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CHAPTER I 

INTRODUCTION 

At the time of wrltmg of this report the Federal Awatmn Agency has 

completed Its first year of operation. It has been a year of vigorous growth 

and accomplishment. Like Its predecessor, the Alrways Modermzatlon Board, 

the Bureau of Research and Development of FAA has conceived of air traffic 

control as a complex man-machme system and has assembled a select team 

of speclallsts from many fields to cope with the tremendous task of deslgnmg 

a system capable of meetmg the natlon’s rapldly expandmg avlatlon require- 

ments The recogmtlon by the Federal Avmtmn Agency of the nnportance 

of the human bemg m such a system has prowded both a challenge and an 

opportunity to the human factors speclallst workmg as a member of the re- 

search and development team 

The work of the human factors speclallst 1s often carried out at a level 

of abstractlon that deprives the mdlwdual of the very real satlsfactlon of 

seemg the tangible evidence of his contrlbutlons But m this Instance, as the 

programs of the Federal Avlatmn Agency near completion of the hardware 

development stage, abstract concepts have become real objects which can be 

seen and felt, used and abused. These prototype components evoke mlxed 

feelings--a feelmg of astomshment at seemg electronx replicas of what were 

only Ideas a few months previous, and along with It a feelmg of frustration 

This feelmg of frustration comes partly from the experience of seemg “obwous” 

solutions to problems whxh appeared msoluble durmg early design studies 

and partly from the reallzatlon that development 1s still a large part “art” and 

only a small part “science ” 
- l- 



Particularly m the comparatively new and rapldly expandmg field of 

human factors 1s this true The body of science and even the technology of 

studymg man as a component In complex systems IS still m Its Infancy Even 

the most ardent advocate of glvmg attentmn to human factors In systems de- 

sign IS forced to acknowledge the gaps m our knowledge of man’s capabllltles, 

and to recogmze the vast need for basic studles of human behawor wlthm the 

context of large systems There are few opportumtles for studymg man s 

performance m such large-scale systems The Federal Awatlon Agency has 

provided an unparalleled opportumty to add to the basx fund of knowledge on 

human behawor wlthm the framework of a complex system. This addltlon to 

basic knowledge 1s an Important byproduct of the FAA’s team approach to 

system design 

The qualms generated by the first look at prototype hardware are some- 

what like those which beset the new father vlewmg his squawlmg offsprIng 

for the first time (Although perhaps our own role 1s more nearly analagous 

to that of the distant cousm who mtroduced the couple. 1 In spite of these 

qualm 6, there IS a feelmg of pride and accomplishment on v1ewm.g the first 

tangible representation of the development team’s efforts 

Although It 1s evident that the Job of developmg a fmxhed, smoothly- 

operating system of semi-automatic air traffic control has only begun, there 

IS ample evidence that a close and contmumg workmg relatlonshlp among 

many dlsclplmes, mcludmg human factors, can brmg to frultlon the promise 

of maxmum safety m the air 
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An earlier report “Human Factors m Air Traffic Control Systems 

Design,” Courtney and Company Report #24, dated 1 December 1958, 

outlmed the human factors research m air traffic control carned out 

durmg a revolutionary period 1x1 Amencan avlatlon. Thm report IS a 

sequel to that earlier publlcatlon and outlmes the contmued assistance 

given to the Federal AnatIon Agency durmg the last twelve months. Although 

It IS prnnanly a summary of work performed on Contract FAA/BRD-27, the 

report reflects some of the mteractlon wlt:i other air traffic control re- 

search proJects III which Courtney and Company has been engaged. The 

maJo’ on-gomg air traffic control research proJects and then genealogy 

are shown III Figure 1 Planned proJect mteractlon has been an Important 

characterlstlc of the year’s effort, makmg possible a maxmnnn contrlbu- 

tlon by the human factors members of the research and development team. 

This report 1s a summary m every sense of the word Smce a major 

portlon of the work has been described m detail mother techmcal reports, thm 

report v,~ll only brlefly summarme the tasks performed durmg the contract 

penod The Interested reader who desires more complete technxal data 

should refer to the techmcal memoranda and reports llsted 1x1 the Appendix. 
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HUMAN FACTORS IN AIR TRAFFIC CONTROL SYSTEMS DESIGN 

PHASE I 
1 Api- 1957 

Assistance to the 
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and the 
CAA Techmcal Development Center 

Contract Nom-2346(00) 

. ..* 
. ..* 

.-* 1 March 1958 

Continued Human Factors 

Assistance to the Assistance to the 
Clvll Aeronautics Admmlstratmn An-ways ModernnatIon Board 

Contract C 13ca- 646 
. . . . . . . . - . . . . . . . 

............. Contra-r-2346(00) 

PHASE III 
11 August 1958 

Assistance to the Federal Avlatmn Agency 

:............................*............. . . . . . . . . . . . . . . . . . ..*........................... 

I 
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Human’Factors 
III the Design 

of 
Amport Traffic 

Control Quarters 
Contract FAAJBRD-89 

Systems Analysis Assistance 
in An Traffic Control 

Systems Design 
Contract FAAJBRD-27 
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Human Factors 
Actlvlty Analys 1s 

of 
Au Traffic Control 

Facllltles 
Contract F:AA/BRD-40 

: 
Completed 

30 September 1959 
Completed 

30 November 1959 

Work Covered by Thm Report 

Figure 1 Genealogy of Human Factors m An- Traffic Control Program 
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CHAPTER TWO 

PHASE III 

SYSTEMS ANALYSIS ASSISTANCE 
IN AIR TRAFFIC CONTROL 

SYSTEMS DESIGN 

11 AUGUST 1958 - 30 NOVEMBER 1959 

TASK I -- ASSISTANCE IN THE DEVELOPMENT AND EVALUATION 
OF AIR TRAFFIC CONTROL SYSTEMS 

Item 1 Program Plannmg 

A considerable portlon of the over-all effort has been devoted to pro- 

wdmg consultmg sermces to the staff of the Federal AnatIon Agency m the 

area of human factors m systems design In general, the asslstance rendered 

has not followed the usual concept of “expert” consultation, rather It has 

meant a close workmg relatlonshlp with members of the System Plannmg 

Branch of the Systems Analysis Dlwslon The Intent of this work has been 

to add professional human factorsmputs to the professional alr traffic control 

and engmeermg skills of the FAA staff. 

The assistance given has ranged over a wide field of operatIona prob- 

lems. Some of the most slgmfxant work has been m the development and 

evaluation of fast-tnne snnulatlon plans for testmg ATC system design 

concepts One of the byproducts of this work was the recommendation that 

computer generated flight plan samples be employed m dynamic snnulatlon 

and m testmg prototype ATC data processmg equipment. Besldes developmg 

the basic concept of computer-generated flight plan Inputs, an optm-mm for- 

mat for data prmt-out was speclfled 

-5- 



In another area of program plannmg, Courtney and Company per- 

sonnel partlclpated in the preparation of operatIona requirements for 

various data acqulsltlon, processmg, and display systems. One such 

prolect was the preparation of a memorandum report on the operatIona 

requirements for mternn automatx ground-air-ground commumcatlons 

In air traffic control. This Jomtly prepared report* was based on an 

extensive literature search and an analysis of the basx factors mfluenc- 

mg the exchange of control mformatmn m readily usable form 

Some of the other plannmg proJects on which Courtney and Company 

personnel were used to supplement FAA staff efforts are 

(1) The outllmng of a program of mathematical analysis and fast- 

time slmulatlon to determme the effects of air vehxle stand- 

ardlzatlon on ATC system operation 

(2) The preparation of an experlmental design for determmmg the 

valldlty of certam fast-tnne smnulatlon programs with emphasis 

on the accuracy of the slmulatmn of controller deczslon-makmg 

behavior. 

(3) The speclfxatlon of research requirements for ATC faclllty 

llghtmg. 

(4) The preparation of operational requirements for ATC weather 

displays. 

(5) The analysis of mtelllglblllty problems associated with commumca- 

tlons techmques (Reported m Courtney and Company Memorandum 

Report #24) 

*Memorandum from Ralph F Lmk, Chief, Operations Dlvlslons, to MaJor 
Lawrence C. Wright, Dlrector for Development,dated October 27, 1958 
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Item 2 InformatIon Requirements for Air Traffic Control Displays 

A maJo= part of the work performed on Task I was devoted to a basic 

study of mformatlon requirements for termmal air traffx control displays. 

The mmal approach to this problem was a descrlptlve analysis of mformatlon 

transmlsslon lmks between the alrcraft pllot and control posItIons at a typlcal 

high-density, controlled alrport. Flow diagrams were developed for Inbound 

and outbound traffic under both IFR and VFR condltlons. 

However, It was suggested by the staff of the Systems Analysis Dlvlslon 

that It rmght be possible to ldentlfy the essential elements of alrcraft separa- 

tlon and sequencmg through a study of the least complex termmal area 

operation, and to then apply these prmclples to the more complex, controlled 

termmal area sltuatlon. Consequently, a study was undertaken of the kmds 

and quaIltIes of mformatlon used by the pllot In termmal area sltuatlons m 

which he must promde his own separation and sequencmg. The results of 

this study have been reported m Courtneyand Company Report #31, entltled 

“Capabllltles and Lmxtatlons of the Pllot Operatmg m a Termmal Area Wlthout 

Tower Control ” The mayor conclusmns of this study are as follows 

Conclusion #l. In the pllot-to-pllot control sltuatlon, the pllot must 

perceive and Integrate a complex set of sensory cues These sensory 

Inputs must in turn be correlated with an appropriate set of expectaxles 

derived from experience, regulations, and publxatlons. Only m the 

presence of such expectancies do sensory cues become control mfor- 

matlon 
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Conclusmn #Z. To some extent expectaxles are a functmn of Internal 

factors, such as the umforrmty of performance charactenstlcs of 

ancraft operatmg m the system, but to a larger degree they are a 

function of the rlgldlty unposed by regulations. Both undegraded 

sensory mputs and the expectaxles which make possible the predlctlon 

of future behavior of other alrcraft are essential to successful operation 

m an uncontrolled termmal environment 

Conclusion #3. Where the przmary sensory cues are obliterated or 

seriously degraded, the pllot has Inadequate mformatlon on which 

to base his exercise of control fun&Ion. It should be noted, however, 

that the same condltlons of weather which restnct the pllot’s visual 

capacity to obtam control mformatlon slmllarly restrict the air traffx 

controllerls visual capacity. In the controlled sltuatlon, however, 

artlflclal sensors such as radar and radio restore at least the mmlmum 

mformatlon requred to effect control Direct access to this mforma- 

tlon 1s restored only to the controller and 1s only mdlrectly transferred 

to the pllot m the form of clearance mstructlons or traffic advlsorles 

Conclusion #4. The analysw of the threshold tasks of the pllot, and 

of the nature of the pllot’s declslon-makmg actlvltles, clearly mdlcate 

that mere vlslblllty IS not sufflclent to permit pllot-to-pllot control of 

air traffic. Even under VFR condltlons the capablllty of the pllot to 

act on the sensory Inputs avallable 1 s severely Impawed when a measure 

of ground control IS Introduced. The flexlblllty added by the air traffic 
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controller negates the ablllty of the pllot to antxlpate the behavior of 

proximate alrcraft. The controller may modtiy traffx patterns of 

particular alrcraft to permit such vanatlons as straight-m approaches, 

right-hand turns, and 360 degree turns Thus, although the visual 

sensory mputs avallable to the other pllots may be ldentlcal to those 

m the uncontrolled VFR termmal sltuatlon, the expectancies which 

provide the framework for the pllot’s declslons ~111 no longer be 

appropriate. As noted earller, cues become mformatlon only when 

perceived and Integrated m a consistent and meanmgful context It IS 

paradoxcal that the Inherent rlgldlty of the termmal operation wlthout 

tower control 1s most closely approximated m the completely IFR 

operation of the termmal with tower control. 

Conclusion #5. There IS, m fact, no such thmg as an uncontrolled 

termmal area Regulations governmg the operation of alrcraft m 

the vlcmlty of alrports wlthout towers consltute a very rlgld form of 

control 

Conclusion #6 The difference between the wide separation standards 

establlshed by regulations and those dependent upon pllots’ SubJectlve 

estnnates of what consltutes safe separation 1s the maJo= factor m the 

unusually high alrcraft movement rates accompllshed on occasion at 

alrports wlthout tower control 

In addltlon to the speclflc actlwtles m program plannmg and basic re- 

search whxh have been mentloned, the staff of Courtney and Company has 

r- 
-9- 



partxlpated m the dellberatlons of a number of special workmg commlttees 

and task groups establlshed by FAA to cope with special problems One such 

task group was the Termmal and TransItIon Task Group appomted to study 

the requirements for automatx track-while-scan radar displays for use m 

the semi-automatic air traffic control system. Another such group was 

establlshed to outlme speclflcatlons for the dynamic slmulatlon tests of 

prototype Data Processmg Central equipment. As mdlcated m the “Gulde 

to Speclflcatlons for DPC Exercises, ” publlshed by FAA m August 1959, 

Courtney and Company personnel worked closely with this group to outllne 

aspects of the man-machme relatIonshIp which required testmg m the DPC 

exercises 

As can be seen, the work performed under Task I has ranged over 

many facets of air traffic control system design The broad coverage of 

this work has given the human factors speclallsts on the design team a 

greater depth of understandmg of the Federal Avlatlon Agency’s over-all 

programs than would have been possible If the effort had been restrxted 

to the usual narrow concept of “dials and knobs” human engmeermg 

Consequently, each of the other tasks has benefIted from a more thorough 

understandmg of their place m the “big picture. ” Thus the accompllsh- 

ments of Task I are of Interest not only for their own sake, but for their 

Impact on the other work performed as well. 
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TASK II. ASSISTANCE IN THE DESIGN OF AIR TRAFFIC CONTROL 

DATA PROCESSING AND DISPLAY SYSTEMS 

Human Item #l. 

A. Data Processmg Central (DPC). Th e mayor equipment development 

efforts of the Federal AnatIon Agency have been centered II-I the Data Pro- 

cessmg Central System bemg built by the General Preclslon Laboratory. It 

1s only natural then that the bulk of the effort devoted to Task II has been 

associated with the human factors m the design of the Data Processmg 

Central. Actually, this task 1s a contmuatlon of earlier work outlmed m 

“Human Factors m Air Traffx Control Systems Design” (Part l), and reported 

m detail m Courtney and Company Memoranda # 1 through # 11, The magmtude 

of this continued effort 1s reflected m the addItIona twenty techmcal memo- 

randa on various aspects of the Data Processmg Central which have been 

Issued durmg the current contract period A repetltlon of the material con- 

tamed m these memoranda would not be m keepmg with the summary character 

of this report The reader who wishes a techmcal account of the human 

engmeermg recommendations made on the DPC should check the list of 

memorandum reports contamed m the Appendix. 

However, there are some general conslderatlons regardmg this work 

that should be brought out m this summary. In July 1959 the Federal Avlatlon 

Agency carrled out a rewew of the entlre Data Processmg Central program 

which led to major change m approach to the DPC Basxally this change 

represented a return to the orlgmal concept of the DPC as an expenmental 

assembly of equipment rather than a prototype operatlonal system. out of 
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this review came the SATCAN and SAP0 programs of the Bureau of Research and 

Development which are currently m effect 

This realignment has been reflected mthe human engmeermg assistance 

rendered Under the concept of the DPC as an experImenta system, It becomes 

possible to defer some human factors declslons until an adequate opportumty has 

been afforded to test some of the concepts m slmulatlon However, durmg the 

mtermedlate period m whxh the Data Processmg Central was bemg deslgned for 

almost lmmedlate operational applxatlon, much display and control design flexlblllty 

was lost so that changes m concept made now cannot be reflected m changes to 

equipment design An example of this 1s a maJo= revlszon m the assignment of 

functions to operators of the radar sector console so that the radar controller 

~111 track alrcraft and, even m the normal load condltlons, ~111 not operate either 

a keyboard or tabular bay equipment. Such revlslons obviously have some far 

reachmg lmpllcatlons for the design of the consoles The consoles were not de- 

slgned with this allocatlon of functions m mmd In fact, the consoles were de- 

slgned to optlmlze the man-machme relatlonshlps for a previous assignment of 

duties to the controllers It 1s somewhat axlomatlc that If one ConfIguratIon optlmlzes 

the man-machme relatlonshlp for one set of duty assignments, the same conflgu- 

ratlon ~111 downgrade the man-machme relatlonshlp with a different set of duty 

assignments 

There are also some aspects of the Data Processmg Central which mvolve 

human functions to which little attention has been given to date These mclude 

factors affectmg the mamtamablllty of the system and the requirements for 

operator trammg whxh must ultimately be developed for an operatIona system 
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Up to now no work has been done on exammmg the mamtenance controls, 

procedures and provlslons for detectlon and correctlon of equipment malfunctions. 

The present ratlo of operators to controllers m New York 1s probably about 

12 controllers to 1 mamtenance man. The present duties of the mamtenance 

personnel are solely with the radar and commumcatlons equipment smce 

virtually everythmg else 1s manual. With the mstallatlon of some future semi- 

automatic system, this ratlo might begm to approximate 3 or 4 to 1 Thus, 

the zmportance of human factors m mamtenance ~111 Increase enormously 

There 1s an excellent opportunity currently durmg the bulldmg of 

the equipment and Its de-buggmg to see how tests of It are made, the 

defective components Isolated, etc 

It 1s not certam what might be found, It seems likely, however, that 

recommendations about test pomts and procedures and layouts might result 

For example, there has been wlthm recent years some stress laid on 

changng the trouble-shootmg pattern from a loglcal step-by-step approach 

to one which maxlmlzes the amount of mformatlon obtamed on each test. 

For example, If we bad prmted cards placed m series, the most effxlent 

checkmg procedure would not be to start at the begmnmg and test each one. 

Although this 1s logxal, the most efflclent procedure would be to start m 

the middle and work to either side. If one side 1s dead then the next step 

1s to go to the middle half of the blank side, etc Anyway, smce mamtenance 

~111 become so crltxal It would appear that some emphasis should be gxven 

to It now 
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In this connectlon It might also be mentloned that the General Preclslon 

Labor at o ry approach has been to make more adJustments possible than 

would be avallable m productlon hardware. Their ralson d’etre 1s that so 

ltttle 1s known about the optimum characterlstlcs of the system that extra 

flexlblllty to mampulate them should be made available on this experlemental 

gear. The same IS also true m another way. Many adJustments can be made 

merely by changmg the value of a reslstor This mformatlon 1s gomg to be lost 

as the various prolect engmeers’ work on the DPC IS concluded. This mfor- 

matlon should be codlfled and assembled, probably by engmeers, although 

human factors personnel would be able to ask mclslve questlons about those 

factors whxh affect human performance. The way to adJuSt the control 

optxnally could then be spelled out. 

m. A first step m developmg a trammg program would be 2. 

to attempt to write a complete set of procedures for use with the DPC 

General rules are not permlsslble, especially durmg system evaluation, 

smce human errors could not be dlstmgulshed from human ldlosyncracles 

and techmques Many of these procedures can, of course, be developed 

durmg slmulatlon, but a slgnlflcant start could be made now. Certamly such 

a collection would have many uses other than trammg. It could also be used 

for evaluation of mdlvldual proflclency and workload, but also extremely 

useful for concretlzmg how the system operates This will certamly be 

necessary for any careful evaluation. Such a review and detallmg of procedures 

would pomt up many of the madequacles m the present system and also lead 

to concepts useful m wrltmg the speclflcatlons for Model No 2. 
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A second step would be to assess the umque requirements for the 

DPC For example, a tremendous system knowledge 1s required by 

controllers, smce with this mformatlon the computer can be made to play 

certam tricks and the controller’s Job slmpllfled In addltlon there are 

different types of skills required than m the present system. The posltlon 

of tracker, for example, as contrasted with the posltlon of radar controller 

requires quite different skills and knowledge As a result of this work 

useful selectlon tools could be speclfled,and also an Improved trammg 

program could be developed assummg Model No 2 does not deviate too 

much from Model No 1 

These are two of the dIrectIons which future human factors support 

of this and other data processmg and display programs should take 

B Automatic Ground/Air/Ground Commumcatlon System (AGACS) 

Althoughthe major effort under Task IIwas devotedto the Data Processmg 

Central System, several slgmfxant contrlbutlons were made to another 

of the Bureau of Research and Development’s equipment design proJects 

This proJect 1s the Automatx GroundlAIr/ Ground Commumcatlons System 

(AGACS) bemg constructed by the Radio Corporation of American for the 

Development DIrectorate The human factors asslstance provided on the 

AGACS proJect had four parts: 
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1 Layout of the AGACS Ground Console and Display. A completely 

revised version of the controller’s ground console and display was ret- 

ommended The rewsed design (Flgure 2) was based on present con- 

troller work hablts and a functional arrangement of the mformatlon to 

be dlsplayed. 

FECEIVE 
ALTITUDE 

Figure 2 Recommended Design for AGACS Controller’s Console 

2 Design of the ACACS Alrborne Display and Entry Umt The 

proposed design was analyzed from the standpomt of pllot actlvltles re- 

qulred to operate the alrborne equipment while transmlttmg or recelvmg 

data lmk messages. It was felt that the proposed design required an ex- 

cesslve amount of manlpulatlon and visual momtormg by the pllot Courtney 

and Company Memorandum #22 contains recommendations for an extensive 

redesign of the alrborne unit Figure 3 shows the orlglnal design and 

Figure 4 the recommended version Of mayor importance was the recom- 

mendatlon to regard the alpha-numeric read-outs as a flexible part of the 

message structure rather than regarding them as sunply FIX ldentlflers 
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This change m concept was made possible by a declslon to provide a complete 

alpha-numerx capablllty on each mdlcator A remarkable amount of mfor- 

matron can be encoded m four such displays, each havmg 36 posItIons By 

combmmg this vanable display with the 31 discrete messages, the fnst 

model of AGACS can be used far more effectively to assess the value of 

different message structures and the appllcablllty of data lmk to ATC functions 

other than posltlon reportmg For example, Figure 4 shows the display of a 

ground/an message 1x-1 whxh the discrete message has become, m effect, a 

prefx for the numeric mformatlon, ldentlfymg the numbers as the altnneter 

settmg These numbers might also be used as an altitude with a discrete 

message readmg “CLIMB TO ” This concept of the alpha-numeric mdxators 

as sm-~ply vanable parts of the message structure opens up many posslbilltles 

for discrete messages whxh would otherwlse be relegated to a voxe channel 

Requests for changes m speed, headmg, altitude, etc., become possible under 

this concept This greatly mcreases the latitude of the mformatlon which can 

be handled ma automatic air-ground commumcatmns 
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CQURTNEJEY AND CQMPANU 
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Figure 3. Orlgmal Design for AGACS AIrborne Display and Insertion Umt 
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Figure 4. Proposed Redesqn for AGACS An-borne Display and Insertmn Umt 
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3 Discrete Messages for Use with AGACS, Mod. I A compre- 

henslve survey of the message content of ax traffic control radm corn- 

mumcatmn was made m order to arrive at a selectmn of discrete mes- 

sages which would maxmuze the mformatmn transmlssmn capabllltles 

of AGACS Courtney and Company Memorandum #23 lmted the rec- 

ommended discrete messages for both the alrborne umt and the controller’s 

console and gave the ratmnale for the selected messages and the recom- 

mended sequence of presentation The discrete messages recommended 

in the memorandum were dlscussed and modlfled with the help of members 

of the Systems Plannmg staff to achieve a list of messages to be mcorpor- 

ated in the prototype equipment It was strongly recommended that the 

snnulatmn permd be used to evaluate the frequency of use and functmnal 

value of the varmus messages to determme both an optunum number of 

messages for future models of data link and to determme those messages 

with the greatest operatmnal value 

; Several 4 

possible keyboarddesIgns were evaluated from a human factors standpomt 

and a fmal design requmement establxhed m conJunctIon with RCA and 

FAA personnel The keyboard (Flgure 5) uses a umque zone codmg de- 

sign which keeps the number of keys at a mmunum but still supplies a 

complete alpha-numeric capablllty to the controller Smce this keyboard 

differs markedly from that used m the DPC, It was recommended that the 

designs be carefully evaluated durmg snnulatmn tests and that a standard- 

lzed entry dewce be developed 



RCA PHOTOGRAPH 

Figure 5. AGACS Keyboard Design 
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There 1s no doubt that commumcatmns 1s a major problem m am 

traffic control and,smce the human controller 1s at the center of this 

vast mformatmn network, his capabllltles and lmutatlons ~111 contmue 

to be an nnportant factor m the design of commumcatmn systems 

TASK III. ASSISTANCE IN THE SIMULATION 
OF AIR TRAFFIC CONTROL SYSTEMS 

Item 1. Human Enemeerme Assistance 

One of the advantages of dynamic smnulatmn m ali- traffic control 

research 1s that It mcludes the human controller as a functmnmg compon- 

ent of the system under test Snnulatmn thus becomes an operatmn of 

great Interest to the human factors speclallst The role playedby Courtney 

and Company m the snnulatmn programs of the Bureau of Research and 

Development has followed alLmost a classic approach m man-machme 

sys tern des Ign It began first with partlclpatmn m the design of sunu- 

latmn equpment to meet speclfled operatmnal requirements This par- 

tlclpatmn at the design stage was to msure that those parts of the system 

which were to be mampulated by human operators were deslgned to take 

maxmmmadvantage of human capabllltles and to mmnnme the effects of 

human lmmtatmns. The ma~orlty of this snnulator design effort was 

carried out under a prevmus contract, but the work was brought to com- 

pletmn durmg the present contract permd. The sunulator 1s now bemg 

mstalled at the Natmnal Avlatmn Facllltles Expernnental Center, Atlantic 

City, New Jersey, and, as can be seen m Figure 6, 1s rapldly nearmg 

completion 
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Item 2 - Development of a Selectmn and Trammg Program for 

Simulator Operators. But equpment design can only accomplish a part 

of the task of optunlzmg the man-machme relatmnshlps Once the ma- 

chme has been “fitted” to the man, through the appllcatmn of establlshed 

prmclples of human englneermg, man must be “fitted” to the machme. 

This “flttmg” 1s accomplished first by the selectmn of operators wth the 

necessary abllltles to perform the requmed tasks, and secondly by devel- 

opmg these latent abllltles Into speclflc skills through trammg. Basic 

to both these techmques 1s a thorough descrlptmn and analysis of the Job 

to be performed 

Such a comprehensme analysis of the sunulator operator’s task 

was prepared and reported m Courtney and Company Report #25, “The 

Snnulator P&t m a Dynamic AZ- Traffic Control Snnulator An Actmty 

Analysis. ” In this report the over-all snnulatmn system 1s described 

and illustrated, with special emphasis on the role of the operators as 

“pilots” of smmlated alrcraft A typlcal hypothetlcal simulated flight 

was synthesmed to Illustrate the manlpulatlve skills, communlcatmg 

abllltles and varymg workload requirements mvolved All operator 

actlvltles were llsted and recommended sequences for accomplishmg 

the varmus sub-tasks were provided. Other recommendations were 

made for (1) an operator selectmn system, (2) an operator trammg 

program, (3) problem script formats for operators and snnulatmn dl- 

rector, and (4) nnprovements m future ATC sxnulator designs 
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COURTNEY AND COMPAKY 

The actlwty analysis provided a reliable baals for the development 

of an operator selectmn system and for the structurmg of an effective tram- 

mg program The development and prelmxnary valldatlon of several pre- 

doctors of candIdatea’ potential success as smulator operators was only a 

part of the major study made of the selectlon system. A complete selectlon 

system was proposed, mcludmg recrultlng and Job performance evaluations 

In Courtney and Company Report #30, “Predlctlon of Operator Effectiveness 

m Dynamic Air Traffic Control Snnulatlon. ‘I 

In addltlon to these maJor efforts, Courtney and Company personnel 

worked with the staff of the Simulator Operatmns Branch during the form- 

ulatlon of an operator trammg program. The actlvlty analysis became an 

Important segment of the Sxnulator Operator’s Manual prepared by the 

Federal Avlatlon Agency. 

All of the work described In this summary report has been bulldIng 

toward the test and lmplementatlon of an ax traffic control system Into 

which the human component has been optu-nally fltted It has been said 

that research 1s never completed, It IS merely ended This statement 1s 

at least partly true of this program, for the research 1s only begmnlng, but 

It can end only when human beings cease to design, fly, and control alrcraft. 
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APPENDIX 

LIST OF COURTNEY AND COMPANY 
REPORTS AND MEMORANDA ON 

AIR TRAFFIC CONTROL 

Phase I 

Asslstance to the 

Air Navigation Development Board 
and the 

CAA Techmcal Development Center 
Contract Nonr-2346(00) 

Number 

Report #16 

Report #23 

Title Date 

Human Factors Recommendations for 1 October 1957 
Flight Progress Strips 

The Control of Specular Reflectlow 15 November 1958 
from Bright Tube Radar Displays 

Phase II 
Assistance to the 

Alrways Modermzatlon Board 

Contract Nonr-2346(00) 

Number 

Report #24 

Memorandum # 1 

Memorandum #2 

Memorandum #3 

Memorandum #4 

Memorandum # 5 

Title 

Human Factors m Air Traffic Control 

Systems Design 

Consultmg Actlvkes at General Pre- 
clslon Laboratory 

Enroute Radio Sector Console 

Flight Strip Holders 

Enroute Radar Supplement 

The Pneumatic Tube System 
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Date 

1 December 1958 

12 May 1958 

13 May 1958 

14 May 1958 

15 May 1958 

16 May 1958 



Phase II (Contmued) 
Contract Nonr-2346(00) 

Number 

Memorandum # 6 

Title 

Alpha-Numeric Character Matrix 
for Plctorlal Displays on Enroute 
Radm Sector Console 

Date 

21 May 1958 

Memorandum # 7 Speclflcatmn of Type Style for 
Flight Strip 

23 June 1958 

Memorandum #8 

Memorandum #9 

Memorandum # 10 

Memorandum # 11 

Data Entry Keyboard 

The Enroute Radio Console 

Recommended Dmnenslons for Con- 
soles Employing the Sit PosItIons 

Supervisor’s Flow Control Console 

16 July 1958 

20 June 1958 

1 July 1958 

19 June 1958 

__________________-_____________________--------- -______-_____-________ 

Contmued Human Factors 

Assistance to the 
Clv11 Aeronautxs Admmlstratlon 

Contract C13ca-646 

Number 

Report #2 1 

Title Date 

Selected Alpha-Numeric Characters 1 July 1958 
for Closed-Clrcult Telewslon Displays 

Memorandum # 1 Design of Alpha-Numeric Symbols 

for SPANRAD 
15 May 1958 

Contract FAA/BRD-85 

Report #29 Staff Development m Systems Research 15 August 1959 
Techmques 
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Number 

Memorandum # 12 

Memorandum # 13 

Memorandum # 14 

Memorandum # 15 

Memorandum # 16 

Memorandum # 17 

Memorandum # 18 

Memorandum # 19 

Memorandum #20 

Memorandum # 2 1 

Memorandum #22 

Memorandum #23 

Memorandum #24 

Phase III 

Systems Analysis Assistance m 
Air Traffic Control Systems Design 

Contract FAA/BRD-27 

Title 

The Dials on Clocks 

Selection of Ink and Paper to be Used 
With the Flight Strips 

Reductmn of Specular Glare from 
Displays 

Actlvltles at GPL 21-22 August 1958 

Recommendatmns Durmg the Week of 
9 September 1958 

Recommendatmns for the AMB Data 

Processmg and Dxplay System Dur- 
ing the Week of 15 September 1958 

Actlvltles Durmg the Week of 6 October 
1958 

An Account of Acceptance Tests on 

the Prototype Model of the Aircraft 
Armaments, Inc Target Generator 

and PIlot’s Display 

Materlal for Flight Strips 

Trackmg Controls for FAA Data 

Processmg and Display System 

Alrborne Display for AGACS 

Discrete Message Categories for 
Use in AGACS, Mod I 

Comments on Blonder-Tongue Labor- 

atorxs, Inc. Proposal--Human Factors 
Aspects of Intelllglblllty in ATC Voice 
Communications Systems 
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Date 

13 August 1958 

18 August 1958 

15 October 1958 

22 August 1958 

12 September 1958 

18 September 1958 

9 October 1958 

20 October 1958 

29 October 1958 

10 November 1958 

17 November 1958 

8 December 1958 

2 February 1959 



Phase III (Contmued) 
Contract EAA/BRD-27 

Number 

Memorandum # 25 

Memorandum #26 

Memorandum # 2 7 

Memorandum #28 

Memorandum # 29 

Memorandum #30 

Memorandum # 3 1 

Memorandum #32 

Memorandum #33 

Memorandum #34 

Memorandum # 3 5 

Memorandum # 3 6 

Memorandum #37 

Report #25 

Report #30 

Title 

Prellmmary Recommendations for 
the Sit and Sit-Stand PosItion Seat- 
mg to be used wth the FAA Data 
Processmg Central System 

Flow Control Supervisor’s Keyboard 

Sequence Console and Keyboard 
Readouts 

Orlentatlon of Matrix, Compass and 
Radar North and Special Displays 

Cab ConfIguratIon 

Actlwtles Durmg 30-31 December 1958 

Actlvltles Durmg Week of 12 January 

1959 

Swtch/Indlcators on Radar Sector Con- 
sole and Approach/Departure Console 

Flight Strip Paper 

Format Display for Speed Reduction 

Departure Display In Idlewlld Cab 

Review of FAA/BRD Fast-Time 
Slmulatlon Program 

Assistance In the Selection of AOS 
Personnel as Simulation ProJect 
Team Members at NAFEC 

The Sxnulator Pilot In a Dynamic Air 

Traffic Control Simulator An Actlvlty 
Analysis 

PredIctIon of Operator Effectiveness m 
Dynamic Air Traffic Control Slmulatlgn 
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Date 

13 February 1959 

12 March 1959 

12 March 1959 

20 March 1959 

19 March 1959 

31 December 1958 

16 January 1959 

19 March 1959 

(Rev. 9 April 1959) 

23 January 1959 

8 April 1959 

12 May 1959 

20 August 1959 

23 September 1959 

15 February 1959 

1 November 1959 



Number 

Report #31 

Phase III (contmued) 

Contract FAAIBRD-27 

Title Date 

Capabktles and Lmxtatmns of the Pllot 15 November 1959 
Operating m a Terminal Area Wlthout 

Tower Control 

Number 

Report $26 

Human Factors m the Design of 

Alrport Traffic Control Quarters 
Contract FAA/BRD-89 

Title 

Human Factors Conslderatmns in the 
Design of Alrport Traffic Control 

Quarters (Interim Report) 

Date 

15 April 1959 

Report # 27 Human Factors Conslderatmns m the 1 June 1959 
Design of Airport Traffic Control 
Quarters (Second Intemn Report) 

Report #28 Human Factors Conslderatmns m the 1 August 1959 

Design of Alrport Traffic Control 
Quarters (Final Report) 

Human Factors Actlwty Analysis of 
Air Traffic Control Facllltles 

Contract FAA/BRD-40 

Number 

Memorandum #l 

Title 

Selectmn of a Sample for a Cross- 
Sectmnal Review of Job Structures 

m Air Traffic Control 

Memorandum # 2 Methodology Used m Conductmg 
a Cross-Sectional Review of Job 
Structures m Air Traffic Control 

Date 

11 September 1959 

16 November 1959 


