS 1 Fod L
8. In the event of war invelving ASW, what do you feel a
typical false centact rate might be —
a. in coastal/shallow water? o )
per B E
number of fclsce unii of iine 3 i
ceniqeis N
b. in mid-ccean/deep water? 3 F
i
per =t
number of faige unit of time r 1
contacts i 1 :

1
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thiré siide shows the results of pings 1, 2, and 3; the fourth
slide shows pings i, 2, 3, and 4; the fifth slide shows pings
1, 2, 3, 4, anéd 5; and the sixth (last}) slide of a sequence
siigws the result< of pings 1, 2, 3. 4, 5, and 6. Each and

o

every £-slide sequence progressively shows the results of 6
consecutive somar pings which occurred one right after the
cther. Hovaver, the various seguences were obtained at dif-
ferent tipes, and there nay be no relationship between what
you seg in on2 soquence znd what you see in znother. But
vithin any given sequence, the ping history develops just as
it did on the sonar dispiay.

Your slide projector will automatically show you the
*next® slide every 25 seconds. Therefore. vou will be able
to look at each slide for 25 seconds before seeing the next;
:311 be able to look at the results of a given

tazt is, you i

ping {end any prior pings which were stored on the display)
for ZI5 seconds before seeing the results of the next ping
This is somexhat faster than you would be able to view suc-

cessive pings at the sonar (the A-zone start was always at
so=2 raage from own-ship, and you will be locking at a 20 Kyd
4th) bat you should have ample time to scan the display
after every ping.
Each slides you will see has a four- d%gi nuber in th
lower right-hand corne: which will permit you to tell which
which sequrrnce it shows. The first two digits

o

)*h

pi=ngs o
identify the "sequence'; the last two digits identify the

e

“ping ﬁzsﬁer-“ As you view successive slides, you will see

the numl.:s develop in the following way:

SLIDE XNUMBIRS WHAT YOU SEE IN THE SLIDE
01901 sequence 1, ping 1
0102 sequence 1, pings 1 § 2
01905 scquence 1, piags 1, 2, & 3
0104 sequence 1, pings 1, 2, 3, § 4

po=
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3 l SLIDE NUMBERS WHAT YOU SEE INX THE SLIDE

= 0105 ~ seguence 1, pings 1, 2, 3, 4, § 5

. ‘ 0106 sequeace 1, pings 1, 2, 3, 4, 5, § 6

5 x 0201 sequence Z, ping 1 ‘

é § 0202 . sequence 2, pings 1 § 2

£ i ¢ * -

§: E 2901 sequence 29, ping 1 -

=2 2502 sequence 29, pings 1 § 2 :
5 etc. etc. :

ity

foid i ot pabebd i

You will view a total of 72 sequences, each containing § con-
secutive pings. Since it takes 25 seconds per slide, the
total viewing time will be 3 hours. However, you will have
] 3 five-minute brezks, one every 45 ninutes.

-

Coniact Reporting Procedure

A SR
{

Lot md

To permit you to report contacts, you will have a contact
reporiing push buttorn which, when you push it, will record the
ping nucber on which you repcrted. In addition, you will have
a nuzber of coniaet reporiing sheets to permit you to record

werey

r..nm
Ve we
PR

oy

L the approximate range and bearing of each coatact you repor
- with the push button. The detailed reporting precedure is as
: follows.

4||||||1 Nl l‘ il

For each seguence, carefully search the display for yés—
sible contacts as the slides are presented to you. If, for
example, something catches your attention on the Znd ping of
the sequence which you feel you would report as a Mpossible
sub™ contact on your ship, pusk your coriae: reporting bu
and then immediately write in the first line of the “REPORTS"

na

P
zeon

plock of the conteei reporting sneei the following informationm:

1. In the first column, labeled ™
¥rite the nuwber of the slide
lower right corner) duri=z 2k

- butiton.




Pilace a check in the FM or €W columa2s or both
to indicate whether ycu sec the contact in the
left 12 beams {(FM) or right 12 beams (Ci¥) or
beth.

Estimate which of the 12 bezams the contact
appears to be irn and write this beanm number
in the column labeled "APPROX BEAM RO.™.

The bean numbers on your viewing screen will
a2id you.

Estimate the rangz cf the contact from the
start of the 20 Xyd A-zene in Kyds and write
this range in the column iabeled "APPROX
RANGE Kyds™. The range numbers on your view-
ing screen will aid you.

If you can determine whether the contact has
an opening range razte, no range rate, or
closing range rate aqf fRe fime rou report,
place arn appropriate check in one of thne

last three columns of thz reporting block.
Naturally, “oc do this vou will have to be
viewing at least 2 contact echoes at the time
ycu repert. If you are not, make no eatry in
these coiumas.

To continuc the cxample, you =ight feel you would noe
Teport the "somethins™ whick caught your

a
without further evidence. In that case, simply wait for ad-

o
Gu

during routine non-ASY operaiions at sea. Do not report

ecrlier in the sequance than this, and do not report laier

in the sequence tham this. Ii on ping 5 of a sequence you

L s

Lo of

)

lmmm ml

I

" umuuuuuum]
i, SO

C

)

A I

{

o \I

bt W

e St

2
=
S
E
21
£
]
=

AR




pro womany

push your contact reporting button egairn and immediately record
the secquence/ping number and the range, bearing, ctc., informa-
tion for the 2nd contact on your contact reporiing sheet, on
the line belcow that used for reporting the 1lst contact. Every
time you push the contact button, you should make an entry on

a line of the contact reporting sheet.

If vou have made a report during any sequence, place an
appropriate check in Block II of your contact reporting sieet,
labeled "CONTACT QUALITY, 1st Target," during the lgst ping of
that sequence, when you can sce all 6 pings. This will pernit
you to say whether the reported contact is a "good,” Yfair," or
marginal" contact after sceing all six pings; or perhaps you
would feel the reported contact turned out to be '"not a con-
tact," but noise or reverberation marks, in which case you can
check that block. If you ho.e made 2 reports during a sequence,
be sure to place a check in Block III of your contact reporting
sheet also, labeled "CONTACT QUALITY, 2nd Target." If you have
made more than 2 reports during a given sequence, you should
comment on the 3rd and subsequent repcrts in Block 1V of your
contact reporting sheet, labeled "COMMENTS." Any additional
information on reports 1 and 2 may also be placed in this

biock if you desire.

If you have made any contact rcports during a given se-
quence, you shouid have entries in Blecks, I, II, and possibly
IIT and IV on your reporting sheet by the end of that sequence.
At the beginning of the next sequence, turn to the nesi contact
reporting sheet. Each contact reporting sheet which is used
shouid contain information concerning ore and cnly ping se-
auence. You do not have te use a contact reporting sheet
unless you have made one or more contact reperis during & se-
quence, and it is very unlikely that you will see reportable
contacis in all the sequences. But, whein you do make a s~port
and use a contact reporting sheet, be sure to turn to a nevw

one f{or the next seguence in which vou wish to report.

« A O T IO SN DGR A AT ST S R,




Because we want your own judgment concerning contact
reporting, we ask you to refrain from discussions with other
sonarmen participating todey, until yout all have completed
the task. Your cooperation in this task is greatly appre-

S——
'

ciated. If you havz any auestions concerning these proce-
dures, please fecl free to ask the reprzsentative in :liarge :
of the apparatus.
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I. REPORTS--Make entry for every reporied contact of a sequence.

EPPROX. ¢ QPEHING Ho CLOSIRG
= SEQ/PIHG RAHGE RANSGE RANGE RANGE
WUKBER | FH Cy BEAM NO. | Kvds RATE RATE RATE

5CT QUALITY, 2nd Target
Harginal fat a
Centace Contact
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APPENTIX G

RANKING INSTRUCT1uXNS
AND QUESTIONNAIRE
ABMINISTERID TO
THE SONAR CYERATORS
WHC PARTICIPATED IN

THE DETECTION EXPERIMENT
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SCENARIO RANKING & QUESTIONNAIRE

Please write your KAME:

g o

Cn the insitruciion sheet (which is the next page), -

we ask you to rark order a .=t of scenarios (printed on cards).

wy iy a iy

To do this, you can spread the cards out in front of you and

arrange them in a single column--but you will probably find

PR

it more convenient to ac%yally fcrm three sherter columns

side-by-side, so you can easily see all of the cards. When

you are satisfied with a pzarticular oxdering of the cards,

w2 it

pleasc write the card numbers in the boxes on the reverse

3t e

side of the instruction sheet. Then please answer the
questions on the front and back of the last page, which is

the questionnaire.
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INSTRUCTION SHEET
CONSEQUENCES OF FALSE CONTACTS

For the purposes of this part, please imagine that you
are the sonar operator and that you have reported a contact to
the bridge as "possible submarine." At least part of the
time, a contact reported as "possible sub" turns out to be
non-submarine. This situation constitutes a false contact,
and can have a variety of consequences. Fuel and/or weapons
may be expended, the ship may leave a position in a2 screen
unguarded, the ship's captain may have to be awakened, and
so on. The exact consequences of a false contact may be
different for different people, and may depend upon the
particular operational situation. Please imzgine that you
have actually reported a falsz contact. Carefully consider
what the consequences of reporting a false contact might be
as you see them for each of the ope-ational situations
described on the cards, and place the cards in rank order in

front of you so that the situation whose PALSE CGETACT COESE-

]

QUENCES WGULD BE HOST S

ty
3

IR-P

l,
o

VERE, EOST UNDE. BLE, and/or MOST
UNPLEASANT is at the top, downward situation-by-situaticn
to that whosé FALSE CONTACT CONHSEQUENCES WOULD BE LEAST SEVERE,
LEAST UNDESIRABLE, and/or LEAST UNPLEASANT. After you have
done this, please write the card numbers in the boxes on the

other side of this page in the order you have placed the cards.
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POR EACH QUESTION, CHECXZ TEEZ OLE RESPON3SEZ THAT

ATELY REFLECTS Y0OUR OHE OPIEIGH.

1.

During preserni-dazy no n—és
example, peacetime transit
tr31Q1ng, ané so cﬁ) whic

tors snouid do?

MO0ST ACCUR-

¥ peccetime operations (for
ing, non-ASW refresher
h do you feel sonar opera-

a. Report fewer false contacts than they do
nox even though it neans increased delay
. in reporting.

b. Continue present reporting practices.

c. Report contacts =ore Juickly than they do
now even though it wveans more false con-

tacts.

-

During preserni-day AS¥ exzercise
you feel sonar operators sxzoutl

s
do

S«'h

in reporting.
b. Continue pr

itugtions, which do
2

a. Report fewer false contacts than they £go
now even though it means increased delay

esent reporting practices.

c. Report contacts more quickiy taan they do
false comn-

now ever though it =eans zor
tacts.

Y¥hich have
a. #any
ing AS¥W exercises than
peacetime operatiocas.

you found to be true?

ASY peacetime operatiocss.

c.- About the same number of false co
are rcpoerted au'zng ASH exercise

non-ASW peacetime operations.

ASY exercises
time operz t*ons.

Py

(3

a do you think fal

How much of a prebi s
£ a war 1?“01¥‘ﬁg ASK?

be in the event ¢
a. VYery serious problem.
b. Serious problemn.
c. Moderate proble=m.
d. Insignificant proble=.

157

&
~

=ore false contacts are reported dur-
during non-ASW

b. A few more false con“acts are reported
during ASW exercises than during non-

d. Fewer false coniacts are reported during
than during non-ASW peace-

contacts wounld
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