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INTRODUCTION

A Cadillac Symposium was convened at the Special
Devices Center at Sands Point, Port Washington, New York, on
17 and 18 lay 1950 for the purpcse of reviewing the activities
of the New York University Human Engineering Project.

Representatives of CNO, the Bureau of Aeronautics,
the Naval Research Laboratory, the Operations Ivaluation
Squadron (VX-4), the Naval Air Development Center, and the
Glenview Naval Air Technical Training Unit attended.

The laboratory facilities and gear were denonstratec
during the two-day conference. A number of organizationa® ar’
technical taelks were presented by New York University personnel
and by personnel of other Navy organizations.

Abstracts of the principel talks are convained on

the following pages.
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The Human Engineering Project Progranm Dr. R. L. Chapman
NYU Technical Director

The Symposium was called to explain the purpose of
the NYU Humen Enginecring project, to make a progress reporev,
to describe the talents brought to bear on the problem, and to
outline the kinds of answers that can be expected from the pro-

ject.

The project is devoted to an evaluation of the human
aspects of the airborne CIC system and the recommendation of
improved design of components and improved operation of the
system in general. Thus far, work has proceeded on the in-
stallation of the equipment and orientation of the crew and the
expcrimenters. It is expected that thce installation of the
gear itself will not be completed until September 1950, Sev-
eral experimental studies have alrcady bzen finished, however:
one on the ovaluation of several suggested plotting aids, and
two studics of the load that one scops operator can handle. 1In
addition, consultations havc bcen rendered tc BuAer and to manu -
facturers completing gear for the installation.

NYU has brought together cexperimental psychologists,
industrial engincers, and elcctronlics onginecrs to contribute
their various talents to this study. A crew of expericnced
CIC officers have also been assigned to the projcct to serve
as subjccts and as opecrational advisers.

The prinary concern of the project is the proper
design of individual piceces of gecar, thc discovery of the most
efficient oporation procedures, and the cvaluation of the wvari-
ous man-machinc linkages in the system. Secondarily, the study
will yiocld informeation on tactical questions, on maintcnance
difficultics, and on the problecms of selecting and training

CIC officers.

The way in which the project has been sct up insures
that thc answers that are found will be: pertinent and practi-
cal, bccausc tho Navy officers have becn assigned as operation-
al adviscrs; scicentifio, because of the background of the in-
vcstigators; objective, because the results can be verified
scvoral times under laboratory conditions. The results will
havc application to more than this spocific situation becausc
the problem is being studied in a fundamental and thorough wey.
The results will represent the pooled judgments of men from
the varlous progessions whosc ecxperionce have a significant
becaring on the project.
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The Electronic Equipnment | David M. Goodnan
Assistant Technical

Director, Electronics

The electronics section of Project Caodillac is under
the immediate supervision of the assistant technical director
for Elcctronics Engineering. One graduate engineer and two
eloctronic technicians complets the staff in this section.

The functions of this section to datec have bacn (1)
the installation and nointcnance of equiprment supplied to the
project by various activities, (2) the design of special elec-
tronics circuits and faciiities required for project use, and
(3) to serve the project in the capacity of clectronics con-
sultants. These threc functions have been and will continuc
to be performed until the equipnent needs of Cadillac III are
fulfilled. Iv is than anticipatcd thet a shift in cemphasis
of the various functions mey be effected.

The progress nade by this group during the neriod
1 Dccomber 1949 to 15 iJarch 1950 was cxcellent. The laborato-y
space proscently ocoupied by thoe project was nade available th~
first woek in Deocnber 1949, Tho office space wus allocated
and occupicd, end inter-offico cormunicetions syst.m was in-
stalled, and the clectronics equipnent for Cudillac III was
receivcd from the Bethpage Navel warchousc in this first month.
During January and February of 1950 tho nock-up of the PO-1W
hull was erccted. Installed tinercin, and for the nost pert
corresponding to the Lockheed aircraft layout, was ths
AN/APA-56 cnd the AN/APA-57. The interconnunication boxos for
the CIC crew werc likewiss installed in thoir aopropriatc posi-
tions., Exterior to the hull, the redar sirwlating cquipnent
was arranged to take thc plece of the basic radar, the APS/20A.

The najor equlpment componcnts, with the exception of
the CIC intcreon wers sct into operation, thoroughly eligned
and coordinated, and werc nede avalleble for projoct use in
the nonth of Morch 1950, Various ninor projects were succcss-
fully completed during the saie period to provide, ciongst other
things, simulated onginc roar end a sinplified cornmunications

systen.

Upon installation of the sca return sinulator, the
hoight finder simulator, tho radio simulator, and upon the conm-
pletion of the CIC intercormunications syston, arn’ extrenely
floxiblc replica of the Navy's letost doveloorient in airborne
CIC will be in operation in this laboratory.
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Contribution of Naval Officers Lt. D, L. whittenore, USN
Senior Special Projects Officer

(Cadillac III)

The need for operationally trained operator-subjects
for the systcms studies led to a request that fleet CIC officers
be assignzd to the project. This resulted in the assignment of
the following officers to the project:

Lt. D. L. whittcemorz, USN Land-bascd AZW Squadron CIC

Officer
Lt. F. .. Guttenberger, USN Aircraft Carrier CIC Officer
Lt. J. R. Zeitvogel, USN Aircraft Carricer CIC Officer
Ltjg. 4. Skeos, USN Alrcraft Carricr ACO - Night
Contrel
Ltjg. G. F. Bean, USH Alrcraft Carrier A60

One additional officer has been requested and should
report in August 1950. Lcdr. Robert W. Jeber, in addition to
the officers naned, is serving as a tcchnical advisor to the 2T

Jject,

In addition to acting as subjccts, the officers havc
contributed to the projsect in the following ways:

1. Providing liaison botween NYU staff and thc Special
Devices Ccnter.

2., Providing groater project security.

3. Providing ovncrational advice and evaiuation in
cxperimental problems.

4, Aid in thec cataloging of data obtained from cx-
periments.

5. Aid in accounting for government furnished cquip-
ment.

Through mutual enthusiasi1 and close coopcration be-
twecen the NYU staff and the officer personncl assigned, ths re-
sults of the proJect will bec not only scicntifically pertinent
but will also reoflect the worth of the system in actual oocra-
tional usc. It should providec the best evaluation of the
systenm possiblc under controlled laboratory conditions; thore-
by obviating the counticss hours of flying time, which would
ordinarily be a pre-requisite to an operationel cvaluation.,
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What is Human Engineering Research? Dr. R. L., Chapnan
NYU Technical Director

Human engineering received its nain inpetus fronm
World War II when it was found that devices becene so compli-
cated that it was difficult for the human to operate them

efficiently.

The Technical difficulties in the design of new
equipnent are so great that it is small wonder thet the engi-
neer restricts his efforts to building a gadget that he thinks
a human should be able to operate. The perfornance obtained
with equipment designed in this conventional manner clesarly
shows that we must deal with the operetor as he is recther than
as he should be. The individual has both physical and psycho-
logical 11nitations when working alone. When he works as part
of a team, many difficulties arise that perhans should not
occur., But they do, nevertheless, When 1% 1s possible to
nininmize these difficultlies by redesign, this must be done.

We have come to realize that, perhaps unfortunately, improv-~
ing the technicel aspects of a pilece of gear doecs not -ican inm-
proved perforaance. We nust consider the operator and his
abilitlies as an integral part of machine perfornance.

It must be said that it is not necessary to be
scientific in such uan investigetion as this, if one could be
right. Theroe arc nany embarrassments which havse arisen, how-
ever, because a designer thought he was right, but wasn't.
Thug, the scientist does not trust opinion and observation un-
less it i3 backed up by fact. The merk of success of this pro-
Ject as a scientific study will be that the sane results can
be obtalned with a different orow of operators and with a dif-
feront orew of oxperimentcrs as woll.

This projesct's work fells into the category of
"action” research, where effort is directed at practical and
irmediate oroblems. A grecat deal of information cen be ob-
tained very effliciently with rescarch techniques, though they
nay seem at times to be slow. For instance, approxinmately
25 por cont of the project's time is spent on preparccion
for experinments, only 15 per cont on actual data taking, and
another 35 per cent on analysis of date and writing of reports.
An odditional 25 per cent of project tine is required for
naintenance. The long way around, if this 1is the wey to de-
scribe rosearch methods, i1s ofton the shortest way hone.



Dl

The Contribution of the Experimental Dr. R. E, Taubman

Psychologists to the Evalus*”’ .1 of the Assoc. Tech. Director

Airborne CIC System Ass't Tech. Director,
Psychology

The Alirborne CIC consists of a group of men and
machines, which together rmust produce results. This team of man
and machines is a system in which the human element 1s of vital
importance. In studying this system, a psychologist can make
an important contribution because of his training and experience
in conducting research into human behavior. The CIC system in
the PO-1W, though more complicated, 1s comparable to the men
and machines in a production line. In the production line, the
most efficient system can be found by corparing the work output
of different man-machines arrangements. In the study of CIC
systems, the methods of studying the system are essentlally the
same,

The first step in investigeting a CIC system involves
learning what work loads an operator can handle, Such a study
has been completed and the salient results can be reported. The
experiment was concerned with the relation between the dif-
ficulty of an AEW problem (work load) to the time necessary to
report a new target (work output)., It was found that the
operator took longer to report a new target as the number of
targets on the scope face increased. When no more than one or
two targets were on the scope, the operator reported an ad-
ditional target within one tenth of a minute; when fourteen
targets were on the scope, however, he required one and a half
minutes, on the average, to report a new target. The number of
reports made per unit time (work output) did not change with
an increase in the number of targets on the scope (work load)
but remained constant. The number of points plotted per unit
time also remained constant--one plot per scan., The time
between successive reports on a given target was found to
increase with the number of targets on the scope, so that with
more than eight targets, one report per minute per target could
not be made. Direct unaided estimation of range and bearing of
targets showed a surprising degree of accuracy and reliability.
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Industrial Engineering Aspects J. G. Adiletta
of Project Cadillac Harold Abrams

The field of industrial engineering affords certaln
techniques which can be applied to the CIC proulem. Such
standard techniques as time study, micromotion analysis, and
the construction of multiple activity charts of men and equip-
ment have been adap*cd to this special problem. These techniques
will be used to gatlier data on which to base a redesign of the
controls of individual pieces of equiprment. The industrial
engineering principies of motion economy serve almost equally
as well for the military as the industrial situation.

Two studies, one on plotting aids, and one on the
seating of CIC personnel, demonstrate more specifically some of
the industrial engineering aspects of Cadillac III as well as
som§ og the concrete results obtained by the staff of this
project.

1. Plotting Aids:

Five methods of obtaining the beering and range of
one target relative to another were evaluated. These methods
were: the mechanical cursor head modification, visual estimation,
a 3600 plastic overlay disec, a 1800 plastic overlay disc, and
the offset slew method which makes use of certain electronic
features of the repeater scope. The results showed that 360°
disc was relatively faster and more accurate than the other
devices tested. Its use would be recommended in preference to
the other devices in the present stage of design; however, the
further development in specific ways of the mechanical cursor
head was suggested.

2. Seating Survey:

A survey of the seating needs of CIC console opera-
tors was conducted so that seating specifications, which would
lessen fatigue and minimize distractions due to physical dis-
comfort, could be submitted. The specific recommendations
made included these points: the physiceal dimensions of the seat
proper, the meterials with which the seat should be covered,
and the design and placement of the adjusting controls, and
comments on the necessity of reducing the transmission of
vibration to the operator,
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The Teamn Concept Capt. J. R. Poppen
Naval Air Develonment Center

Johnsville, Pennsylvania

Thce appropriate organization for accomplishing the
terminel stage of development of a gadget or a procedurc, is a
vertical team compiysed of exponents of all the various srecial-
ties involved in that development. This is & very importunt
conccpt which developed during the last wer. I want to express
the conviction that, in this typs of project, the essential
thing is to have a vertical team composced of speclalists, escl
of whom is his own srecislized ability to this thing as a "/h.log
I think that o tear stch as you gentlericn represent in Cadilluc
I1II is well formulated.

Human engincering is clso or tremcndous intersst to
flight surgecns., The broad concept of integrating svecialtics
to the devclopment of equipment whiich poopic can usc vo its
best advantags, is of tremcendous importance because it results
in incr:ased practicol cffcetiveness, I om happy therefore t»
sce the degree to which humen cengincering has beon utilized i
this project,

I really belicve that naval aviactors with CIC 2xperi-
enc. and ability have a very important place ns o tcam member
on this project and can contribute very nmeoterially to indicat-
ing what is desirable, what is good ond what is not good. The
naval aviator shculd accopt thc orinciple of being a part of
this team; he not only can contribute to such projects, he is
clso lmprovcd by thls cxperience,
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The Objectives of the Team Commander Veazey
CNO Op 413

Captain Poppen has talked to you about the "team" and
I will now try to tell you something of the team objcctives.

The major objectives of the Airborne CIC team were
clearly established recently, when, as some of you probably
know, the Research and Development Boaré, functiioning directly
under the Secretary of Defense, allocated primary responsibility
for research and dev:lopment in the field of Airbornc Early
Varning £nd Airborne CIC to the Department of the Navy., Our
team objective in this regard 1s made doubly important to the
country c- a whole duc to the faect thet the other militarv scre
vices have discontinued practicelly all activity in this r-
deavor. The work of the team 1s vital to the nation because
with the one exception of Airborne CIC, we know of no other
method by which s» much early warning data can be gathered,
evaluated and utilized in so 1little time.

I will now attempt to illustrate some of the future
uses of the system, and hence "team objectives.," The installa-
tion and operation of the basic radar early warning systerm for
the continental U.S, 1s the responsibility of the U.S. iir
Force. The installations have progressed just beyond the plan-
ning stage at this time. It i1s planned to utilize the services
of the LKW or Airborne CIC planes in thec overall system and it
is interesting to note that if our country were faced with the
threat of an air attack in the immediate future, a large measure
of the early warning for the United States would be dependent
upon the AE¥ and Airborne CIC planes we are presently working
One.

Needless to say, we are considerably beyond the plan-
ning stage in our program. The aircraft so employed in any °
case would include some of the products of the work being
prosecuted here at the New York University firborne CIC project.

fs you probably know, we arc nov working on a moving
target indicator so that we can detect targets through khnd
reflection and recent tests are very encouraging. I telieve that
I am safe in saying that the day the Navy perfects airborne
moving target indication will be the same day that the Canadians
and our own sister air service will core to the Navy for as much
equiprent and know-how as is possible to get,

From the foregoing, you can be assured that your team
objectives arc high, so stick together and work togcth:r as a
team and when the going 1s rough, just remember how little
early warning our country has today and what 1t will have in the
future through the medium of a gyccessful airborne CIC programn.
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Concluding Cormments Mr, V. J. Sharkey
Hunman Engineoring

Project Engineecr

Project Cadillac is one of several sponsored by the
Spccial Devices Center in the application of human engineering
principles to the design of operational equipnent and systoms.
This is one of the methods employed by the SDC im solving
training problemes. Frequently training difficulties may be
lossened by rodesigning and modifying proscent squipment with
the limitations and copabilities of the human operator clearly
in mind. Then too, fugure problenms in training rey be obviate’
by optimal design and arrangcment at the outset.

Two questions have come up during the course of thcase
neetings which I feal should be answered now, The first per-
teins to the target datec. Our prime interest now is thc system
that is being installed in the PO-1W zircraft. Our immediate
purpose is to detcerminc how we can get the nost out of what we
have. Our ultimate goal is to assist other development agen-
cles iIn arriving at the optimal airborne CIC that is capable of
devclopment within the next five ycars.

The scoond question pertains to the method by which
the results of thc studies being conducted by NYU will beconme
available to you and to othaers intcerested in this general arca.
As oach phase of the work is completed, a tochnical report is
propared and is distributed by the Special Devioces Center. You
ara all on this distribution list. iferorandun reports in an-
swer to specific questions submitted to the project will be sent
to authorized individuals,

We shall plan to have another symposiun such as this
when thc work has progrcased to the polnt whore it 1s indicated
thet another necting is desireble,

- 10 -




