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FOREWORD 

The period of slightly over one year covered by thw report has been a 

time of unparalleledprogress in the field of air traffic control. The public has 

been stimulated, as never before, to an awareness of the problems of air 

travel m an age where demand and technological developments in avlatlon have 

already taxed the capacity of the air traffic control system--a system deslgned 

to meet far less stringent requirements. This Increased awareness has been 

due m part to the dramatlc arrival of the commercial Jet on the air traffic 

control scene. But more than anythlng else public awareness and, even more 

Important, public actlvlty have been aroused by the series of tragrc rmd-air 

colllslons which vlvldly demonstrated the consequences of apathy toward “our 

crowded skies.” 

In a rapld series of developments came the report of Mr. Edward P. 

Curtls, Special Advrsor to the President, recommendmg a program for mod- 

ermzlng the natlon’s avlatlon facllltles. Congressional support of funds for 

lmmedlate lmplementatlon of CAA facllltles’ Improvements was fInally obtamed 

and the Congress quckly acted to establish the Alrways Modermzatlon Board, 

an agency formed exclusively to brmg to air traffic control system design the 

very latest m technological developments. But the Alrways Modernlzatlon Board 

did not live out Its legal three year life, as Congress acted to create a smgle 
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agency responstble for fostering the development and admmlstratlon of all 

aspects of domestlc and InternatIonal awatlon policy. With the creatmn of 

the Federal Avlatlon Agency, a new chapter In the hlstory of American am- 

atIon was begun. 

It has been a stlmulatmg and a rewardmg experience to have been a 

part of this revolutionary period rn air traffic control. We hope that our work 

has contributed In some small way to the evtdent progress m this vital field. 

A summary of our actlmtles In air traffic control would not be complete 

wlthout mention of the lmpresslon made on us by the controllers m the centers 

and towers, the aIrways operations speclallsts engaged m research and devel- 

opment, the admlmstratlve personnel and program planners, m fact, all of the 

people m air traffic control with whom we have been prlvlleged to work. They 

comprise a group of the most smcere and dedicated professlonal men encoun- 

tered m any lme of endeavor--achlevmg remarkable performance under the 

most dlfflcult and trymg condltlons. It has Indeed been a prlvllege to know and 

work vnth these men. 
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CHAPTER ONE 

INTRODUCTION 

Air traffic control 1s a complex and much-studled SubJeCt. Accordmg 

to recent estimates by the Library of Congress over 40,000 articles, papers, 

and reports have been wrltten on facets of “the air traffic control problem.” 

This phrase, “the air traffic control problem,” 1s a common one m the lltera- 

ture but rarely If ever 1s this “problem ‘I defmed m a manner which could lead 

to “a” solution. Wlthout mltumlzmg the Importance of a systems approach to 

air traffic control, It IS probably more fruitful, from a research standpomt, 

to avotd the abstract collective, “alr traffic control problem,” and Instead to 

delmeate and attack spectflc air traffic control problems. 

One entlre class of such problems Involves the human element in air 

traffic control. As passenger, pllot, and air traffic controller the needs, 

abllltles, and llmltatlons of the human bemg affect the operation of the system. 

It was the recognLtlon of this Important area by the Air Navlgatton Development 

Board that led to the establishment of Project ANDB/Navy 6. 12, entltled 

Human Factors in Air Traffic Control Systems Design. The ObJectlve of this 

project, as outlmed m the proJect speclflcatlon, was 

“to provide for the consultlve services of experts m the field of 

Human Factors XI order to Insure adequate conslderatlon 1s bemg 

devoted to this Important phase of the man-machme complex. 

These experts a+e to assist m conductmg the air traffic control 

research and development programs that are under ANDB spon- 

sorshlp.” 
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Courtney and Company was selected to provide these serwces m cooperation 

with the Naval Research Laboratory. 

The role of an expert IS often a dtfflcult one to fill--and the air traffic 

control field has seen more than Its share of “experts.” People who have 

spent a lIfetIme working III a field are understandably skeptlcal of the “expert” 

who presumes to propose solutions based on the most superflclal knowledge 

of the requrements of the system. Sound counsel from the sponsors of the 

human factors research proJect helped greatly to overcome the llablllty of 

bemg cast III the role of an expert. The basic concept of the proJect which 

was adopted, stressed that members of the Courtney and Company staff were 

to partlclpate as members of the research team on proJects designated by the 

Air Navlgatron Development Board. In this role they wculd supplement the 

consIderable experience and skills of other professIona team members-- 

whether engineers or active air traffic controllers. There was no Intent to 

conduct Independent studies or III any other way supplant rather than supple- 

ment the skills of the other team members. 

A corollary of this basic premise was that wrltten reports were mclden- 

tal to the maJo= ObJectlve of the proJect. With the many requirements for 

assistance whxh evolved during the proJect, this emphasis on actlon rather 

than exposltlon became both an asset and a llablllty--an asset m that It freed 

the research staff of the time consummg task of wrltmg and edltmg numerous 

reports, a llablllty III that the sometImes excessive demands for assistance 
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which developed were not lmmedlately evident. In general, however, It IS 

believed that the approach was correct and necessary to make a slgnlflcant 

Impact on the many human factors problems which exist m al-r traffic control. 

The fundamental phllosphy of team partlclpatlon has guided the human 

factors effort throughout the period covered In thw summary report. Smce 

the work conducted has been a Jomt effort It 1s extremely dlfflcult to ldentlfy 

speclflc contrlbutlons of Courtney and Company. Ideas generated wlthm a 

group are very often the product of sunply havmg people with different skrlls 

and pomts of view mteractmg. In the chapters which follow, the descrlptlons 

of proJects m which the human factors members of the team have partlclpated 

do not Imply that the accomplishments of the team are due solely to the partlc- 

lpatlon of human factors personnel. It IS believed, however, that an important 

contrlbutlon has been made by the human factors members and this belief 1s 

supported by the greatly expanded program of human factors research In air 

traffic control which has evolved from the relatively modest begmnlngs under 

ANDB/Navy 6.12. 

Actually two dlstmct phases exlsted m the work performed under Contract 

Nonr-2346(00). Phase I Involved services performed for the Air Navlgatton 

Development Board and the CAA TechnIcal Development Center, Indlanapolls, 

Indlana from 1 April 1957 to 1 March 1958. Phase II began soon after the crea- 

tlon of the Alrways Modernlzatlon Board. These expanded servxces In support 

of the AIrways Modernlzatlon Board’s crash program began in March 1958 and 
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are contmumg in conjunctton with the Federal Avlatlon Agency. In August 

1958 the AIrways Modernization Board (now the Bureau of Research and 

Development of the Federal Avlatlon Agency) took over direct admmlstra- 

tlon of the human factors program formerly covered by contract with the 

Offlce of Naval Research. The genealogy of the Human Factors m Air Traffic 

Control Systems Design program 1s shown m Figure 1. 

The organlzatlon of this report follows the natural phases mto which the 

work was dlvlded Chapter Two describes the work performed m support of 

the Air Navlgatlon Development Board and the CAA TechnIcal Development 

Center, while Chapter Three describes the human factors effort carried out 

in support of the Alrways Modernlzatlon Board. 
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HUMAN FACTORS IN AIR TRAFFIC CONTROL SYSTEMS DESIGN 

1 APRIL 1957 

Phase I 
Assistance to the 

Air Navlgatlon Development Board 

and the 
CAA TechnIcal Development Center 

Contract Nonr-2346(00) 

..,.................. .-**-*-;~Y 
v 

Contmued Human Factors Phase II 

Assistance to the Assistance to the 
Clvll Aeronautxs Admmls tratlon Alrways Modernlzatlon Board 

Contract C13ca-646 Contract Nonr-2346(00) 

; 

i 

: 
: . 
i 

; 

i 
i 
: 
; 
: Human Factors Acltvlty Analysw of 

Air Traffic Control Facllltres 

7 
. ..’ . ..’ 

4”” 

. ..’ 

Contract FAAIBRD 40 
. 

11 AUGUST 1958 

Systems Analysis Assistance In 

Air Traffic Control Systems Design 

Contract FAA/BRD 27 

Figure 1. Genealogy of Human Factors In Air Traffic Control Program 
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CHAPTER TWO 

PHASE I -- 

SERVICES TO THE 

AIR NAVIGATION DEVELOPMENT BOARD 

AND THE 

CAA TECHNICAL DEVELOPMENT CENTER 

1 APRIL 1957 _ 1 MARCH 1958 

The major research effort sponsored by the Air Navigation Development 

Board was carried out at the CAA Technical Development Center, Indlanapolls, 

Indlana. One of the Board’s maJo= concerns was the appllcatton of slmulatlon 

techniques to the study of air traffic control problems. It was In this area of 

simulation that the Board particularly desired assistance. Human factors 

personnel, trained m the measurement of human workload and skllled m ex- 

perimental design and crlterlon development, could contribute these skrlls as 

a part of the team of alrways operations speclallsts at Indlanapolls who organ- 

lzed and conducted the simulation studies for ANDB. 

Another area of Interest was In the design and development of air traffic 

control equlpment--particularly displays. This work was also carried out 

prlmarlly at the TechnIcal Development Center. It was felt that Courtney and 

Company staff members, workmg with TDC engineers and designers, could 

brmg to bear on display problems the accumulated knowledge m human engl- 

neerlng relative to the optimum characterlstlcs of displays and workspaces 

for the human operator. 

Human factors speclallsts can make their most far reachmg contrlbutlon 

at the conceptual level of system plannmg. If the needs and skills of the human 
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component in the system are considered from the begmnmg, expensive redesign 

and retroflttmg m the hardware stage can often be avoided. The Air Navlgatlon 

Development Board also desired consultmg assistance In this broad area of 

system design and program planning. 

Before work could be undertaken m any of these areas it became apparent 

that a thorough mdoctrmatlon In air traffic control was essential. This mdoc- 

trination, which occupied the greater part of the first three months of the pro- 

ject, took two forms 

(1) An lntenslve study of the literature on air traffic control to Insure 

that the research staff was fully cognizant of problems and sol&Ions 

attempted m the past, and 

(2) Actual trammg and supervIsed experience in the work of the air 

traffic controller in order to provide a first-hand knowledge of the 

day-to-day stresses and requirements of the air traffic controller’s 

Job. 

It was not the intent of tis mdoctrlnatlon to make air traffic controllers out of 

research psychologists, but to provide the research staff,who already had ex- 

tensive backgrounds in other asp@-.8 of aviation, with a workmg. practical 

approach to the research program. It also would provide the staff with some 

of the basic language of air traffic control m order that they might commune- 

cate more effectively wth other members of the research team. 
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In addltlon to attendance at classes for controllers, and observation m 

air route traffic control centers and in towers, llalson was established with 

the slmulatlon group at TDC to become farmlIar with the techntques employed. 

From this period of orLentatlon came a much clearer conceptlon of the speclflc 

areas in which the human factors effort could be most frutfully concentrated. 

With a lImIted effort available It was essential that the effort not be spread too 

thinly across the many air traffic control development projects in which the 

human operator was Involved. The end product of this orlentatlon period was 

a research plan which was recommended to the Offlce of Naval Research and 

the Air Navlgatlon Development Board. BasIcally, this plan emphasized the 

Importance of the consultmg role, working actively with TDC personnel on 

the practical everyday problems encountered in their research, and consulting 

with ANDB m the area of program plannmg. 

AREA 1 -- HUMAN ENGINEERING CONSULTATION 

The work at the TechnIcal Development Center on new dwplay techniques 

presented an excellent opportunity to mltlate a program of human englneerlng 

assistance Of particular Interest was the work being done m the area of bright 

tube radar displays, work which could greatly Improve the environment of the 

radar air traffic controller. One development which looked particularly prom- 

IsIng was a display known as SPANRAD--SuperImposed Panoramic Radar Dls- 

play. SPANRAD 1s basIcally a televwlon picture of a radar display with m- 
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formatlon relative to radar targets superimposed on the scan-converted radar 

wdeo usmg a closed clrcult televlsron techmque. Since SPANRAD presented 

certam display problems In resolution, brightness , and orlentatlon, as well 

as problems m target detectmn, Identlflcatlon, manual trackmg, and work- 

space layout, It represented an excellent focal pomt for the human englneerlng 

phase of the consultmg work. 

Designated ProJect 1. 1, SPANRAD Development, the team effort resulted 

In the display system shown m Figure 2. The photograph shows SPANRAD 

bemg used In conJunctlon wtth slmulatlon studies to determIne an optimum lo- 

catmn for a second Washmgton, D. C., alrport. 

At the present tmne operatlonal scan-converted radar systems are sched- 

uled for mstallatton m 20 CAA facllltles wlthm the Umted States. The Navy 

has also adopted a version of SPANRAD for use m several RATCC’s (Radar 

Air Traffic Control Centers) now bemg Implemented. 

In addltlon to the maJo= human engmeermg effort expended on the SPANRAD 

program, SIX other display proJects were partlclpated m durmg the period of 

this report. This number does not Include many Instances where Informal as- 

slstance was rendered to TDC personnel relative to display and control prob- 

lems, and problems of workspace layout. 

ProJect 1. 3 conslsted of assistance m the development of a three-dmnen- 

slonal plctorlal plannmg display for the control of high altitude, high speed 

traffic. This display employed movable layers of glass, represenhng altitude 

strata, on which tapes deplctmg the aIrcrafts’ predlcted flight paths were 
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posted. Several problems m postmg and read-out were encountered and 

human factors recommendations were made to Improve the dwplay. 

ProJect 1.4, Human Factors Recommendatxons for Flight Progress 

Strips, was one of the few tasks carried out almost entirely as an mdepend- 

ent staff study. The use of computer-generated, prmted flight progress strips 

was causing serious problems m reading on the part of controllers In the 

IndIanapolls Air Route Traffic Control Center. At the request of Mr. Lyle 

Brown, Chief of the Center, a concentrated study of the prmted flight strip 

and the condltlons under which It was used was made. The fmdmgs of this 

study were reported tn detail In Memorandum Report #l dated 1 October 1957. 

As a result of the recommendations contalned In that report, the entire flight 

strtp prlntmg operation was shut down, pendlng the development of a sultable 

uniform flight strip format. Ftgure 3 shows the former handsrltten strip and 

Flgure 4, the prmted flight strip then In use at the IndIanapolls ARTCC 

Figure 5 shows the present flight strip In use with the IBM 650 RAMAC com- 

puter at IndIanapolls and Figure 6 shows the prlnted flight strip produced by 

the Remmgton Rand UNIVAC File One computer scheduled for mstallatlon m 

the New York and Washmgton Centers. These strips Incorporate many of the 

recommendatxons made In Memorandum Report #l. 
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Figure 3. Orlgmal HandwrItten Fltght Progress Strip 

S C N IND 1643 

4 LAX V 12 
.---------------------- 

2 a 0 liDB 

Figure 4. IBM Prlnted Flight Progress Strip -- First Version 

Figure 5. Present ISM Prlnted Flight Progress Strip (Project 1.4) 

lxBD115.61 / 

r ----r 

a4 I 

127xDE 
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39 DC71 ENLV4MKC 

x32 270 r 
Figure 6. Present UNIVAC Prlnted Flight Progress Strip (Project 1.4) 
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The staff of Courtney and Company was asked to partlclpate m operation- 

al tests of the Air Traffic Control Radar Beacon System to be conducted In the 

New York area. This partlclpatlon, designated ProJect 1. 5, took two forms 

(1) a human engmeermg evaluation of the prototype beacon control panel wth 

recommendatmns for modlflcatlon and (2) partlclpatlon m beacon test plannmg. 

It was antlclpated that further partlclpatlon In the actual field evaluation would 

be required, but equipment delays prevented further effort on this proJect. 

Another proJect concerned with bright tube displays was mltrated at the 

request of the AIrways Operations Evaluation Center at TDC. ProJect 1.6, 

Study of Methods for Reducmg Specular ReflectIons from CRT Tubes, resulted 

m the development of a reflectlon attenuating device which markedly mxproves 

the signal-to-noise ratio of targets dlsplayed In high amblent light condltlons. 

The severity of the reflectlon problem 1s shown m Flgure 7. The bright tube 

radar monitor Installed In Indmnapolls Tower clearly shows the effect of the 

excessive brightness required to overcome specular reflectlons from the tube 

face. Figure 8 shows the effect of a prototype reflection attenuator Installed 

on the radar monitor. 
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The literature search and theoretIca study which led to the development 

of the reflection attenuator (RAT) have been reported in Courtney and Company 

TechnIcal Report #23 dated 15 November 1958. A proposed productmn vers~c~n 

of the reflectmn attenuator which 1s descrrbed m the above report IS shown m 

Figure 9. 

Figure 9. Proposed ProductIon Version of ReflectIon Attenuator 
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The expansion of the TDC Dynamic Air Traffic Control Simulator pre- 

sented an lnterestmg problem rn console design and workspace layout. The 

exlstmg slmulatmn room, shown m Figure 10. was already crowded and It 

was proposed to remote the display picture via closed clrcut televlslon to an 

adJacent space where operator consoles would be provided to control the op- 

tlcal target generators. 

Figure 10. Mam Slmulatlon Room at CAA TechnIcal Development Center 

At the request of Mr. T. K. Vlckers, Project 1.7 was establlshed to 

develop an optimum layout for the remote sxnulator room and an unproved 

version of the simulator pllot’s console. The prmclpal contrlbutlon of the 
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Courtney and Company staff was m applying basic anthropometrlc data to the 

design of the simulator room. The resulting layout 1s shown m the photograph 

(Figure 11) of the completed mstallatlon. 

The design of the pllot’s console presented a somewhat chfferent problem. 

although anthropometrrc conslderatrons were still u-nportant as shown In Fig- 

ure 12, lllustratlng the cramped workrng cond~tlons created by the exlstlng design. 

Figure 12. Orlglnal Versron of Simulator Pilot’s Console 

An analysis of the operator’s task was made to deternune common errors and 

to develop a functwnal basis for redeslgnmg the console. The resultmg layout 

(Figure 13) was necessarily a compromise with engmeerlng feaslblllty, but It 

- 19- 



CQUWTNEY AI’iJ3 COMPANY - - 



CQUKTIiEY ANU CWJIPARY 

IS belleved that It represents a substantial Improvement over the earlier 

control console. It Incorporates a redeslgned altimeter, a headmg mdlcator 

modlfled to prevent common errors m dIrectIon-of-turn operations, stowage 

space for personal Items, Increased shelf space with a transparent cover for 

essential reference data, and a completely functmnal arrangement of mdlca- 

tors and controls. 

Although the smnulator design project was the last human engmeermg 

task for TDC carried out under Contract Nonr-2346(00), human engmeermg 

serwces have contmued under direct CAA sponsorship. 

AREA 2 -- CRITERION DEVELOPMENT 

The development of crlterla for the evaluatmn of system performance IS 

a dlfflcult task. A great deal of the research effort avallable under the present 

contract was devoted to the study of crlterla applicable to the evaluation of air 

traffic control systems. The results of this work are, as yet. unpublished, 

however, the research 1s contmumg under CAA and FAA support and, although 

unpublished, the effort has nevertheless had mnportant effects on the conduct 

of dynamic air traffic control slmulatlon studies and the development of data 

recordmg systems for sophlstlcated air traffic control simulators now bemg 

constructed. 

The ultimate crltermn of the effectiveness of any system of air traffic 

control IS, of course, the ablllty of the system to move alrcraft safely and 

efflclently. However, It IS often unposstble to measure the effects of traffic 
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control In terms of these ultunate crlterla , particularly In an operatmnal en- 

vlronment. In some cases the necessary data are InaccessIble, but In most 

cases the lmnrtatlons of the ultimate crlterla are due to thelr lack of sensltlvlty. 

Even a major change III a system of control may not be reflected m the ability 

of that system to prevent confllctlons between alrcraft or In Its ablllty to mm- 

mmze delays m the flow of traffic. The key to this lack of sensltlvlty lies m 

the remarkable adaptablllty of the human component m the air traffic control 

system--the air traffic controller. 

A greatly slmplrfled schematlc of the air traffic control loop IS shown m 

Figure 14. 

TRAFFIC 
VARIABLES 

MEASURES OF EFFECT OF CONTROL 
ON AIR TRAFFIC 
(uhmate crlterla) 

MEASURES OF 
w CONTROLLER ACTIVITY 

I 
(mthmedlate cnterla) 

DISPLAY 
VARIABLES 

Figure 14. SchematIc of the Air Traffic Control Loop 
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Traffic variables are the mltlal Inputs Into the air traffic control system. 

Traffic density, type and speed of aircraft, number of arrivals and departures, 

am route structure, weather condltmns, and the rntermlxture of VFR and IFR 

alrcraft are a few of the traffic variables that ~111 affect measures of system 

performance. In actual operations, it IS lmposslble to manipulate all these 

traffic variables simultaneously, consequently It IS Impossible to duplicate 

condltlons for the purposes of comparlng alternatlve systems of control. Slmu- 

latlon promdes a means for creating comparable air traffic control problems 

under a variety of experrmental condltlons. Thus, with constant Inputs Into 

the system, It IS possible to vary components or methods of aLr traffic control 

and to determlne the ultmnate effect on system output. 

One component m the system which can be varied IS the display used to 

present mformatlon about the air traffic sltuatlon to the controller. But the 

effect of varymg the display 1s not directly reflected In the ultimate crlterla 

of system effectiveness. The controller who acts on the mformatmn presented 

in the display can completely obscure real differences In systems for dlsplay- 

mg mformatlon. We would expect that with an optxnum display of air traffic 

control mformatlon, the controller would be able to control traffic wlthout con- 

fllctmns and with little or no enroute delay. The fact 1s that even with themost 

Inadequate method of display the controller 1s still able to move traffic safely 

and expedltlously If confllctlons and delays are used as measures of these ultl- 

mate crlterla. But this equivalent performance LS not achieved without cost-- 
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the difference between displays 1s readily apparent when the controller’s work- 

load IS compared m each of the two systems. The controller 1s a highly adapt- 

able component m the air traffic control system and consequently 18 able to 

compensate for many deflclencles m system design. Thus any evaluation of 

over-all system performance must Include the determmatmn of thm compen- 

satory effort on the part of the controller. The measure of a good system of 

air traffic control then becomes the ablllty of the system to satisfy the ultmxate 

crlterm of safety and efflclency with the least stress Imposed on the controller 

or, conversely, it IS the abLllty of the system to move a greater volume of air 

traffic wlthout sacrlflcmg safety and wlthout makmg excessive demands on the 

controller. To obtain measures of the demands made upon the air traffic con- 

troller we must turn to observable aspects of the controller’s acttvlty--what 

does he do in the process of controlllng air traffic. The purpose of the work 

at TDC was to explore some of these actlvltles and to mvestlgate methods for 

measunng them. 

Some of the more prormsmg crlterla developed in a comparwon of three 

simulated dlsp’l iy systems (SPANRAD, Slant-scope Radar, and ANC Flight 

Progress Boards) were 

1. Measures of Coordlnatmn Actlvltles 

a. Message frequency 

b. Message length 
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2. Measures of Commun~catmns Actlvltles 

a. Message frequency 

b. Message length 

3. Measures of Flight Dlsruptlons 

a. Headmg changes 

b. Speed changes 

c. Altitude changes 

4. Requirements for Supplemental Control Informatmn 

a, Frequency of requests for aircraft positmn InformatIon 

b. Frequency of requests for alrcraft altitude mformatlon 

Smce the number of variables affecting system performance IS quite 

large, no single study could hope to explore all aspects of the problem. The 

prlnclpal value of the crltermn studies conducted at TDC was in polntlng out 

promxslng avenues for further research, research which It 1s hoped ~111 lead 

to the development of reliable mtermedlate crlterla of the performance of 

sm-mlated air traffic control systems. 

AddItIonal studies of some of these variables. such as the effect of prob- 

lem dlfflculty, length of run, and sme of the controller sample, are currently 

bemg undertaken III conJunctIon wth TDC and FAA sunulatmn proJects. The 

ultimate goal of this research IS to develop a controller workload Index which 

~111 be a reliable mtermedlate crlterlon of the performance of simulated atr 

traffic control systems. 
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AREA 3 -- PROGRAM PLANNING 

In antlclpatmn of Increased assistance to the Am Navlgatmn Development 

Board m the area of human factors m am traffic control systems design, an 

lntenslve program of study was undertaken by the staff Thm study was done, 

m part, from the extensive literature on am traffic control, but the maJo= em- 

phases was on a field survey of problems m active au traffic control facllltles-- 

problems of equipment design and workspace layout, and problems of personnel 

recrultmg , selectmn and trammg 

The antlclpated advmory servxe to the Air Nawgatlon Development 

Board never materlallzed as this orgamzatmn gave way to the Alrways Mod- 

ernmatmn Board The work of this mtenslve study has, however, proven of 

great value in the contmumg work with CAA, AMB and currently with the 

Federal Avlatmn Agency Projects, such as the present research effort m 

the appllcatlon of human factors concepts to the design of az- traffic control 

towers for the CAA, and the conduct of an actlvlty analysis of am traffic con- 

trol facllltles, are directly traceable to thm preparatory phase of the program 

plannmg task The subject of program plannmg IS covered more fully m Chapter 

Three, outlmmg services performed for the Alrways Modermzatmn Board under 

Contract Nonr-2346(00) 
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AREA 4 -- BIBLIOGRAPHIC RESEARCH 

The blblmgraphlc support provided by the Courtney and Company library 

has been mdlspensable to all of the work performed, both m support of the ef- 

fort at the CAA Techmcal Development Center and, later m support of the work 

with the Airways Modernwatmn Board. The collectmn and orgamzatmn of the 

volummous literature on air traffx control has been a major accomplishment 

But even more slgnlflcant 1s the rapld retrieval system mstalled durmg this 

project which made speclfx Items of mformatlon available to the research 

staff llterally on a moment’s notice This service has not only been used to 

support the research actlvltles of the Courtney and Company staff but has fre- 

quently been called upon to provide documentatmn for work bemg performed 

by the sponsoring agencies 
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CHAPTER THREE 

PHASE II -I 

SERVICES TO THE 

AIRWAYS MODERNIZATION BOARD 

1 MARCH 1958 - 11 AUGUST 1958 

The creation of the Alrways Modernlzatlon Board resulted m a re- 

dIrectIon of the human factors research effort and an Increase m its scope 

The amended work statement to Contract Nonr-2346(00) states the ObJectIves 

of the expanded work very clearly 

“SECTION A - The Contractor shall furmsh the necessary personnel 

and facllltles for and, m accordance with any Instructions issued by the 
Sclentlflc Officer or his authorized representative, shall conduct research 

on human factors m au traffic control systems design which shall Include 

the following 

1 Appllcatlon of human factors concepts in determmlng the m- 
formational requirement for air traffic control displays, establlshmg meth- 

ods of presentations, and m their design that ~111 result m the most effective 

employment of human beings m the system. 

2. Applxatlon of human factors concepts to the detalled design of 
components and for their mtegratlon into an effluent traffic control center 

3 Active partxlpatlon In the conduct of system slmulatlon tests 

to improve the evaluation crlterla of the man-machme bemg lnvestlgated 

This partlclpatlon shall Include recommendmg the nature and scope oft ests 
to be conducted at the TechnIcal Development Center, Indlanapolls, Indlana, 

at the Airborne Instruments Laboratory, Mmeola, New York, at the Inter- 

natlonal Busmess Machmes Computer Center, Kmgston, New York, and 

with the General Preclslon LaboratorIes, Pleasantvllle, New York ‘1 

AREA 1 -- HUMAN FACTORS IN AIR TRAFFIC CONTROL 

DATA PROCESSING AND DISPLAY 

The stated goal of the Alrways Modernxzatlon Board was to provide an 

lmmedlate unprovement 1n the processmg and display of air traffx control 
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mformatlon The major effort of the AMB program centered around the 

development of a semi-automatic data processmg and display program. 

Quite naturally, this emphasis on ATC Data Processmg and Display has 

been reflected m the program of human factors assistance 

Dr. Wallace H Wallace was asslgned to the General Preclslon Labor- 

atory, Pleasantvllle, N Y to provide staff assistance to the AIrways Mod- 

ernlzatlon Board representatives superwsmg the development of the AMB/GPL 

system Because of the “crash” nature of this program, most of the human 

factors assistance has drawn heavily upon prior research and has been con- 

cerned primarily with the human engmeermg aspects of equpment design 

When Courtney and Company began glvmg assistance to AMB on the 

data processing and display system, the philosophy behmd the system had 

been formulated The greatest and lmmedlate need was to apply human fac- 

tors to the prescribed consoles and displays This work has evolved Into 

conslderatlon of three aspects the conslderatlon of mformatlonal Inputs to 

the controller, the outputs from him, and the controller’s environment See 

Figure 15 Typical examples of the human factors actlvltles on the system 

are described 111 the subsequent paragraphs m order to give a sample of the 

recommendations and suggestions which have been made 

A Inputs 

In consldermg the Inputs at the various control positions, an attempt has 

been made to determme (1) what mformatlon IS requred, (2) what sources there 
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are for the mformatlon,(3) what form the mformatlon should take, and 

(4) how best to present It 

TRAFFIC 
VARlABLES 

MEASURES OF EFFECT OF CONTROL 

e- 

/ 

ON AIR TRAFFIC 
(uhmate crlterla) 

MEASURES OF 
w CONTROLLER ACTIVITY 

I (IntermedIate crlterla) 
----_------ 

:~ I 

I 
ENVIRONMENT& 

\? 
I t.\ \ 

CONTROLLER m 
I,.nlLnl rt. 

INPUTS 

\\ 

’ \ “Hr(lHOLC3 1 4 

‘I \ OUTPUTS 

lgure 15. Scr,ematic of Input. Output, and Environmental Factors in Air Traffic Control 

Several examples of previous recommendations follow, many of which have 

been mcorporated mto the Data Processmg Central system 

(1) What mformatlon IS requwed 7 

Example The supervisor must regulate the flow of traffic to the terms- 

nals by glvmg orders to other centers to restrict traffx mto overloaded ter- 

mmals After discussions it was realxzed that there would be an extensive 
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time delay between glvmg the order and compliance Therefore, a new U-L- 

formatIona requirement was a display not only of predlcted traffic but also 

of ordered traffx (One conflguratlon mcorporatmg the suggestlon 1s seen 

III Flgure 16 ) 

(2) What sour.ces are there for the required mformatlon? 

Example In the tower, one controller must estnnate the takeoff txne 

of alrcraft so that conflict probes can be made of their route The accuracy 

of the probe depends on the accuracy of the controller’s estn-nate Elsewhere 

m the system, landmg tnnes are scheduled Smce landmg tn-nes affect depart- 

ure tnnes , It was recommended that this mformatlon be provided to the depart- 

ure controller m the tower to mcrease the preclslon of his estnnates. 

(3) In what form should the Information be presented 7 

Example In one display, dlgltal InformatIon was presented However, 

the controller needed to know only the relatIonshIp between two variables, 1 e , 

whether one was greater or larger than the other It was recommended that 

the preclslon of the dlgltal display should be replaced by an easier to scan and 

easier to comprehend analogue display Two of the suggested displays are 

shown 111 Figure 17 

(4) What 1s the best way to present the nxformatlon? 

Example The design of the characters on flight strips was snmlar to 

Mackworth type to insure high leglblllty, even under very oblique vlewmgangles. 
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Figure 17. Analogue Flow Control Dsplays 
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B outputs 

The outputs from the controller have been exammed m a manner slmllar 

to the inputs The approach 1s to determme what mformatlon 1s needed by 

the reclplent of the controller’s actlon, what kinds of responses are feasible, 

what form of response 1s required, and how best to require the response 

(1) What mformatlon 1s required from the controller 7 

Example The controller uses the sequence console to asslgn landmg 

times to arcraft It 1s necessary to Inform the computer of his declslons. 

Orlgwmlly, the computer was told by reference to the arcraft’s IdentIty and 

the desired landing time This required over 13 keyboard operations 

The computer could be Informed of the controller’s declslon by refer- 

ence to the posltlon of the arcraft and the landing slot on the display Makmg 

this the lnformatlon required from the controller reduced his operations to 

two button depresslons 

(2) What kmds of responses are feasible 7 

Example One proposed flight strip holder required considerable, force- 

ful manlpulatlon of clamps to hold the flight strip m place The use of mater- 

~~1s other than paper required a different kind of response, and so a plastic 

and a pressure sensltlve tape were recommended which could replace paper 

and adhere strongly to the holder wlthout clamps 
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(3) What form of response 1s required? 

Exampleb In entermg fix reports mto the system with a keyboard, 

the sequence of operations 1s to mampulate. 

(a) the address key, then 

(b) the dlgltal mformatlon keys, and then 

(c) the command keys 

Recommendations for the layout of the keyboard suggested placmg the keys 

so as to follow this sequence of operation 

(4) What 1s the best way to require the response? 

Example The punch and prmter prepares strips for loadmg and eJects 

them mto a hopper To avold strips being lost or posted after the alrcraft had 

passed through the system, It was recommended that the hopper be redeslgned 

so that the earllest strip prmted had to be the first removed This llmltatlon 

of responsestoone type, lowers the chance for errors. 

c. The Environment 

Many conslderatxons of the controller’s workmg environment have m- 

fluenced the design of equipment The recommendations dlscussed m Chapter 

Two, relative to the control of specular reflectlons from displays, have been 

suggested for mcorporatlon m the GPL equipment In addltlon, the console’s 

dlmenslons have been deslgned on an anthropometrlc as well as functIona basis, 

permlttmg the controller to reach his controls and provldmg space for future 
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developments Figure 18 shows GPL and Courtney and Company staff mem- 

bers workmg on full-scale mock-ups of several of the display consoles for 

the semi-automatic system Work on this actlvlty at GPL 1s contmumg For 

a more complete sample of the kmds of topics treated m the data processmg 

and display work, see the list of titles of technlcal memoranda Issued In con- 

nectlon with this effort (Appendix B) 

AREA 2 -- HUMAN FACTORS IN THE DEVELOPMENT 

AND EVALUATION OF AIR TRAFFIC CONTROL SYSTEMS 

The Alrways Modermzatlon Board was conceived as a systems orlented 

group Their approach to the solution of air traffic control problems was 

Inter-dlsclplmary, mcludmg the contrlbutlons of operatIona speclallsts, 

engmeers, economists, and, of partxular Interest, human factors speclal- 

1sts. The DIrectorate of Systems Analysis assumed responslblllty for man- 

agmg the Courtney and Company human factors effort and has made maximum 

use of the human factors members of the team The preparatory work In 

program plannmg mentloned m Chapter Two became an mvaluable asset to 

the Courtney and Company staff m advlsmg AMB on the human factors aspects 

of future system design 

One of the earllest requests for assistance was m the preparation of 

transltlon and termmal area speclflcatlons for the semi-automatx data 
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processmg and display system In this proJect, members of Courtney and 

Company worked directly with the staffs of AMB and the General Preclslon 

Laboratory to develop a complete set of system requirements for this first 

maJo= step mto the semi-automatic control of air traffic 

In attemptlng to antlclpate requirements for a system yet undeveloped, 

questlons InvarIably arIse Another Important area of program plannmg as- 

sistance was m settmg up research projects, either Internal or external, to 

obtam answers to such questlons For example, a program of real and fast 

twne slmulatlon was outlmed for AMB to obtain necessary Inputs Into the Data 

Processmg Central program Knowledge of experImenta design techmques 

and prior experience m dynamic air traffx control slmulatlon were extremely 

valuable In this phase of work with the Axways Modernlzatlon Board 

Once the Data Processmg Central system reaches the hardware stage, 

a comprehensive period of testmg and evaluation of the equipment ~111 be car- 

rled out by the DIrectorate of Systems Analysts and the DIrectorate of Systems 

Experlmentatlon Both simulated and lwe testmg of the system are to be ac- 

compllshed before mtroductlon of the equipment Into the operatmg environment. 

Courtney and Company has partlclpated m many phases of the plannmg for these 

system tests, mcludlng recommending types of tests to be conducted, commune- 

catlons requirements, and data recordmg facllltles needed during the test per- 

lad One of the most Important of these plannmg servxes was m connectlon 

with the development of an advanced air traffic control dynamic slmulatlon 

capablllty for the DIrectorate of Systems Analysis. 
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AREA 3 -- HUMAN FACTORS IN AIR TRAFFIC CONTROL SIMULATION 

The human factors effort in snnulatmn durmg the permd of this sum- 

mary report has, in many respects, paralleled the work m data processmg 

and display. The chief demand for assistance has been in the applxatmn 

of human engmeermg prmclples to equipment design This has Included 

extensive work with Ancraft Armaments, Inc in the design of the p&t’s 

console for the simulator, m the development of consoles for supervisory 

posltmns, and m the orgamzatlon of a snnulator dlrector’s display The 

pilot’s console 1s the key to the entlre simulator operation and 1s the dn-ect 

source of human Inputs mto the traffx portlon of the simulated au traffic 

control system Experience gamed by Courtney and Company while workmg 

on the design and layout of the addltlon to the TDC simulator greatly expedited 

the development of a satisfactory console design for AMB A modlfled engl- 

neermg model of the pllot’s console 1s shown m Figure 19 

An even more Important contrlbutlon to the simulator program has been 

the mcluslon of modern high speed data recordmg and processmg capabllltles 

m the AMB snnulator as a result of Courtney and Company recommendatmns 

It ~111 be possible to obtam many of the crlterlon measures of system per- 

formance dlscussed earlxr, automatlcally, and m a form for rapld data 

reduction by computer It ~111 no longer be necessary to wait for the labor- 

lous manual reduction of slmulatmn data to determme the results of an ex- 

perlment Another contrlbutlon to Improve the simulator as a tool for systems 
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Figure 19. PIlot’s Console for FAA Air Traffic Control Simulator 
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experlmentatlon resulted from Courtney and Company recommendations 

that AMB develop a capablllty for computer generatlon of flrght plan sam- 

ples mcorporatmg clearly defmed parameters This project, already be- 

gmmng to produce such samples, ~111 enable closer experImenta control 

of one of the most slgmflcant classes of variables m an traffic control 

slmulatmn Work on this program 1s contmumg m cooperation with IBM 

and the FAA Bureau of Research and Development 

The degree to which simulator operators can perform as “pilots” 1s 

another variable which can be a source of serious experImenta error. The 

ongmal effort m optlmlzmg the operator’s console has naturally evolved 

Into the development of a selection and trammg program for snnulator op- 

erators. To this end, a detalled actlvlty analysis of the simulator operator’s 

task was undertaken and 1s now nearmg completion 

In all areas of the work outlmed above, the human factors effort 1s 

contmumg, and, so long as the human bemg remams a key component m 

the air traffic control system, the contrlbutlon of the human factors spec- 

lallst to the systems research team ~111 reman a vital one 
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APPENDIX A 

LIST OF COURTNEY AND COMPANY PERSONNEL 
WHO HAVE WORKED ON 

CONTRACT NONR-2346(00) 

Dr Wllllam H Angoff 

Mr A T Bazer 

MISS Rosa Bernstem 

Mr Kenneth W Colman 

Dr Douglas Courtney 

Mr J. W Danaher 

Mrs LOIS -ellm Datta 

Dr Myron A Flschl 

Mr John B Freeman 

Dr J. S Kldd 

Dr Omer Lucler 

Mrs. Anne Portenar 

Dr George E Rowland 

Dr Wallace H Wallace 
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APPENDIX B 

LIST OF COURTNEY AND COMPANY 

REPORTS AND MEMORANDA ON 

AIR TRAFFIC CONTROL 

Phase I 

Assistance to the 

Air Navlgatmn Development Board 
and the 

CAA Techmcal Development Center 

Contract Nonr-2346(00) 

Number 

Report # 16 

Title Date 

Human Factors Recommendations for 1 October 1957 

Flight Progress Strips 

Report #23 The Control of Specular ReflectIons 

from Bright Tube Radar Dwplays 

15 November 1958 

Phase II 

Assistance to the 

Ax-ways Modernlzatmn Board 

Contract Nonr-2346(00) 

Number 

Report #24 

Memorandum # 1 

Memorandum # 2 Enroute Radio Sector Console 

Memorandum #3 Flight Strip Holders 

Title 

Human Factors m Air Traffic Control 
Systems Design 

Consultmg Actlvltles at General Pre- 
clslon Laboratory 

Date 

1 December 1958 

12 May 1958 

13 May 1958 

14 May 1958 
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Number 

Memorandum #4 

Memorandum #5 

Memorandum #6 

Memo r andum # 7 

Memorandum #S 

Memorandum # 9 

Memorandum # 10 

Memorandum # 11 

Title 

Enroute Radar Supplement 

The Pneumatic Tube System 

Alpha-Numerlc Character Matrix 

for Plctorlal Displays on Enroute 

Radio Sector Console 

Speclflcatlon of Type Style for 

Flight Strip 

Data Entry Keyboard 

The Enroute Radio Console 

Recommended Dlmenslons for Con- 

soles Employmg the Sit PosItIon 

Supervisor’s Flow Control Console 

Date 

15 May 1958 

16 May 1958 

21 May 1958 

23 June 1958 

16 July 1958 

20 June 1958 

1 July 1958 

19 June 1958 

Contmued Human Factors 

Assistance to the 

Clvll Aeronautxs Admmlstratlon 

Contract C13ca-646 

Number Title Date 

Report #21 Selected Alpha-Numerlc Characters 1 July 1958 

for Closed-Clrcult Televls~on Displays 

Memorandum # 1 Design of Alpha-Numerlc Symbols 15 May 1958 

for SPANRAD 
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Number 

Memorandum # 12 

Memorandum # 13 

Memorandum # 14 

Memorandum # 15 

Memorandum # 16 

Memorandum # 17 

Memorandum # 18 

Memorandum # 19 

Memorandum # 20 

Memorandum #21 

Memorandum #22 

Memorandum #23 

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 

Reduction of Specular Glare from 
Displays 

Actlvltles at GPL 21-22 August 1958 

Recommendatmns Durmg the Week of 

9 September 1958 

Recommendations for the AMB Data 

Processmg and Display System Dur- 

mg the Week of 15 September 1958 

Actlvltles Durmg the Week of 6 Oct- 

ober 1958 

An Account of Acceptance Tests on 
the Prototype Model of the Alrcraft 

Armaments, Inc Target Generator 

and Pilot’s Display 

Material 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 

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 
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