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1,0 SUMMARY
1.1 Purpose

The New York University Human Engineering Project is con-
cerned with the evaluation, from the human engineering point
of view, of an airborne Combat Information Center (Cadillac
III). The purpose of this report is to describe the nature
of the research problem by listing the varigbles which pos-
sibly influence the system's performance, to state some
principles for systems research which have been evolved, and
to report certain tentative results,

1.2 Source of Information

The data reported were gathered in some 50 orientation
runs of the system. The remaining portions of the report
are derived from that data, from laboratory experience, and
from extensive staff conferences.

1.3 The Structure of the Problem

As the result of an intimate consideration of the research
problem, it has been possible to prepare a series of statements
which provide a preliminary structure for further study. The
following topies, in particular, which are discussed in the
body of the report, will illustrate the nature of the structure
evolved.

Paragraph Page

e NO, No,
The airborne CIC and what it does 2.1 2
Research task as stated in the contract 2.2 6
System study research principles 4,5 42
The Stimulus Complex: The scope stimuli 5.2 51
The verbal stimuli 5.3 Sg
The system variables: Behavioral 6.2.1 5
Environmental 6.2.2 6
Design 6.2.3 6
Output measures: Production 7:3+1 71
Latency 7302 72
&ccuracy 7:3.3 73

1.4 Recommendations

It is recommended that the statement of the research
problem in its various aspects be carefully examined by cogni-
zant agencies. Suggestions should be conveyed to the NYU
group, through the Special Devices Center Human Engineering
Division, to ensure that the research results are appropriate
to the task.



2.0 INTRODUCTION

During the course of the development of the airborne Combat
Information Center, the Bureau of Aeronauti:s recognized the
need for investigating how the equipment in that Center could
be used most efficiently by the crew. As a consequence, the
Speclal Devices Center, Office of Naval Research, was asked
to contract for a human engineering study of the airborre Combat
Information Center. The New York University College of Engineer-
ing was selected to do this work.

This report will discuss the problem of studying an airborne
CIC from a human engineerirng viewpoint. Before an outline of a
research program is presented, consideration will he given to
what an airborne CIC is and what it is supposed to do, what
human engineering is and how it can improve the performance of
a system, and what research methods are appropriate for this
sort of study.
2.1 The Airborne Combat Information Center an? What It Does

The Combat Tnformation Center (CIC) is a space in a ship
or aircraft so equipped and manned, so arranged and organized,
as to provide for the collection, display, evaluation and dis-
semination of combat information. It performs the combat
control functions assigned to it.

Information 1is received from various sources such as radar,
intelligence reports, radio, radio direction finders (RDF),
electronic counter-measure equipment (ECM), sonar, visual look-
outs, a2rological data, operation orders, and other publications.
This information must be sorted and displayed. It must then

be analyzed as to its tactical meaning. That requiring action
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must be acted upons that requiring dissemination must be relayed
to the necessary places,

During the latter days of World War II, low-flying
Japanese alrcraft were able to approach within 20 to 25 miles
of our Naval forces without being detected by shipborne radar.
To correct this limiting of coverage resulting from radar's
line-of-sight characteristics, the radar set itself was sent
aloft, and then more and more auxiliary equipment was included.
Each succeeding version of the airborne CIC has been developed
to provide more potentiglity.*

The particular version of the airborne CIC under study is
the third--Cadillac IXII--that system installed in the Lockheed
Constellation aircraft designated by the Navy as the PO-1W,

It should be noted that the PO-1W is an experimental model.
The airfreme chosen for the operational Airborne CIC aircraft
is the larger version of the Lockheed, Navy designation PO-2W,
called commercially the Super-Constellation. Hereafter all
references will be to the operational PO-2W,

Certain assumptions regarding the operational use of the
PO-2W have been found to be appropriate and can be stated as
followss
2.1.1 Task Group Organizationt The nature of the tactical
situation facing the combat control system, of which the PO-2W
is a part, requires centralized control with decentralized
action. This would mean that any air control functions per-

formed by the airborne CIC would have to be explicitly authorized

*For a more detailed discussion of the history and development
of the airborne CTIC, see Technical Report SDC 279-3-5, "Layout
of the Combat Information Center in the P0-2W Aircraft."

- 3 =
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either by the provisions of the Operation Order or by the
Officer in Tactical Command (OTC), who usually commands

the Task Group with which the P0-2W operates, and whose

staff prepares the Operation Order. The principle of central-
ized control requires that the reports made by the airborne
CIC go to the OTC, to such places as he directs, or where

the Operation Order specifies.

2.1.2 Punctiont The primary function of the PO-2W, as
defined by the Chief of Naval Operations, is that of airborne
early warning (AEW). Its secondary function is that of con-
trolling air intercepts. Additional functions may include:
anti-submarine warfare (ASW), air control, air-sea rescue
coordination, weather reconnaissance, and amphibious landing
coordination. In more detail, these functions are:

1) Detection. Search, detection, and tracking of
targets within an area not covered by the radar
of surface ships.

2) Evaluation. The evaluation of targets as to
friend or foe, air or surface, raid or snooper,
number and type of enemy weapons in each raid.

3) Air control. Offensively, this would include
such duties as providing friendly bombers with
warning of the approach of enemy fighter groups,

of acting as navigational director to friendly
strike forces, of directing mine laying aircraft

to the point of release of their mines. Defensively,

it would include control of on-station CAP in" the
interception of enemy snoopers, vectoring of killer
aircraft to submarine contacts, aiding returning
atrikes and interceptors to ef}ect rendezvous

with théir home base, and performing "de-lousing"
actions.

4) Reporting. Giving evaluations of tactical situ-
ation to the OTC, reporting detailed positions,
courses, speeds, and altitudes of enemy raids to
other CICs into whose area raids are going.

-4-
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2.1.3 Operating Areat In performing its airborne early
warning and "anti-snooper" functions, the P0-2W will have to
operate at thqt distance from the force which wi;l provide
adequate éarlyuwarning and/or snooper protection.* )
2,1.4 Communication Links: The primary communication 1links
at such a distance from the force will be MEF or CW redio, or
VHF or UHF radio through relay stations. At this distance,
and at the prgsent stage of technical development, the use

of the PO link to-OTC seems unlikely. The:e very well may be
several communication nets: one which links the various PO-2Ws
to the orc; and others which link the P0O-2Ws to other CICs.
The amount of traffic will crowd these nets so that careful
consideration. will have to be given to the type and amount of
info?mation permitted on the channel.

2,1.5 Command of the Airborne CIC Aircraftt For the airborne
CIC to accomplish its stated mission most effectively, the

CIC Officer must be in command of the plane while 1t is on
sfation. If the CIC Officer deems it necessary to change the
flight patfern of the plane because of the tactical situation,
his decision must govern,

2.1.6 Load Conditionss The load condition to be faced by the
Combat ContrblASystem is, of course, most difficult to predict.
The load condition for a single.picket such as the airborne CIC

may vary even more. An assumption is made that it may rarge

*An operational research study on the function of the airborne
CIC is in progress under the direction of tane Special Devices
Center. The published report of this study will indicate

the ideal operating conditions for this system.

- 5.




between 20 and 50 raids per hour.
2.2 Research Task As Stated in the Contract

New York University has been instructed to conduct research
(under the cognizance of the scientific officer assigned by the
government) in the following areass

(a) Conduct a study of existing and proposed airborne

CIC installations for the purpose of (1) ascertaining the.

most effiecient layout of equipment and controls for CIC

functions, and (2§ investigating the possibility of adding,
eliminating, or modifying component equipment of the CIC
system for more efficient operation. ‘

(b) Ihvestigate new techniques in presentation, layout,

and operating procedures with particular emphasis on

reductipn of operator fatigue,

(¢) Make recommendations to the Bureau of Aeronautics

vla the Special Devices Center of the Office of Naval

Research for desirable changes in CIC equipment which can

be Incorporated in models now or soon to be developed.

(d) Collaborate with other research and devélopment

groups to assist in the submission of a study of a.. ideal

alrborne CIC system which i1s considered capable of develop-
ment in the next five years.

Theré were a number of reasons why this task could not be
stated in more detail. The rapid rate at which new electronic
devices are being developed has many tactical implications for
the military organizations, of which the airborne CIC is only a
part. Thus there must be constant effort on the part of each
element of the larger program to remain flexible to new
developments; ultimately the parts must fit together. An ap-
preciation of this situation keeps the contracting agency from
restricting the range of the research worke.

Equally important has been the fact that because human
engineering systems study 1is relatively new, the precise nature

of the results of such study could not ‘e anticipated. The

N
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contract terms must permit the exploration of both subject
matter and techniques; the research task will be defined in
part by the effectiveness of the techniques developed by the
researchers,

Broadly interpreted, the research goals are two-fold:
a) research leading to the best utilization of present
equipment (that designec for inclusion in the P0-2W Lockheed
Constellation), and b) research leading to the development
of future versions of the airborne CIC. The PO-1W, and 1its
associated electronic gear, was intended to be an experimental
airborne CIC to be tested operationaily and experimentally.
The world situation, however, made the need for a production
model of the airborne CIC more urgent; it has been necessary
to proceed with that design with limited experience.
2.2,1 The Way the Contract Will be Carried Outs Inferences as

to the kinds of results that may be expected from this project
may be drawn from the following assurptions  regarding the relation
between New York University and organized agencies:
a) In improving the performance of the CIC system,
New York University is to explcit the capacities of the human
being by so designing equipment and procedures that operetion is
adapted to man's abilities. Recommendations for improvement of
the system will be made in this order of preferences
1). Stetement of preferable operating procedures
1i) Adaptation and modifization of present gear,
or gear being developed currently, with respect
to kind and positioning of controls, design of

displays and dials, size and shape of component,
and lighting facilities.,

o A=
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111) Suggested development of displays and operator
alds to facilitate performance.

iv) The addition or deletion of machine and/or
operator links. The addition of a machine 1link

will be suggested only 1f it is to be a simple
electro-mechanical device.

v) Suggested development of new electronic equipment

only when other methods will not suffice.

b) In comparing alternative evaluations of equipment,
doctrine or layout, the present equipment, existing doctrine and
the present layout must be cne of the arrangements that 1s tested.

¢) It is in the best interest of the Navy that New York
University not 1limit its concept of operating procedures and
doctrine to present-day operational thinking in proposing al-
ternative methods of operation. NYU rmust temper its suggestions,
however, by thorough discussion of its 1deas with operating
personnel,

d) While there are rmany ‘ays of deriving recommendations
to improve the system, the MYU project 1s lirited to those sug-
gestions which it can support by fact.

e) In general NYU conceives its role as a consultant as
one in which it is obliged to describe in explicit terms the load-
carrying capacity of the airborne CIC under various conditions. For
example, New York University will be able to describe the 1load-
carrying capacity of the system when different numbers of consoles
are used. The Navy can then determine on the basis of tactical
need how rany consoles to provide in an airborne CIC. The neces-
sary facts are thus avallable to determine requirement, com-

promising the ideal with the practical.

- 8 .
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f) The NYU Human Engineering Project is obliged to
draw on basic data which are contained in the professional
literature of the various disciplines which it represents and
in classified research reports of other government agencies.
Coordination with the Special Devices Center Human FEngineering
Division and its contractors may result in reallocation of
research tasks which are more appropriate to the respective
contractor's facilities. Fundamental research will be performed
only when esscntial to the progress of the project and when
information is not otherwise available.

g) In order that the value of experimental results
obtained on this project may be fully realized, NYU should
consult with cognizant agencies during planning, design and
construction phases of the development program.

2.3 Human Enginee Project Research Facilitie

This section will describe the equipment now contained in
the NYU Human Engineering Project laboratory. How completely
the airborne CIC has been duplicated, the extent of the inputs
to the system simulated, and the facilities for observing systems
performance will be illustrated.
2.3.1 The Airborpe CIC Itself: Figure 1 pictures the laboratory
airborne CIC. The following corponents of the airborne CIC
have been installed:

a; One set of the APA-56 (XN-1) equipment which consists
of five PPI repeater consoles with associated equipment -- video
insertion, recording camera, electronic grid map insertion, and

ground stabilization.*

*Ground stabllization 1s presently being accomplished by a simu-
lator, the APA-57 equipment having been removed for another
Bulder project. 9



Fipure 1 - The CIC portion of the Lockheed P0-2W simulated in
the NYU Human Engineering Project laboratory at the Special
Devices Center.
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b) A simulated APA-56 height finder console made by
General Precision Laboratories including the priority and data
transmission systems.

¢) A Lockheed intercommunications system which includes
both that for the CIC and flight crew -- only part of the flight
crew facilities are being used.

d) Simulation of the command, liaison, VHF radio trans-
celvers. Four VHF channels are provided.

e) The two PO-2W edge-lighted status boards have been
duplicated and mounted. In addition, a visual alds projector
developed by the Special Devices Center for other purposes is
belng used as one experimental display.

f) This equipment has been contained in a hull section
on which blowers have been put in an effort to duplicate the
air conditioning system of the plane. The 1lighting in the PO-2W
has teen duplicated, additional facilities have been provided,
however, so that this factor can be varied for experimental
purposes. An audio sound generator has been installed to add
the realism of engine noise.

2.3.2 The "Radar" Input: In order that there would be a readily
controlled "radar" input to the repeater scopes, the Special
Devices Center contracted with the General Precision Laboratory
for the construction of a target simulator. This simulator pro-
vides the relative movement of 24 air, 5 surface, and one
stationary target witn respect to the plane. (The ground
stabilization equipment aboard the plane must then translate
this relative movement into a ground-stabilized picture.)

Fach of the targets can be initially positioned at any point

- 11 -
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on a 480 mile square grid, can be keyed to respond or not respond
to IFF, can take any altitude from 0 to 57,000 feet, and can be
varied as to brightness. The moving targets, and the P0-2V
itself, can be given any course; air targets, and the PO-2W,

can be ranged in speed from 100 to 600 knots, the surface

targets from O to 40 knots. From 20 to 120 knots of wind can

be applied to the air targets as a whole. Sea return is also
simulated and the radar picture can be "smeared" by the turns

of the PO-2W. Fipgure 2 shows the simulator area manned by the
experimenters.

2.3.3 The Officer in Tactical Command (OTC): The Officer in

Tactical Command is the person to whom the output of the airborne

CIC 1s directed. A station has been established in the laboratory
to represent this element. It has the radio communication
facilities that would be proviced between the airborne CIC and
the OTC. In addition, it has a plotting surface for displaying
the information that comes tc the OTC.

Actually this is an anomzlous position because it is
manned by experimenters both for 0TC and experimental control
purposes. For example, the plotting surface i1s a VG scope on
which the radar input is presented. The OTC would not have
such a picture under operating conditions, but that picture is
useful in the laboratory for purposes of contrclling the ex-
periment being run.

2.3.4 The Experimenters'! Toolg:¢ The following facilities for

observing the systems®' performance have been or soon will be

installed:



%

T

Figure 2 - The experimenters' portion of the NYU Human
Engineering Project laboratory showing both the simulator
and some of the experimenters' tools.
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a) Six tape recorders with which any verbal communication
of the crew can be recorded. Other signals can be imposed on
this verbal record for measurement purposes.

b) A motor-driven motion picture camera and special
projector for micromotion analysis of the crew's use of equip-
ment.,

c) A VG and a VJ radar scope for experimenters' use in
observing and controlling the radar input,

d) The recording camera, which is a part of the APA-56
equipment, used by the experimenters in some cases to record
the radar picture.

e) Special communications facilities so that experimenters
stationed in and out of the CIC can coordinate their efforts.

2.4 Personnel Assigned to the Project

To complete the system, the Navy has assigned a crew to the
project. The minimum crew necessary for an operational airborne
CIC would be as follows: a CIC Offlcer, an Assistant CIC Officer,
four Alr Control Officers, a Navigator, a DRT Operator, an Altitude
Determining Radar Operator, a Search Radar Operator, a Radio
Operator, an Electronics Counter-Measures Operator, an Electronics
Technician, and a Talker. This makes a total of fourteen, not
including the Pilot, Co-pilot, and Flight Engineer. It should be
ermphasized that this number does not allow for the necessary
relief of personnel during lonrs operational flights under heavy
load. Six experienced CIC officers serve the project as con-
sultants and as crew members; they fill the first four of the
tabulated positions. Three enlisted men at present represent
the remainder of the crew. Additional enlisted me.. have been

requested.
- 14 =
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New York University has assigned full-time industrial and
electronic engineers, experimental psychologists, technical and
clerical personnel to the project, and utilizes a number of

part-time specialists when necessary, meking a total of approxi-

mately 25 contractor personnel.
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2.0 THE MEANING OF HUMAN FNGINEERING

After consideration of the airborne CIC and what 1t 1is
suppcsed t» ¢co, as well as the contract terms and project
facilities, the ouestion logically arises: What is human
engineering, and how can research in that direction improve the
performance 6f the airborne CIC?

Since the beginning of time man has been devising tools
to aid him in obtaining food, shelter, and security. Through
the years he has harnessed the energy to power those tools and
now only contrnls them. Where the man of the Stone Age relied
on his own strength to shape wood to his needs, modern man only
guides the electric saw.

As tools are built that perform more intricate functions,
the job of controlling them gets tougher. Guiding an electric
saw through a piece of wood, driving a Model T down a country road,
and flving a jet fighter plane are control functions of inereasing
difficulty. Nine times out of ten the riece of wood can be cut
properly; perhaps in only one out of ten "passes" can a jet plane
shoot dovn an enemy. More often than not, the faillure can be
attributed to "irmproper controlliing." Thus, as mechanisms are
built to do more comnlicated tasks, inadequate rontrolling limits

the effectiveness of those mechanisms.*

*One way, of course, to do away with humen error is to do away with
the man. This attitude 1s expressed in todav's rmove tovards "push-
button warfare." It is true that electro-mechenical and electronic
devices have been built which perform marvels in controlling, often
outdoinr the human on comparable tasks. These devices can only
perform the function for which they were desipned, wvhile man, on
the other hand, spontaneously performs control funrtions that have
not been anticipated. Precent dav planners must not lose sight
of the most capable, compact, reliatle electro-mechanical gadget
of all--man himself, vhose full capacities have not vet bheen de-
termined. Put it is necessary to give man, the controller, a break--
meke 1t easier for him to control by adapting the machine to human
capacities. ¢
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3.1 The Nature of Human Control

What is involved in the human control of machines? In genersal,
good control is making the appropriate resporse to a cue, or
stimulus, at the proper time while poor control 1s either making
no response at all, making an erroneous response, or being too slow
or too fast with the right respons=.

Good control requires optimal cue-response associations. These
associations will depend upon three things which the psychologist
would describe as follows: physiological limitations in man's
sensory and motor capacities; motivation, which inecludes the
development, or reinforcement, of optimal associations; and the
basic processes of discrimination and generalization of stimuli and
differentiation and induction of responses. These terms can best
be explained by illustration.

3.1.1 Physiological limitationg: Limitations in human sensory

capacity must be considered in providing cues. Man cannot hear
frequencies above 20,000 cycles per second, for instance, nor can
he see objects unless there 1s som2 illumination. Also there are
limits to the degree to which man can tell the differences between
stimull,

Man's responses are restricted both by hls anatomical
measurements and by the strength of his various muscles. The fingers
can exert less force than the shoulders, for instance, and there are
1imits for both, not only as to the amount of force which can be
exerted but as Lo how long this force can be applied.

3.1.2 Motivation: Such terms as ambition, ~orale, anxiety, con-

scientiousness describe motivating elements of human behavior. Even
though the amount of motivation may be difficult to measure, the
= 17 e
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degree of motivation i1s believed to affect the speed, frequency,
and precision of responses. When a particular cue-response as-
sociation satisfies the dominant motivation, one can say the
association has been reinforced. The same response will be more
likely to follow this cue when the latter occurs again.

For example, a soldier may make a varlety of aiming
responses before he hits the target. In surseauent atternts, the
suncessful aiming response will occur more frequently. The ac-
quisition, improvement, and maintenance of this response will
depend in part on the soldier's motivation--how earfer he is to hit
the target. Thev will also depend on such reinforcement factors
as how often the response is successful and how quickly he finds
out the results. Not only will motivation and reinforcement have
a big hand in determining how aquickly thils man will learn good
control of a mechanism, but they will also have a lot to do with
vhether such control continues.

2.1.2 Discrimin.tion of Stimull and DPifferentiation of Responses:

When a resp-nse 1s learned for a cue, there will be a tendency--
perhaps innate, perhaps learned--for the same response to occur for
"similar" cues. Suppose an operator has learned to throw a switch
to the left when a light above it shows red. He will tre inclined
to throw a second switch to the left if a similar light should show
red. This generslization can lead to unfortunate errors. 1If
the first switch should be turned to the left but the second switch
to the right, the tendency to make the same left response might
cause an accident,

When a man sets a control knob, there will always te some
variation in the wav he does it as he tries to find a response that
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is successful--a phenomenon sometimes called response induction.

On the other hand, the process of making responses more stereotyped
and precise once he has made a successful response may be termed
response dif “erentiation. It is the prinecipal component of
muscular skill, together with stimulus discrimination. Like the
latter, differentiation comes about through differential reinforce-
ment, which in turn depends on motivation.

Such are the things which determine the nature of human
control over mechanisms. This discussion, though simplified, does
demonstrate that the research scientist can deal with man-machine
relarionships in much the same framework that psychologists use in
describing the rest of human behavior. The human teing performs
as usual. The marhine supplies the cues and transmits the responses.
Its successful operation provides the reinforcement responsible for

the cucr-response assoclations hich comprise good control,

3.2 Human Engineering Research

There are two distinct aspects to human engineering research:
the studv of components ancé the study of svstems. A component
can be defined as a man-machine element; the term system, as used in
this report, refers to a particular group of men and machines. The
group in question is a teamj effective team performance depends,
of course, not only upon performance of the corponents of that team,
but also upon maintaining the oroper coordinstion between elements
and integrating their individual efforts. Human engineering research
until this time has been devoted primarily to component research;
the NYU Human Engineering Project is one of the first experimental
research projects that has been explicitly directed to the study

of a system,
- 19 -



R

The effe~tive performance of ei*her a component or a system
depends on equinment that is desipgned to per~it the developrent
of optimal cue-response associations. It also “epends on the
selection of operators who can operate that equiprment, and on train-
ing them properly. Training involves the estahlishment of motivation
to learn and the reinforcement of optimal associations through reward
and/or punishment. Thether an operator continues to perform ef-
fertively depends, of course, on maintaining both motivation and
reinforcement; this is a funection of leadership.

The emphasis in human engineering research is upon the nrroper
design ancd use of equipment. The selection of operators 1s a
problem for another branch of apnlied nsvchology, as is the es-
tablishment and operation of training programs. Maintaining operator
effertiveness 1s the job of the leader in the operational situestion.

3.2.1 Study of Components: Component study concerns itself with

the exploration of rman's phyvsiolopicel 1limitations in sensing and
respordinpg. It also deals with man's caparity to discriminate
stimuli and to differentiate responses. The tvre of r~ontrol problem
illustrated in Section 3.1.2 bv the exarple of the switches with
similar liphts is corron in comronent studv and is re olved
generally by modifring the equirment or the operating rrocedure.
Training in dicerimination provides ¢no*her answer to the same
problem. Redesipgn is preferatle, however, because discrimination
training leads to less rellatle recsults. For rxa~ple sudden
increacses in motivation sucrh as occur in naniec may lead to resnorses
which, through diserimination trairning, had become csuhliminal

under ~oncitions of norral stress. Thus, In a sudfen emerpgency,

even the hifghly-trainecd operator might turn the switch the wrong

wave.
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There are many practical considerarions, however, in
redesigning eaquipment to permit the develomment of optimal cue-
response assoclations. The optimal design ~annot always be adopted
either because of engineering difficulties or because some standard
but inferior design has already been widelv adopted. The kevs on
a tvpewriter can be arranped in a more efficient way, for example;
The Dvorak kevroard is better than the standard kevboard. But
millions of typists would have to be retrained to the new keyboard,
and millions of typewriters would have to be modified.

The practi~al result of human engineering study of components--
improvement of equipment or procedure--can be done only through
proper regard for human engineering principles, technical design
and training problems, and economic factors. The human engineer
can fulfill his function in comporent study by considering these
factors and participating in the discussions that lead to an ap-
propriate compromise.

3.2.2 Study of systems: The study of a system involves those cor-

siderations of component research plus additional factors pertaining
to group activity. How the equipment is arranged, vhat operating
procedures are used, what communicastions facilities are available,
and what displays are provided on whirh to assemble and integrate
informition are all critical auestions with which system study
deals.

System study, from the human engineering standpoint, does
not concern itself with ocuestions of formal training anyv more than
does corponent stucdy. However, consicderation of motivation and
reinforcement factors muy become more critical in systems research
tecause of the dvnamic interactions involved in group behavior.
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For evample, the performance of operators gathering information
may he seriously affected by the pgroup procedures used. One
procecure, by facilitating transmission and display of information,
has consequent reinforeing efferts on the operators. Another
procedure may discourage them by hampering such transmission and
displey.

For the experimenters, an appreciation of the elements that
affeect human perforrance leads to a better understanding of the
way a system operates. Interpretation of results may be more
adecuate, anc¢ 1t may be possihle to develop tetter operating
procedures.

System studv and corponent study shoulé proceed concurrently.
The design of a mechanism depends on the function recuired of the
component by the system; on the other hand, a system design depends
on the full realization of the capacities of 1ts components,

The studv of a system poses real difficulties in scientific
methodology; these will he discussed in the next section of this
report.

2,3 The Professions Contributing to Huran Engineering Research

Frank and Lillian Gilbreth were among the first human engineers;

through motion analyvsis they studied the operator's task to make

it simpler for him. Since then industrial engineers and methods
engineers have improved industrial efficlency with job simplificetions,
During World War II, the experimental psyrholopist began to make
significant contrihbutions on the came practical value. Phvetologicsts,
phvsicians, psvchiatrists, engineers from different areas of
specialization, and men from allied fields have all been active

in this area. The keynote in human engineering vork seems to be

inter-discinlinary cooperation.
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It is hard to distinguish between activities of the various
professional groups in terrs of sutject matter. FEach of these
disciplines is concerned with man and his environment; each g roup
does, however, bring special techniques to bear on the problem,

The industrial engineer's tools are time and motion study
and micromotion analysis. He 1s also familiar with the technical
diffculties faclng Cesign engineers in other areas of specialization.
In addition, he understands manufacturing techniques and production
problems. The industrial engineer's special skills equip him to
obtain particular kinds of information about operator behavior.

He is in a favorable position to help compromise conflicts between
the desired and ohtainable design.

The experimental psychologlist has an appreciation of the
intricacies of the human mechanism, its physiological limftations,
and the factors which influence human behavior. He has a thorough
background in scientific methods, the desipgn of experiments, the
analysis of data, and the interpretation of results. Moreover,
the psvechologist has learned to accept human hrehavior for what it
is, rather than worry abcut what it should be. By exploring the
wavs that humans tehave in controlling machines and working with
eacrh other as a team, the psychologist discovers the facts which
permit him to modify conditions so that the desired result is

obtained.
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4,0 FROBLT'S IN RIESEARCH I'TTHCDOLOGY

Before turning to a discussion of the particular system under
stucdyv, the airborne CIC, consideration should te given to one
additioral matter: rrsearch methods for studving systems in
general., While each of the issues to be discussed has obviously
been met in previous research, there does not seem to be a source
which treats the overall m-thodology problem as 1t pertains to
study of a svstem. This section is intended to fill that lack.

The fundamental paradigr which strurtures system research is
the familiar-stimulus, orpenism, and response. The stimulus is
cormrlex, The organism, or system, is mede up of a number of
sub-systems, each of which may be composed of a man and a rachine.
The response, or system output, 1s also complex; it can be measured
in several ways. "vhich of therse measurements can serve as criteria
of system effectiveness is another question.

The~e are a number of criteria of effertive research: that
it deal vith pertinent problemsy; the 1t be objective; and that
the results be such that it is possitle to predict what might
heppen under other eonditions which are similar. By pertinent is
meart thit the ecrucial questions in any research area are found
and arswered. An objective result is one that has not been blased
by the nerson making the observation. Altrough this criterion will
not be fully met in any observation, an objective answer can be
defined as one that can also be found by another experimenter
vorking with different subjects in a different nlace and at another
time. A result should also have general nredictive value; it should
not be so particular either to latoratorv conditions or to specifie

Y IR



~10 .

woafVV

operating conditions that is not generallv useful,

Such criteria ere fairlv easy to stute but can be only
partially realized at best, ard only tren by the most nainstaking,
and well-considered work on the part of the scientist.

These criteria may be useful in distinguishing between applied
research, which is the tvpe called for in this contrac*t, and nure
research. In applied research, the apency that buvs the scientist's
services participates in the determination of "pertinency." It
would be a mistake, however, if the contracting apency alone
contributed to this decision. 1In that case, the sclentist might
be called on to acminister to the symptom rather than the disease,
The full utilization of the scientist's capacity depends on making
use of hils perspective. Discovering pertinent questions for ex-
perimentation in systems research demands mutual understanding
and respect on the part of the scientist and the operating man,
each for the other,

There is usuallv an urgency about applied research to which
the scientist must be sensitive. This often dictates that he try
to answer immediate rather than long-term auestions. The scientist
and the operating man can resolve this controversy satisfactorily
only in terms of particular situations, not in terms of a principle.

Orjectivity must sometimes be compromised as well. The
experienced applied srientist is willing to make "educated guesses"
where his observations provide him with corpelling evidence. This
is true in proportion to the numter of the scientist's colleagues
who will apree with him. It must be remerbered that without experi-

mental results the scientist his a batting average at predicting
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human beheavior only a few points higher, at best, than anyone
else, A precdictior is not scientifir because a man whose
profession 1s sclence says so, but hecsuse it is based on fact,

It 1s always desirable in aprlied work to have results that
are useful in prediecting performance under genersl rather than
sperific conditions. Whenever a question can be framed in such
a wav that the answer will apply not only to an airborne CIC but
also to a shiproard CIC ané to radar operation at large, much has
been pained. If the result has predirtive value for another system,
yet unborn, it will be that much better. The applied scientist
cannot always dezl with fundamental questions whose answers have
predictive value for many different situsations; in order to get
quick answers he sometimes has to tackle very specific questions,
He would prefer, however, to deal wvith as fundamental question as
1s consistent with the client's need.

The human enrinecring study of s-stems of men anéd machines
1s¢ largely an uncharted field. It can be understood, therefore,
that a human engineer 1s interested rot only 1in answers to particular
questions but also in discovering useful techniques. This is hardly
an impractical research product, esprcially for a contracting
agency that will undoubtedly recuire similar research on other
systems.,

Fesecrch in a new area usually proceeds in seversl stages.
At first the experirenter simrly ohbserves the rhenomenon he 1is
to studv, in this case the rerformance of the airborne CIC. He
knows in general vhat the airtorne CIC 1s supnosed to do, but he

doesn't know how different operating procedures will affect system
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performence. Nor coes he know how different asnects of the input
will affect output. But as he observes, he begins to have ideas
of his own about what 1s haprening. At a subsequent stage of
investigation, the scientist begins preliminary ~rperimentation
by systeratlcally chenging what he considers to be input to see
vhat happens. Are there any chanpes in output? Is there a linear
decrerent, 1f any, in a certain output, or is that decrerent
exponential? What is the general functional relation between
aspecrts of the output and those of the input?

In the same way, he maenipulates a system variable to find the
relation between that variatle and output. In later stages of
research, when the rrucial variatles have tern identified and the
functional relations among them have been determined, the experi-
menter may trr to ret a precise estimate of the parameters of
those functions.

It might be po‘nted out that few areas of human knowledge
ure considered so unexrlored that investigetions are proceeding at
the preliminarv observation level. Research In most areas involves
the study of the rerletions btetween the important variables which
have been icdentified. Human engineerinfg study of svstems is
cevoted for the rost nart to the earlier phases of research:
the icentification of important variables--the structuring of the
domain--and the Adiscovrry of the funetional relation between those
variatles and output.

As preliminaryr otservation of a svster's operation is made,
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