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PREFACE 

T he validation tests And analysis described in this re­

port were performed by the System Technology Division, 

Transportation Systems Center (TSC), u. S. Department 

of Transportation. The work was sponsored by the ATC 

Sy�tems Division, Systems Research and Development Ser­

vice, Federal Aviation Administration (FAA). OVer the 

past severa 1 years, the FAA in conjunction wi th 

SRI -Internationa 1 ha s developed computeri zed processes 

for esti'1l�t1ng and meAslJring ATC controller wnT"klnad. 

They are the Relat ive Capacity Estimating Proce ss 

(RECEP) and the Air Tra ffic Flow (ATF) model. This 

work repre.sents the final phase in .the development of 

RECEP and ATF and wa s per formed for the purpose 0 f va 1-

idation of the processes prior to .their IItilization in 

FAA studies. 

Acknowledgement is gi ven to the FAA Project Man�gers, 

W ill1am Petruzel and George Sco tt, who not only dl rect­

ed the project, but also provided l iaison with the var­

ious FAA facilities involved and participated in the 

conduct of fi e Id tests. We a Iso Wish to acknowledge 

the support given by Peter Koval1ck and Ja'l'les Moreland 

of the FAA Air Tr�ffic Service in a rranging the field 

tests with the C hicago Center. 
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The Chicago Center, and particularly Deputy Ch ief Mi­

chael Cil!ncane.1l1, provided invaluable support in the 

c onduc� of field tests. Center facilities. record�. 

and staff su pport were offered qenerously. Five Jour­

neymen controllers, Al Broholm, Terry Anderson, Ron 

Gillette, Berni e MI.ller, and John Vogel. served as 

workpace raters for an entire w eek and gave expert ad­

vice In describing the functions of an air tra1fic con­

tro ller. 

John Slgvydas of t he Boston Center provided assistance 

in t he availability and operl!tion of voice recording 

equipment while John McDade, Development Program Branch 

of the Na.tional AViation Facl 1 1  ties Experimental Center 

CNAFEC). was instrumental In edi tinq digital Systems 

Analysis Recording CSAR) tapes during ·the data reduc­

tion phRse of the project. 

Kentron International limited provided t�e software 

support tor the project. Th is included development of 

computer programs tor processing SAR datI! and modi flca­

tion to the controller workload models. The key per­

sonnel were Dr. John W .  Royal and Herbert W .  Landon. 
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1 • 1 NT R ODUCT ION 

1 . 1 BACKGROUND 

Over the past several y ears the FAA, sponsoring work by 

SRI-International and "tiIlzing TSC technical dlrec-

ticn. has developed f ast-time 'corTIputer models of cOr)-

troller work activities at Air Route Traffic Control 

Centers (ARTCe>. The models are designed t o  provide J 

quanti atLve estimates of controller workload undey 

var oUS system configuration Thus I the mode 1 5 can 

,Tovlde estimates o f  improved controller productivity 

a ttributable to newly-developed equlpf!'lent sets such as 

the Electronic Tabtllar Display Subsystem (ETABS) or to/
. 

revised tre tfic control procedUres. The �odels also 

c�n be used to verify productivity benefits atter new 

c onfigura t1ans have been imolemented. 

Two � omprJter models have been developed. The Relat1.;ve 

Capacity Estimating Process (RECEP) provides a static 

measurement of controller workload as a function of 

trt;l1f1c flow rate through individual sectors. T�e A1T.i 

TraffiC Flow (ATF) model dyna mically Simulates traffic 

tlow along routes throuqh a multi-sector area and pro-

vides a continuous measllre of controller worklo .... d as 

well as aircraft delays, if any. 

1 



Emphasis has been placed on the development of methods 

tor the o tf-line collection and computer processing of 

work act1v1 ty and other data required as inputs to the 

models. This allows field measllrement t o  be taken w1th 

minimum e ffort on Cen ter opera tions. It also provides 

means for processinQ larQe amounts of data rapidly, 

greatly enhancing the utili ty for the models. 

RECEP and ATF models have been created for the Atlanta 

and Miami Centers cased on 11ml ted amountc; of data col-

lected and processed manCially. 

son has been made between 

ETABS operations at Mtflrni. 

1.2 oBJECT! VES 

A. pre 11lTll na ry cornpRr i­

I 
s tenda rd NA.S S.taQe A find 

The fAA has dIrected thRt a tormal validation process 

oe conducted of the models. Therefore an experiment 

was desiQned to Simultaneously measure controller work-

load by the RECEP/ATF process and by 0 thar 

worlcloRd-measurtng techniques. The meAsurements were 

made at the Chic"tgo ARTec under operatloni'\l condl tlor'ls 

in II sectors. Results were then analyzed. The level 

of agreement between RECEP/ATF and the other me"lc;ores 

o t  workload lr'1dlcates the val1dl.ty of the RECEP/ATF mo-

de Is. The purpose of this report 1s to descrIbe .the 

2 



operational tests which were conducted, the sUbsequent 

analysis Which was performed, ar.ld to establish the val­

idi ty 0 t the RECEP and ATF mode 1s. 

1.3 ORGANIZATION OF R EPORT 

Section 2 contains a summary description of the RECEP 

and ATF models. The models have been described repeat­

edly in previous documents (Ref!;. .1, 2). Therefore, 

this section is not intended as an exhaustive descrip­

t ion. Emphasis is placed more on methodology while 

h ighlighting areas where c hanges In the process have 

Deen made as a result of the work described herein. 

Section 3 contains a de!;cription of the operational 

tests performed at the Chlcaqo ARTCC In which simul­

tane(')Us measures of workload were obtained. The sec­

tion also describes the data reduc tion methodologies 

f or the RECEP and ATF models and summa'ri zes the results 

obtained using the models . 

Section .,. contains analys es tha t compare RECEP workload 

with other measures of wor kload. In addition, the ma­

thema.tical relationship of components ot workload, as 

de tined by RECEP. to tra t tic flow and 0 ther measures 0 t 

workload is established. Finally, measures which re-

3 



late to sector capacity are evaluated. 

Section 5 is a summary of the conclusIons whi ch res., It 

from the validation experiment. 

One a ppendix is included. This appendix contains a 

descrIption of a controller survey which was conducted 

to provide various subjective estimates of workload for 

comparison With RECEP workload. 

4 



2. DESCRIPTION 
(RECEP) AND 

OF 
AIR 

RELA'l'IVE CAPACITY 
TRAFFIC FLOW (ATF) 

ESTIMATING 
MODELS 

PROCESS 

2.1 RECEP DESCRIPTION 

RECEP is a procedure for estimating the workload of a 

controller or team of controllers at an Air Route 

Traffic Control Cen te r .  The procedure is applied on a 

sector-by-sector basis and can be used to estimate the 

workload of an individual control position such as the 

radar (R) or the manual ( D )  or combinations of control 

positions w i t h i n  a secto r .  RECEP is in tended to 

measure the primary physical and mental activities 

which a controller performs, and results in a 

quantitative estimate of man-minutes of work performed 

during a spec i f i c  time interval .  RECEP d i v ides 

controller workload into three basic categ o r i e s :  

routine, surveillance, and conflict prevention 

workload. Total workload is the sum of the three. The 

work activi ties within each category and the 

measurement and computation methods are d i scussed in 

the following sec t io n s .  

2.1.1 Routine Workload 

Routine workload consists of the ac t i v i ties 

associated with a ir/ground and inter phone voice 

communications , keyboard operations, and flight 

str ip processing . The RECEP procedure involves 

5 



measur ement of the frequency with which each 

activity is performed within a specified time 

interval . This frequency is multipl ied by the 

average time a controller takes to perform the 

activity. Total routine workload for the time 

interval is the sum of the frequency-time 

products for all activ i ties . The frequency of 

occurrence of an activity will vary from one 

time interval to another and must be measured 

for each interval . Average performance time for 

each activity is considered to be invariant from 

sector to sector and need not be measured 

repeated l y .  

Measuring activity frequencies over many 

intervals for several sectors involves a large 

quantity of d a t a .  previously i t  was necessar y  

to obtain frequency counts by observing 

controller activities and manually tabulating 

counts in real-time. However, TSC has developed 

techniques by whiCh all required data can be 

obta ined from SAR and voice communication tapes 

which record continuously at all Centers . This 

not only eliminates the need to have many 

observers in the operations area , but also 

allows selection of sample intervals after 

traffic levels and other operational cond i t ions 

have been evaluated . 
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For a i r /ground and interphone communication s ,  

the individual ac t i v i t ies correspond to the type 

of message being transmitted or rece ived by the 

controller . Each type of message i s  unique and 

has a spec i f i c  average per formance t i m e .  The 

RECEP d e f i n i t ion of message types i s  adapted 

from a method for categ o r i z ing and coding voice 

messages which has been developed at NAFEC. 

This work is summar ized in Re f .  3. The NAFEC 

coding system iden t i f i e s  25 major types of 

a i r/ground messages, with a more detailed 

breakdown 

breakdown 

messages 

w i t h i n  each type . 

was adopted for 

were categorized 

The more detailed 

RECEP, i n  that 

not only by general 

functional type , but also with regard to whether 

the message conveyed information ( e . g . ,  

clearances, advisories, and instructions ) ,  asked 

a question, restated previously communicated 

information, or acknowledged the receipt of 

information. These d ist inctions were made both 

for a ir/ground and inter phone commmunications 

(NAFEC recently began applying the a i r/ground 

codes to 

published 

interphone messages, al though no 

results a r e  available at present ) .  

Another d istinction made j ust for a i r/ground 

communications is whether the message was 

tr ansm i t ted by the R controller (controller 

7 



speaking) or by a pilot (controller l istening ) . 

For in terpnone communications, i t  was not 

possiole to reliably discriminate whether a 

message was spoken by the controller in the 

studied sector or in another sector. I n  

general ,  the frequency counts derived for RECEP 

are only for commun icat ions that involved the 

exchange of i nformation . Because information 

exchange requires some amount of mental work , 

the frequency counts provide an index of 

workload. Brief acknowledgements , such as 

RRoger , R  and "Wi lco , R  and salutary messages, 

such as "Have a good d a y , "  were thus excluded. 

Average performance times for each a i r/ground 

message type have been obtained from a large 

volume of communicat ions data collected at the 

New York Common IFR Room by Princeton University 

under FAA sponsorship and contained in Ref .  4 .  

These values are in reasonable agreement with 

a i r/ground message durations measured a t  the Los 

Angeles Center by SRI-International (Re f .  2) on 

a smaller volume of data . A large data bank for 

i nterphone performance times does not e x i s t .  

For RECEP, a nominal value of f i v e  seconds i s  

used for a l l  inter phone message types. This 

value is i n  close agreement with the message 

durations measured by SRI-International at Los 
8 



• 

Angeles and w i th the mean message duration 

obtained through an analysis of 24 hours of 

interphone commun ications from 

Center tests described her ein . 

the Chicago 

Table 2-1 is a l i sting of the 25 message types 

including average performance times both for the 

controller transmitting and receiving. 

Keyboard operations a r e  performed by the 

controller for the purpose of computer data 

entr y .  As in the case of voice communications, 

i n d i v idual a c t i v i t ie s  are defined which 

correspond to the type of message being entered 

into the computer . Keyboard entries for all 

control posit ions are recorded on the SAR tapes. 

TSC has developed procedures to extract t h i s  

data from SAR and to code and tabulate message 

frequencies by type. A total of 19 unique 

message types are identified plus an naIl other" 

category. Performance times for each message 

type are taken from the stopwatch measurements 

done by SRI-International at the Los Angeles 

Center . Although there is not an exact 

one-to-one corr espondence between message types 

as d e f i ned by SRI-International and by TSC in 

the current RECEP model , there is enough 

similar i t y  to assure a high degree of validity 
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TABLE 2-1. AIR/GROUND MESSAGE TYPES AND PERFORMANCE TIMES 

MESSAGE TYPE PERFORMANCE TIME (SECONDS)  

TRANSMITTING RECEIVING 

A/C Vectoring/Heading 2.9 2.4 
Ale Holding 4.6 2.4 
Altitude Control 3. 0 2.9 
Speed Control 2.9 2.3 
Clearance wlo Holding 3.1 2.7 
Clearance with Holding 4.2 4.8 
Clearance Delivery - Air Filea 4.6 4.8 
Clearance Delivery - Flight Plana 4.6 4.8 
Call-Up 1.6 2.1 
Beacon (Nondiscrete) Control 2.9 2. 0 
Handoff/Frequency Change 3.7 2.2 
Beacon (Discrete) Code 3.3 2.3 
Mode e Altitude Report 2.9 2.0 
Ale Position Report 3.0 2.6 
Alc Altitude Report 2. 0 2.6 
Heading and Speed Report 2.3 2.S 
Aircraft Ident ification 2.3 1.8 
Facility Report 3.4 3.0 
A/C Traffic Advisory 4.9 2.4 
AlC Status 2.6 1.9 
General Weather 4.4 2.3 
Airport/Facility Status 4.3 2.3 
Specific WeatherlFlight Conditions 2.7 3.7 
Altimeter Setting 3.6 2.0 
Approach/Departure Information 3.9 2.4 
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in the values assigned . Table 2-2 l ists the 2e 

message types and associated performance times. 

F l i g h t  s t r ip a c t i v i ties comp r i s e  the remaining 

portion of routine workload. The activities 

consist primar i l y  of marking the f l ight strips 

to record the occurrence of a spec i f i c  control 

event. 

of a 

One exception to this is the preparation 

new f l ight s t r i p ,  usually by the 0 

control ler , i n  response to an a i r c r a f t  

requesting IFR status a f t e r  becoming a i r borne 

(pop-up a i r c raft) . Thi r teen a c t i v i t i e s  have 

been ident i f ied , each having a spe c i f ic 

per formance time . Aga i n ,  the performance times 

are taken from the SRI-International 

measurements from 

Obtaining frequency 

activities is the 

the Los Angeles Center . 

counts for flight s t r ip 

only case in estimating 

workload where the data cannot be extracted 

d irectly from SAR or voice tapes. However , 

fl ight s t r ip markings are made in response to 

spec i f i c  control events that are recorded e i ther 

by particular voice messag e s ,  keyboard 

operat ions , or SAR t r a f f i c  counts. The r e f o r e ,  

f l ight s t r ip fr equency counts a r e  obtained by 

inference from these other sources. Table 2-3 

l i sts the 13 f l ig h t  str ip a c t i v i t i e s ,  the 

performance t ime associated with each, and the 
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TABLE 2-2 . KEYBOARD MESSAGE TYPES AND PERFORMANCE TIM ES 

MESSAGE PERFORMANCE TIME (SECONDS) 

. 

Handoff Acceptance 2.0 

Handoff Init iation - Manual 3.0 

FIt Data Altitude Insert 3.0 

FIt Data Altitude Amendment 3.0 

FIt Data Code Update 3.0 

FIt Data Route Amendment 10.0 

Printout-Data Block Suppression 3.0 

Pointout Initiation 3.0 

Data Block/Leader Offset 2.0 
, 

Data Block Forcing Removal 3.0 

Altitude Limits Change 2.0 

Flight Plan/Track Removal 2.0 

Flight Plan Readout 3.0 

Track/Route Display 3.0 

FIt Data Update 3.0 

Wind/Weather Request 3.0 

FIt Strip Request 3.0 

Miscellaneous Amendments 3.0 

Track Initiation 3.0 

Other Messages 3.0 

1 2  
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TABLE 2-3 . FLIGHT STRIP ACTIV ITIES, PERFORMANCE TIMES , AND 

FREQUENCY COUNT SOURCES 

PERFORMANCE FREQUENCY COUNT 
ACTIVITY TIME (SECONDS) SOURCE 

. * 
Prep New Flt Strip 10 Offline Est�te 

Handoff Initiation/Freq 2 Controller Air/Ground 
Change Instruction 

Bandoff Acceptance/ 2 SAR Traffic Count 
Pilot Call-in 

Flt Data Altitude Insert 2 Keyboard 

Flt Data Code Amend 2 Keyboard 

Vector/Heading Control 2 Controller Air/Ground 

Altitude Control 2 Controller Air/Ground 

Speed Control 2 Controller Air/Ground 

Clearance/Air Filed 2 Controller Air/Ground 

Clearance/Grd Filed 2 Interphone 

Altitude Report 2 Pilot Air/Ground 

Heading/Speed Report 2 Pilot Air/Ground 

Altimeter Set Instruction 1 Controller Air/Ground 

*
The freqUenc; of new flight strip preparations is based on average values 

obtained by direct observat ion of controller activities at the Los Angeles 
Center. It is assumed that the D-Controller performs this task. 
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source f r om which the frequency count is 

inferred . 

2. 1 . 2  Surveillance Workload 

Surveillance workload is the process of scanning 

the PVD to retain a mental picture of the 

t r a f f i c  situation. SRI-International , in tests 

at the Los Angeles Center , conducted controller 

interviews using video tape playbacks of actual 

t r a f f i c  situations to determine the amount of 

time spent on this tas k .  On a n  average, the 

controller is l i kely to look at an a i r c r aft's 

data d i splay once every minute with a dwell time 

of between 1.0 and 1.5 seconds per a i r c r a f t .  

Therefore, a workload value o f  1.25 seconds per 

a i r cr aft-minute is used'. . This value is applied 

to the total time an a i r c r a ft full data block 

symbol appears on the PVD, and to all a i r c r a ft 

being observed--not just a i r c r a ft unaer the 

sector j ur isdiction--on the assumption that a 

controller d i splays a i r c r a ft symbols only i f  

they a r e  of concer n .  SAR data provides a n  exact 

count of the number of minutes each symbol is 

d i splayed dur ing a spec i f i c  time interva l .  
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2.1.3 Confl ict Prevention Wor kload 

Conflict prevention wor kload represents the time 

spent in detecting potential confl icts 

(violation of minimum separation ) , assess ing the 

s i tuation , and taking cor rective action . In 

general , two types of potential confl icts can 

occur : cross ing confl icts where the projected 

fl ight paths of two aircraft inter sect with less 

than minimum altitude separ ation , and over taking 

confl icts where aircraf� are on the same fl ight 

path at d i fferent speeds . 

General equations for 

number of confl icts 

have been der ived by 

Dunlay ( Re f .  6 ) . 

estimating the expected 

per spec ific time per iod 

Sidd iqee ( Re f .  5) and 

The equation used in this  

study for the expected number s of crossing 

confl ic ts per unit time per iod at the 

inter section of two fl ight paths i s :  

C = 

2 fl £2 x .J v�+ v� 
where 

C is  the expected number of confl icts per 

'unit time per iod J 

f1 and f2 are the flow of a ircraft along 
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fl ight paths 1 and 2 respectively ( aircraft per 

t ime per iod ) , 

�'l and V2 are the average g round speeds of 

aircraft along fl ight paths l and 2 r espectively 

( nautical miles per time per iod ) , 

a is  the ang le of inter section between the 

two flight paths1 

X is the separation minimum ( nautical 

miles ) . 

The equation used 

number of over takes 
n-l 

o =L 
U+x) fi 

v. 1. 

to determine 

along a fl ight 

n 

L 
fk 

Vk i=l 
where 

k=i+l 

the expected 

path is : 

(Vi - Vk) (2) 

B is the expec ted number of over takes per 

unit time per iod1 

n is the number of d iscrete speed classes 

along the route1 

f1 and fk are the flow of aircraft at the 

. ith and kth speed classes r espectively ( nautical 
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miles per time per iod ) , 

Vi and Vk are the average ground speeds of 

the ith and kth speed classes respectively 

( nautical miles per time per iod ) , 

X is  the separation minimum 

miles ) . 

( nautical 

The crossing confl ict equation was der ived on 

the assumption that the fl ight paths wer e  both 

level . In pr actice , the fl ight path angles of 

transitional aircraft in an enroute sector are 

small . Therefore , the above confl ict equation 

can be used for tr ansitional as well as level 

flight paths . 

Potential confl icts ex ist when two or more 

fl ight paths merge into one . It can be shown 

that the cross ing confl ict equation is an 

excellent approx imation for the expected number 

of confl icts due to the merg ing of fl ight paths . 

The above approx imations are in agreement with 

previous wor k .  I n  Append ix D o f  Ref .  1 ,  S . R. I .  

states that the level-level crossing equation 

should be used for the above two case s .  
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Another type of potential confl ict is  the 

altitude inter section of two fl ight paths along 

the same g round tr ac k .  A form of the c rossing 

conflict equation could be appl ied to this case 

( Ref . 1 ) . However , since the angle between the 

two fl ight paths is small , the over take equation 

will be used . This is  in agreement with S . R. I . 

Atl anta case study (Ref . 7) . 

The l ast type of potential confl ict analyzed was 

the case of two aircraft heading toward each 

other . In this  case , the expected number of 

potential confl icts was considered 1 . 8 . 

Utilizing the above equations and assumptions , 

the method of computing confl ict prevention 

wor kload for a spec ific time interval is  

discussed in the following par agraphs . 

For each sector , many samples of traffic flow 

are obtained from SAR data . A fifteen-minute 

sample interval is used because thi s  value 

approximates the average sector fl ight time . 

Therefore,  the number o f  a ircraft enter ing the 

sector can be directly equated to flow rate .  

The fl ight path o f  each aircraft is  

reconstructed from SAR data and the paths are 

analyzed for potential conflict po ints . The 

probabil ity of aircraft actually being in 
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conflict is then computed based on previously 

delineated c r ite r i a .  A workload value t� 

resolve confl icts is obtainea by multiplying the 

number of probable confl icts y an average time, 

to resolve conflicts. A value of 60 seconds and/ 

40 seconds i s  used for crossing conflicts and t 

overtaking conflicts , respectively (Ref. 1). 

Thus for each sample, a data point is obtained 

which r e l ates conflict workload to the number o f  

a i r c r a f t .  Based o n  many sample data points, a 

unction defining workload versus a i r craft is 

obtained. This function typically takes the 

form of a quadrati c :  

where 

= 

Ws B conflict prevention workload 

expressed in man-minutes per 

sample interval 

C = a constant in units of 

man-minutes per sample 

interval per (a ircraft)2 

Ns a number of a i r craft 

(3) 

The slope of the quadratic function (C) derived 
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from sampled data is  then used to compute 

wor kload for any speci f ied time inter val : 

where 

Wc = PI CN2 

� 
W = confl ict prevention wor kload c 

expressed in man-minutes 

per time interval 

PI 
= duration of time interval in 

minutes 

Ps = duration of sample interval 

in minutes 

N = mean number of a ircraft under 

control 

(4 ) 

An example of confl ict prevention wor kload 

calculations i s  contained in Section 3 . 6 .  

2. 2 ATF DESCRIPTION 

ATF is  a compute�i zed fast-time simulation of a ir craft 

flow along defined routes within a multisector area of 

an ARTCC . ATF can be used to simulate tr affic flow 

with in an ind ividual sec tor or an entire Center. 

Typically , an area of from 1 0  to 1 2  contiguous sectors 
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is  s imulated . An empir ical traffic sample , in the 

order of s ix to e ight hours ,  i s  used to define a route 

str ucture and tr affic flow along each route for the 

enti r e  area . Routes are divided into arcs wh ich 

correspond to the segment of the route traversing. an 

individual sector . Aircraft are sequenced along a 

route from sector to sector based on average arc 

tr ansit times . Sequencing is per formed minute by 

minute . 

Wor kload is computed for each sector minute by minute 

using the following relationship ( Re f .  1 ) : 

where 

W 
L 

= K 
l

N + K 2N 2 

W :: wor kload in man-seconds 
L 

per computation interval 

K a coeffic ient in man-seconds 1 

:: 

per computation interval 

per aircraft 

coefficient in  man-seconds 

per computation interval 

per ( aircraft)2 

N = number o f  aircr aft in sector 

(5) 

Coefficients are determined by measur ing total RECEP 

wor kload over many sample interval s and , by 

curve-fi tting , der iving a second order function of 

wor kload ver sus airc raft . The form of the function 
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assumes that r outine and surveillance wor kload vary 

l inearly with aircraft , that conflict wor kload var ies 

as the square of aircraft , and that there is zero 

wor kload with zero traffic . 

A wor kload l imit is  assigned to each sector . ATF has 

look-ahead capabil ity to sense when satur ation is about 

to occur . Under this  condition , aircraft are delayed 

from enter ing the sector until the satur ation is  

r el ieved . Traffic can be ar tific ally increased in  

order to investigate saturation conditions within the 

area . 

Output measures of the ATF model are wor kload for each 

sector and aircraft flow rate and delays either by 

route or sector . Output measures can be summed or 

averaged for speci fic time intervals .  

The pr imary uses of the ATF 

system delay char acter istics 

model 

under 

are in measur ing 

al ternate system 

wor kload over conf igurations and in evaluating sector 

long per iods of time and varying traffic conditions . 

2.3 SUMMARY OF CHANGES TO RECEP/ATF 

Over the past several year s ,  SRI-International , under 

FAA sponsorship,  has developed the RECEP/ATF process 

and appl ied it  in several FAA s tudies . Numerous 

desc r iptive r epor ts have been generated and have 
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received wide c irculation. In conducting the Chicago 

ARTCC validation tests descr ibed her e i n ,  TSC has made 

ref inements to the process. This section contains a 

b r i e f  review of those r e f inements for the purpose of 

calling attention to those areas where previous 

concepts ,  perhaps f i rmly established , do not appl y .  

2.3.1 D e f i n i tion of Routine Workload Act i v i t ies 

In the past, the subdivision of routine workload 

into individual activit ies was done on a 

functional bas i s .  There was no requirement that 

the a c t i v i t i e s  correspond to a previously 

d e f i ned coding system. TSC, howeve r ,  i n  

developing automated SAR data extraction 

programs and in adopting the NAFEC voice coding 

system was forced to deviate sl ightly from 

previous d e f i n i tions of a c t i v i t i e s .  The sum 

total of a l l  a c t i v ities s t i l l  accounts for total 

routine workload , however . I n  add i t ion , 

previous RECEP models have i n c l uded 

component of routine workload the time spent i n  

d i r e c t  face-to-face conversations betwee � 

controllers. TSC has e l iminated d i re c t  voice as 

a workload component on the basis that these 

conversations are for the o f  

ver i fication and coordination and do not add 

fundamentally to the workload . 
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2.3. 2 Activity Per formance Times 

Activity per formance times wer e  previously 

defined by SRI-International in terms of the 

minimum t ime r equired to per form an activity . 

In the present RECEP model , average times based 

on a large sample of data are used for voice 

communications activities , but minimum times 

obtained from SRI-International repor ts are used 

for the other rout ine activities , namely , 

keyboard entry actions and fl ight str ip 

operat ions . It is  suspected that average 

activity durat ions more accurately reflect 

differences between control activities than 

min imum durations do . In the large sample of 

voice communications data (Re f .  "4), the minimum 

durations of many different message types are 

approx imately equal , all on the order of one 

second , however , the average durations for 

those different messag e types differ . It is  

notewor thy that the average durations of voice 

messages in those large samples are on the same 

order of magni tude as the minimum times that are 

repor ted or evident ( through subd ivision of 

voice communications tiansactions into the ir 

component messages) in the wor k  by 

SRI-International . The agreement is  probably 

due to the fact that SR�'s minima wer e  drawn 
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from r elatively small samples of data . 

Increas ing the sample s i ze would have increased 

the oppor tunity for observing the very shor t 

( low probabil ity )  minimum dur ations that are 

actually seen in large sample s .  The minimum 

t imes r epor ted by SRI-International for the 

o ther routine activities , keyboard entr ies and 

str ip operations , might also prove to be 

approx imately equal to the average dur ations in 

large samples of activity data , which are now 

unavailable . Accordingly , the wor k ing 

hypothesis is that all the per formance times 

used for the present ver s ion of RECEP--both the 

large sample averag es for voice communications , 

and the small sample minima for other 

activities--are average durations . 

2. 3. 3 Surveillance Wor kload 

In previous vers ions of RECEP,  the R 

controller.' s surve illance wor kload was based on 

the average number of minutes that all aircraft 

were under the j ur isdiction of a sector . This 

average sector fl ight time was used to estimate 

the average surve illance wor kload . This 

approach has two difficul ties .  First ,  R 

controller s often monitor aircraft that are not 

under their j ur isdiction . The airspace is a 
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continuous volume, and controllers are a l e r t  to 

traffic near the borders of the airspace over 

which they have j u r isdiction . Secondl y ,  

surveillance workload varies from one time 

interval to anothe r .  This variability snould be 

measured when comparing RECEP workload to 

workpace ratings taken every five minutes. 

Since the ratings vary over time , the measure o f  

RECEP workload should be capable of analogous 

variations. Whether the two measures o f  

workload vary i n  time together to a n  appreciable 

degree is one of the questions that bears on the 

validity of RECEP workload measure s .  

Therefore, in the present version o f  RECEP, the 

R controller ' s  surveillance workload is based on 

the average number of airc�aft full data blocks 

tha ar� displayed a the same time on the 

secto s ' s plan View Displ ay . These data blocks 

represent aircraft that are under the sector ' s  

j ur isdiction, pointed out to the sector by 

controllers in another sector , or selected for 

display ( Le . ,  "forced " )  by the controllers in 

the sec tor . The number of aircraft 

simultaneously displayed is sampled once every 

five minute s ,  and the average number is 

calculated for three successive fi ve-minute 

intervals to give the IS-minute value . This 
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sampl ing procedure is  analogous to the one used 

for wor kpace ratings , that is , a r ating once 

every f ive minutes , and l S-minute aver ages based 

on three successive r atings . 

2.3.4 Sector Capacity/wor kload Limit 

Past RECEP model s  included the concept that each 

sector is  l imited in tr affic capac ity , expressed 

in aircraft per hour , which corresponds to an 

upper l imit in the wor kload a controller can 

per form . 

be 48 

Values of  wor kload l imit wer e  found to 

man-minutes per hour for a Radar 

Controller and 66 man-minutes per hour for a 

combined Radar/Manual Controller team in several 

sector s evaluated at the Los Angeles Center . 

Several aspects of this  concept are now being 

questioned as a result of the wor k  per formed at 

the Ch icago Center . First , contr oller s 

apparently do not think of  tr affic capaci ty or 

wor kload in hour ly terms . Aircraft 

s imul taneously under control is  more mean ingful 

and would serve as a better definition of 

capacity conditions . Secondly , dur ing the 

Ch icago tests , several sector s wer e  operating at 

. capac ity conditions ( as defined by "very heavy" 

wor kpace rating s )  for per iods of f ive minutes or 

more . The RECEP wor kload values for these 
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per iods , however , var ied from sector to sector . 

It  i s  therefore questionable that one wor kload 

value such as 48 man-minutes per hour can be 

used to def ine a l im i t  for all sectors . 

F inally , the absolute values of 4 8  and 66  

man-minutes per hour appear to be low. Dur ing 

the tests at the Chicago Center descr ibed 

herein , there  wer e  numerous incidents o f  

wor kload as computed by RECEP exceeding 15 

man-minutes dur ing a lS-minute t ime i nterval . 

Admi ttedly , the tests were conducted at the 

busiest Center in the country and only busy 

hours  wer e  selected . The fact i s ,  however , that 

RECEP measures the t ime spent on activities 

which may be per formed s imultaneously , thus 

making it poss ible to exceed 188 % of the total 

t ime available . Express ing wor kload in units o f  

man-minutes is more a measur e of the busyness of 

a controller r ather than an absolute measure of 

wor king time ver sus idle t ime . 

2.3.5 Sample Interval Dur at ion 

In the past , RECEP wor kload values and ATF 

coeffic ients wer e  computed from data combined 

over one-hour obser vation intervals .  A sho r ter  

sample provides more accur ate wor kload data for 

several reasons . F i r st , more frequent sampl ing 
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gives a truer indication of workload variation 

over time. This is the reason hy , workpace 

r a tings are ordinaLily made once every 5 or 0 

minutes during FAA studies. Second , in the case 

of conf l i c t  prevention workload , sampling on an 

hourly basis in order to compute conf l i c t  

probability results in an er roneously high 

value . The overestimation occurs because 

a ircraft a r e  t r e a ted as if they a r e  in the 

sector at the same time , when the a i r craft are 

actually separated in time by as much as three 

sector f l ight times , and therefore cannot 

interact with each other . A sample interval of I 

15 minutes has been selected for the present 

work �cause i t  a"pproximates the ave"rage s"ector 

f l ight ti.me oVer all ector s ,  has a greater 

capability than 60 minutes for reflecting 

workload v a r i a t i ons , and is s t i l l  consistent 

with practical constr aints on data reduction and 

analys i s .  

2.3.6 Measurement of Aircraft Flow 

In determining the constant coeff i c ients in the 

ATF equation for computing workload , total RECEP 

workload is measured for many sample intervals 

and , by curve-fitting, a function of workload 

versus a ircraft is der ived . 
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tr affic flow r ate (TFR) has been used as the 

measure of the number of aircraft in the sample. 

TFR i s  defined e i ther as aircraft entering plus 

a ircraft ex iting d ivided by two or , s imply , as 

a ircraft enter ing d ur ing the time interval . 

However , in the ATF model , wor kload is 

determined by multiplying the coeffic ients by 

the number of aircraft in the sector our ing each 

computation interval. TFR is  not the same 

quantity as  aircraft in the sector and an 

erroneous wor kload value results. The mean 

number of  a ircraft under control (AOC ) dur ing 

each sample interval is a more accurate measure 

of  the number of  aircraft in the sector and is 

analogous to the aircraft flow parameter used in 

the ATF model. The curr ent RECEP model uses AUC 

as the measure of  aircraft flow. 
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3 .  VALIDATION FIELD TEST AND DATA REDUCTION 

RECEP and ATF have the ir greatest value for evaluat ing 

controller wor kload at high traffic level s .  It is for 

h igh traffic levels that improvements to the ATC system 

have been designed , in order to reduce the wor kload of 

controller s per aircraft , and so permi t controllers to 

safely handle more aircraf t .  Because the study to 

val idate the RECEP/ATF model s  should be conducted in 

sector s where reasonably high traffic levels could be 

expected often , the Chicago Center was selec ted . Daily 

tr affic counts for the Center for the year 1977 wer e  

reviewed and from th is a test per iod from 2/28/78 to 

3/3/7 8 was selected where higher than aver age traffic 

could be expected . By choosing the busiest hour s 

with in this  per iod , it  was fel t  that a reasonable 

number of very high tr affic samples would be obtained . 

The Center was most cooperative in schedul ing the tests 

and supplying the necessary staff suppor t  and 

fac il ities . 

3 . 1  CHICAGO CENTER OPERATIONAL ASPECTS 

In der iving RECEP and ATF models of controller 

operational wor kload , 

env ironment 

below . 

cer tain 

are of 

aspects 

interes t .  
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The Chicago Center has approx imately 48 active sectors 

which operate individually dur ing the day and evening 

shi fts . Some are combined dur ing the mid-sh i ft . The 

sector s are d ivided into seven areas of  spec ial i zation . 

Controller s are qual ified to wor k  any sector within an 

area . The layout of  the sector s  is centered around 

O ' Hare Airpor t .  There ar e al ternately four arr ival and 

four depar ture sec tors al igned on the maj or points of 

the compass . Most �' Hare traffic is fed directly from 

or to eight high alti tude sectors which are also 

al ig ned r adially . There are approx imately 28 outlying 

low alti tude sectors and three super high sectors which 

pr imar ily handle enroute tr affic . 

In plann ing an ATF model of a portion of the Chicago 

Center , it  was desir able to select contiguous secto r s  

arr anged to contain continuous flows o f  traffic . 

Eleven sec tors  west of O ' Hare were chosen . These 

include the West Departure sec tor and Farmm and Va ins , 

the nor thwest and southwest arr ival secto r s ,  

respectively . Al so included are the four western high 

altitude sector s ,  Dubuque , Iowa , Bradford and Jo1 iet J 

one superhigh sec tor , McCook , wh ich ov�r1ays Iowa , 

Bradford and much of Jo1 iet J  and three underlying low 

alti tude sectors , 'Rockford , Mol ine and Peor ia . These 

1 1  sectors account for 38 % of the Cente r  tr affic and 

contain all of the O ' Hare ar r ivals and depar tures to 

the west . The areas involved are West Terminal , West 
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High Al titude , and West Low Al titud e .  

Tr affic a t  the Chicago Center is qui te heavy from 7 AM 

to 7 PM . Peak loads occur throughout the day .  

Pronounced peaks r egularly occur a t  about 9 AM , 1 PM , 3 

PM , and 5 PM . In order to consol idate the hour s  of  

data-taking and other activitie s ,  the per iod from noon 

to 5 PM was designated as the test per iod . Within that 

per iod , ind ividual hour s wer e  selected for data 

reduction and analys is after tr affic levels and other 

consider ations had been evaluated . 

The controller team composition within  sector s normally 

includes a Radar (R) Controller and Manual ( D )  

Controller . I n  add ition , coord inators are assigned to 

coord inate tr affic flow between several sector s .  As an 

example ,  one coord inator may wor k  between an arr ival 

sector and the several secto r s  which feed i t .  

Assistant ( A )  Controllers prepare and distr ibute fl ight 

str ips to the appropr iate sector s .  One A-Controller 

normally serv ices an entire area . Handoff ( H )  

Controllers a r e  sometimes ass igned to a sector team 

under extremely busy condi tions . The function of the 

H-Controller is to assist the team in coord inat ion , 

keyboard entr ies , and interphone . 

computer 

Ald2 . 4 . 

At the time of the val idation tests , the 9828 

software ver s ion in effect was NAS Stage 

Controller wor kload models der ived dur ing these tests 
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would be val id for most software vers ions being used in 

the field . However ,  if the system configuration wer e  

changed s ignificantly , the models would r equ i r e  

amendment .  

3 . 2  CONDUCT OF TESTS 

The pr imary obj ective of the validation tests was to 

obta in a compar ison of controller wor kload as measured 

by RECEP with other measures of wor kload for the 

purpose of val idating the RECEP process . Two other 

measures wer e  used : wor kpace r atings and a subjective 

r ating of wor kload obtained by a survey of controller s .  

The general approach followed was to gather RECEP and 

wor kpace data over a four -day per iod while moni to r ing 

test cond itions and then selecting specific t ime 

intervals on which to base the compar ison . All 

measures of wor kload were for the R-Controller position 

wh ich has the heav iest wor kload and is the most 

c r itical in defining sector capac ity .  

As stated previously all data required for RECEP and 

ATF modell ing are gather ed continuously offl ine on SAR 

and voice tapes . However , for the purpose of the 

val idation tests , it was desir able that all - test 

intervals selected reflect a un iform set of test 

cond ition s .  Ther efore ,  two observer s wer e  present i n  

the operations area dur ing all test per iods t o  monitor  
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test conditions at the 11 sectors. Control team 

composition was o f  primary interest. If the 

R-Controller was assisted by an H-Controller , these 

periods were r e j ected because in reducing taped data it 

was not possible to distinguish between the R and H 

work contributions. In addition, if the R-Controller 

was also working the 0 position, this was noted because 

additional data channels would then be searched in 

computing workload . Periods which involved unusual 

traffic conditions such as holding patterns or t 

rerouting of traffic due to changes in active runways 

a 'Hare wer noted and r e j e c ted as test intervals. 

Test intervals were also based on uniform weather 

conditions as far as possible .  

workpace rati 9 is a technique used by the FAA to 

estimate workload leve l .  A peer jour neyman controller 

observes the work activities o f  a controller on ducy 

and subjectively rates the work level on a seven-poin� 

scale ranging from �very light" to "very heavy . "  I 

Ratings are made a t  five-minute intervals and can be 

continued for a period of one hour or mor e .  Table 3-1 

contains a list of various r a tings and a de finition of 

each. From the 11 sectors being modeled, five of the 

busiest were chosen for workpace ratings. They are 

Vains, Farmm, Molin e ,  Peoria , and Bradford . Volunteers 

served as workpace raters for sectors in which they 

were qualifed , with two raters alternating between 
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TABLE 3 -1 .  WORK PACE DEFINITIONS 

o Very Light Workload (VL) . A "VL" rating should be assigned when the Workpace 
level is so low that relatively lit t le at tention has to be paid to the posi­
tion o f  operation. Minimal exertion is required . 

o Light Workload ( L ) . An "L" rating should be assigned when the Workpace is 
such that more than minima l exertion is required , but the complexity of 
situations is such to only engage the control ler ' s  complete at tention 
periodically . There are no complex control situations . 

o Average Workload ( A) . An "A" should be assigned when the situation c om­
plexity requires almost ful l-time a ttention o f  the controller . The work load 
is evenly distributed and places no unusua l demand upon the controller .  
This pace could be maintained up t o  an 8-hour period with normal relie f .  

- Gradient . A- should be assigned when significant ly less than ful l 
at tentiveness is required at the position ; the demands placed upon the 
controller are sligh t ly less than one could expect at average .  Infrequent 
periods of inactivity occur .  

+ Gradient . A+ should be assigned when the demands are slightly greater 
than A . ·  Rare periods of inac tivity , ful l  at tentiveness to the position is 
required . A control ler could be expected to work a t  this pace up to six 
hours with normal relie f .  

o Heavy Workload ( H ) . An "H" rating sh ould be assigned when the complexity 
and exertion required to cope with the situa tion necessitate rapid deci­
sions ; there is constant operational activity . Demands placed upon the 
control ler exceed th ose of a normal pace . A controller c ould be expec ted 
to securely deal with this level of work for up to 3 hours . 

o Ver)' Heavy ( VH) . A "VH" should' be assigned when there is continuous ,.  
l aborious ac tivity ;  superior exertion is required and the rapidity of 
response and thinking processes are critical . There are delays in 
acknowledging demands placed upon the position . A control ler would be 
"pushed II to maint ain this pace for I hour . 
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Vains and Farmm and two between Peoria and Mol ine . A 

single rater made a l l  observations for Brad ford . 

Rat · n  w,e r  rna e fOT t ree one-hou per iOCl' '''- "n-'''''ef1 of 

the Eour;w;-d- s .  The ratings were converted to a 

numer ical scale from I to 7 and ratings for three 

successive five-minute periods were summed and averaged 

to obtain a mean value of workpace for each IS-minute 

per iod . From this total set of workpace data, 24 

IS-minute periods per sector were later selected as 

test intervals for compar ison with RECEP. The 

selection was based on high workpace ratings and on 

satisfying uniform test cond i t i o n s .  I t  should b e  noted 

that one day was spent prior to the beginning of 

testing familiarizing the raters with the workpace 

technique and in tr ial runs . 

Our ing the four -day test per iod " #,,,,,U>tl:jQl! I):t�ews 

were conducted with volunteer controllers u s i ng 

questionnaires designed �e:s:ti.:l!@:.� w.Q:ltkloaJ i:eV@'"�s in 

the 11 sector s .  Controllers were asked to rate only 

those sectors i n  their area of spec ialization.  Five 

controllers in each of the three areas partic ipated . 

Three questionnaire forms were used . The f ir st 

provided a l is t ing of £- at:i:ve secto if.f.-ic_u� within 

an area based on a seven-point scale ranging from 

Heasiest to controlH to nmost d i f f i c u l t  to controln 

dur ing typical busy per iod s .  The second form provided 

an estimate of the �a* ia:lWllysec.tGr.yi:.8U=i5ecap'ac J tyri" 
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The questionnaire o r ig inally asked for an hourly 

maximum capacity estimate. However , controllers are 

better able to est imate maximum simultaneous a i r c r a f t .  

Therefore , the latter is the estimate obtained from the 

interviews. The third questionnaire form provided 

r.:;e"r.e"n"-"'p"o""::;n="w"o= t'- ·�p.. c est lin _t v e_ cs«u"s"''''''h�.;:IIlI!in ;;um:;:;:b::';. r, 

a 

si:m ulta eou A:irc't..a:f-t unde ); con't::r..ol ang l-og '0 

"iV:'e:LY: -i he" t ·-1re:t::y: ne.aJty" . The ratings obtained 

from these interv iews were used in the RECEP validation 

analysis d iscussed in Section 4 .  The Appendix contains 

a description of the interview process and examples of 

the questionnaire forms. 

3 . 3  RECEP/ATF DATA REDUCTION METHODOLOGY 

SAR tapes run continuously collecting dig ital data on 

Center operations for all sector s .  Because of the high 

volume of t r a f f i c  at Chicago, each tape contains only 

1 5  minutes of d a t a .  SAR tapes f o r  the test per iod , 

noon to 5 PM , for each of four days were sh ipped to 

Code ARD- 1 4 1 ,  NAFEC , where a DART editing and 

cataloging operation was per formed 

tapes of a DART LOG data base . 

then shipped to TSC. TSC has 

to provide ed i t  

The ed i t  tapes were 

developed FORTRAN 

computer programs which extract spec i fic information 

from the e d i t  tapes required for RECEP and ATF 

mOdelling . The programs a r e  run on an IBM-360 machine 

which is compatible in language and symbology with the 
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9020 computer s used in the f ield and at NAFEC . Table 

3-2 conta ins a l is t ing of the RECEP/ATF par ameter s 

which are der ived from the SAR data . Where appl icable , 

the par ameter s  are seg regated by sector and by test 

interval . The prog rams also provide hour ly summations 

of appropr iate par ameter s .  

vo ice tapes also r un continuously r ecording air/ground 

and interphone communications for all control pos i tions 

wi th in all sectors.  Each tape contains 16  hours of 

communication . vo ice tapes for the four 

test ing wer e  taken to the Boston Center where 

days of 

playback 

tapes were made for the test intervals selected for 

each of the 11  test sector s .  A typewr i tten 

transcr iption was made from the pl ayback tapes . Each 

message was then coded in accordance with the l ist 

contained in Table 2-1 and frequency counts of message 

types were tabul ated for each test interval . 

Vo ice messages for the Radar posi tion in the Farmm 

sec tor wer e  not obtained due to a malfunction in the 

recorder at the Center . As a resul t ,  routine wor kload 

could not be est imated based on d irect measurements . 

Thi s  problem was circumvented by comput ing the average 

routine wor kload per a ircraft in the vains sector and 

applying i t  to the traffic in Farmm . Vains and Farmm 

ar. very s imilar in function , operations , and traffic 

char acter istics . 
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TABLE 3-2 . RECEP/ATF PARAMETERS DERIVED FROM SAR 

1 .  Position and speed history of all aircraft .  

2 .  Jurisdictional control history o f  all aircraf t .  

3 .  Jurisd iction Times o f  all aircraft within each sector . 

4 .  Average sector jurisdiction T�es (sector flight t�e) . 

s. Time under surveillance of all aircraft within each sector . 

6. Average sector surveillance Times . 

7 .  Number of aircraft under control within each sector. 

8 .  Number o f  aircraft under surveillance within each sector • 

• 9. Average route and arc transit Times. 

10. Number of aircraft on each route and arc . 

11. Coded keyboard activity frequency counts by control position. 
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3 . 4  SUMMARY OF RECEP DATA 

Following the conclusion of the val idation tests , RECEP 

workload was calculated for spec ific time interval s ,  

each o f  1 5  minutes dur ation . Twenty-four interval s 

were selec ted for each of  the five wor kpace-rated 

sector s and eight intervals were selec ted for the 

remaining six sector s .  For the wor kpace-rated sector s ,  

the selection was based on the h ighest wor kpace ratings 

while satisfying uni form test conditions . For the 

other sector s ,  the selection was based on the h ighest 

number of aircraft in the sector dur ing the f ir s t  two 

days of  testing . 

Rockford Sec tor 

Two of the intervals selected for the 

were later rejected when it was 

d iscovered that all �' Hare ar r ival s traversing Dubuque 

and Farmm were bei ng d isplayed on the Rockford Plan 

View Displ ay . Th is was not a normal operating mode and 

had the e ffect of  greatly inflating the Rockford 

surveillance wor kload . The r eason for it is  unknown so 

the two intervals were rej ected . 

Table 3-3 summar izes the RECEP wor kload value s obtained 

for each of the time intervals selected . The table 

includes values for routine , surveillance and conflict 

wor kload as well as total wor kload . The uni ts of 

wor kload are in man-minutes per interval . In addition , 

the table conta ins the mean value for the number of 

aircr aft under control dur ing each interval , and the 

41 



TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY 

SECTOR DATE I ROUTINE SURV . CONFLICT TOTAL CONTROLLED tRKPACE 
TIHE· WORKLOAD WORKLOAD WORKLOAD WORKLOAD AIRCRAFT SCALE&) 

(H-HIN )  (H-HIN) (H-HIN ) (H-HIN) (HEAN ) 1-7 

BDF 2/28 1830 8 . 7 2  5 . 3 1  3 . 46 17 . 67 1 2 . 07 3 . 00 
1845 1 1 . 2 9  5 . 00 3 . 20 1 9 . 49 1 1 . 36 5 . 00 
1900 7 . 89 2 . 81 1 . 02 1 1 . 72 6 . 39 3 . 67 
1915 1. 70 1 . 56 0 . 32 3 . S8 3 . 55 2 . 00 

2/28 2115 8 . 03 5 . 3 1 3 . 64 1 6 . 99 l 2 . 07 6 . 33 
2130 6 . 40 4 . 38 2 . 47 13 . 24 9 . 94 4 . 67 
2145 4 . 02 3 . 44 1 .  52 8 . 98 7 . 81 3 . 00 
2200 4. 40 3 . 44 1 . 52 9 . 36 7 . 8 1  2 . 67 

3/1  1815 7 . 34 5 . 00 3 . 20 1 5 . 54 1 1 . 36 4 . 00 
1830 4 . 84 5 . 00 3 . 20 1 3 . 04 1 1 . 36 3 . 33 
1845 6 . 67 6 . 67 4 . 10 1 6 . 39 12 . 78 5 . 00 
1900 6 . 37 6 . 37 1 . 80 1 1 . 92 8 . 52 4 . 67 

3 / 1  2100 2 . 52 2 .81 1 . 00 6 . 33 6 . 39 2 . 00 

2115 4 . 44 2 . 19 0 . 62 7 . 25 4 . 97 2 . 00 

2 130 5 . 50 2 . 81 1 . 00 9 . 32 6 . 39 2 . 33 

2145 9 . 76 4 . 69 2 . 80 1 7 . 25 10 . 65 4 . 00 

3/2 1815 5. 83 3 . 75 1 . 80 1 1 . 38 8 . 52 2 . 00 

1830 5 . 12 3 . 75 1 . 80 10.67 8 . 52 2 . 00 

1845 4 . 07 4 . 06 2 . 10 1 0 . 2 4  9 . 23 2 . 00 

1900 5 . 45 4 . 06 2 . 10 1 1 . 61 9 . 23 2 . 33 

3/3 1815 5 . 53 3 . 44 1 . 50 10.47  7 .81 2 . 00 

1830 9 . 58 5 . 31 3 . 60 18.49 1 2 . 07 3 . 67 

1845 1 1 . 24 5 . 3 1 3 . 60 20 . 15 1 2 . 07 5 . 33 

1900 10. 10 4 . 06 2 . 10 1 6 . 26 9 . 23 4 . 00 

*Interva1 Start Time (GMT) 
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TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY ( Cont . ) 

SECTOR DATAl ROUTINE SURV. CONFLICT TOTAL CONTROLLED WORKPACE 
TlMEtr WORKLOAD WORKLOAD WORKLOAD WORKLOAD AIRCRAFT (SCALEt) 

(M-MIN ) (M-MIN) (H-HIN) (H-MIN )  (HEAN) 1 -7 

MLI 2/28 2000 6 . 25 3 .44 3 . 00 1 2 . 68 1 1 . 00 3 . 67 

2015 3 . 75 2 . 1 9 1 . 23 7 . 1 7 7 . 00 2 . 33 

2030 1 .  95 1 . 88 0 . 90 4 . 7 2  6 . 00 2 . 33 

2045 3 . 41 3 . 13 2 . 50 9 . 03 1 0 . 00 4 . 67 

2/28 2 130 4 . 4 9  2 . 81 2 . 00 9 . 30 9 . 00 2 . 00 

2 145 5 . 8 2  3 . 44 3 . 00 1 2 . 26 1 1 . 00 4 . 33 

2200 3 . 34 2 . 8 1  2 . 00 8 . 1 5  9 . 00 2 . 00 

2215  6 . 57 2 . 8 1 2 . 00 1 1 . 39 9 . 00 2 . 67 

3/1'  2000 1 . 25 1 . 25 0 . 40 2 . 90 4 . 00 2 . 33 
2015 3 . 36 2 . 1 9 1 . 23 6 . 77 ' 7 . 00 3 . 00 
2030 2 . 09 1 . 88 0 . 90 4 . 87 6 . 00 2 . 00 
2045 2 . 62 2 . 19 1 . 23 6 . 04 7 . 00 2 . 00 

3 / 1  2 130 4 . 52 2 . 1 9 1 . 23 7 . 94 7 . 00 2 . 33 
2 145 4 . 19 2 . 1 9 1 . 23 9 . 6 1  7 . 00 2 . 00 
2200 4 . 47 2 . 8 1  2 . 00 9 . 28 9 . 00 2 . 00 
2215 4 . 3 1  2 . 8 1  2 . 00 9 . 12 9 . 00 2 . 00 

3/3 1830 4 . 47 3 . 13 2 . 50 10. 09 1 0 . 00 4 . 00 
1845 3 . 26 2 . 19 1 . 23 6 . 68 7 . 00 3 . 33 
1900 2 . 50 1 . 88 0 . 90 5 . 28 6 . 00 3 . 33 
1915  2 . 04 1 . 56 0 . 60 4 . 20 5 . 00 2 . 67 

3/3 2130 ' 3 . 64 2 . 50 1 . 60 7 . 74 8 . 00 3 . 67 
2 145 5. 50 3 . 44 3 . 00 1 1 . 94 1 1 . 00 3 . 67 
2200 3 . 52 2 . 50 1 . 60 7 . 62 8 . 00 2 . 67 
2215 3 . 26 2 . 19 1 . 23 6. 68 7 . 00 3 . 33 

*lnterval Start Time (GMT) 
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TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY ( Cont . )  

SECTOR DATEI ROUTINE SURV. CONFLICT TOTAL CONTROLLED WORKPACE 
TIME· WORKLOAD WORKLOAD WORlq.OAQ WORKLOAD AIRCRAFT (SCALEt) 

(M-MIN) {M-MIN) (M-MIN) (M-MIN) (MEAN) 1-7 

VAINS 2/28 1830 4 . 33 3 . 7 5  0 . 75 8 . 83 6 . 36 4 . 67 
1845 7 . 15 4 . 69 1 . 17 1 3 . 00 7 . 95 5 . 67 
1900 1 0 . 23 6 . 25 2 . 10 18 . 58 10 . 60 6 . 67 
1915  1 0 . 98 5 . 63 1 .  70 18. 30 9. 54 7 . 00 

2 /28 2000 8 . 66 4 . 69 1 . 17 14 . 52 7 . 95 4 . 67 
2015 9 . 68 4 . 38 1 . 00 1 5 . 06 7 . 42 4 . 67 
2030 7 . 49 5 . 00 1 . 30 13 . 79 8 . 48 4 . 67 
2045 8 . 16 5 . 31 1 . 50 14 . 98 9 . 0 1  5 . 67 

3/1  1830 5 . 43 3 . 7 5 0 . 75 9 . 93 6. 36 3 . 67 
1845 7 . 87 5 . 00 1 . 30 14 . 17 8 . 48 5 . 67 
1900 1 1 . 5 1  5 . 63 1 . 7 1  1 8 . 85 9 . 54 6 . 33 
1915 7 . 30 4 . 69 . 1 . 17 1 3 . 16 7 . 95 5 . 33 

3/2 1830 5 . 29 3 . 7 5  0 . 7 5  9 . 79 6 . 36 3 . 33 
1845 7 . 08 5 . 00 1 . 30 1 3 . 38 8 . 48 5 . 67 
1900 1 0 . 4 1  5 . 63 1 .  70 1 3 . 38 9 . 54 6 . 00 
1915 6 . 78 4 . 38 1 . 00 12. 15 7 . 42 4 . 67 

3/2 2130 1 1 . 12 5 . 63 1 .  70 1 8 . 45 9 . 54 6 . 00 

2145 6 . 63 4 . 38 1 . 00 1 2 . 0 1  7 .42 4 . 67 

2200 4 . 99 4 . 38 1 . 00 1 0 . 36 7 .42 4 . 33 

2215 4 . 91 4 . 38 1 . 00 10. 28 7 . 42 5 . 00 

3/3 2000 8 . 82 3 . 44 0. 63 1 2 . 88 5 . 83 4 . 67 

201 5 3 . 33 3 . 1 3 0 . 52 6 . 97 5 . 30 2 . 33 

2030 9 . 02 5 . 00 1 . 30 1 5 . 32 8 . 48 5 . 33 

2045 9 . 56 5 . 94 1 . 88 1 7 . 38 1 0 . 07 6 . 00 

*lnterval Start Time (GMT) 

44 



TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY ( Cont . )  

SECTOR DATE/ ROUTINE SURV. CONFLICT TOTAL CONTROLLED WORKPACE 
TIME* WORKLOAD WORKLOAD WORKLOAD WORKLOAD AIRCRAFT teALE, 

(H-HIN) (H-HIN) (H-HIN) (H-HIN) (HEAN) 1-7 

FARKH 2/28 1830 7 . 84 4 . 69 1 . 20 13 . 73 8 . 10 4 . 33 

1845 1 2 . 00 7 . 19 2 . 85 2 2 . 04 1 2 . 42 . 6 . 3 3  

1900 8 . 36 5 . 00 1. 38 14 . 74 8 . 64 5. 67 

1915 4 . 18 2 . 50 0 . 3 5  7 . 03 4 . 32 2 . 33 

2/28 2130 9 . 93 5 . 94 1 . 95 1 7 . 8 2  1 0 . 26 5 . 33 

2145 8 . 36 5 . 00 1 . 38 14. 74 8 . 64 4 . 33 

2200 7 . 32 4 . 38 1 . 06 1 2 . 76 7 . 56 3 . 67 
2215 8 . 3 6  5 . 00 1 . 38 14. 74 8 . 64 3 . 67 

3/1 1830 3 . 66 2 . 19 0 . 26 6 . 1 1  3 . 78 4 . 00 
1845 7 . 84 4 . 69 1 . 20 1 3 . 7 3  8 . 10 5 . 67 
1900 8 . 36 5 . 00 1 . 38 14. 74 8 . 64 5 . 67 
1915 5 . 7 5  3 . 44 0 . 65 9 . 84 5 . 94 3 . 67 

3/1 2130 7 . 32 4 . 32 1 . 06 12 . 76 7 . 56 6 . 00 
2 145 5 . 75 3 . 44 0 . 65 9 . 84 5 . 94 3 . 67 
2200 8 . 89 5 . 31 1 . 56 1 5 . 76 i. 18 5 . 3 3  
2215 7 . 32 4 . 38 1 .06 1 2 . 7 6  7 . 56 2 . 33 

3/2 1830 3 . 66 2 . 19 0 . 26 6. 1 1  3 . 78 2 . 00 
1845 9 . 93 5 . 94 1 . 95 1 7 . 82 1 0 . 26 6 . 00 
1900 8 . 89 5 . 3 1  1 . 56 1 5 . 76 9 . 18 5 . 67 
1 915 4 . 18 2 . 50 0 . 35 7 . 03 4 . 32 2 . 67 

3/2 2130 9.41  5 . 63 1 .  75 16.79 9 . 72 5 . 33 
2145 8 . 89 5 . 31 1 . 56 1 5 . 76 9 . 18 6 . 00 
2200 7 . 32 4 . 38 1 . 06 1 2 . 76 7 . 56 4 . 67 
2215 6 . 27 3 . 7 5 0 . 78 10.80 6 . 48 4 . 33 

*Int erva1 Start Time (GMT) 
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TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY ( Cont . )  

SECTOR DATE I ROUTINE SURV. CONFLICT TOTAL • 
CONTROLLED WORKPACE TIME· WORJ(J.()AD WORJ(J.()AD WORKLOAD WORJ(J.()AD AIRCRAFT (SCALEl:) (M-MIN) (H-HIN) (M-MIN) (M-HIN) (MEAN) 1-7 

PIA 2/28 1830 6 . 78 3 . 13 2 . 00 1 1 . 91 ' 9 . 20 5 . 33 
1845 6.46 2 . 50 1 . 30 10. 26 7 . 36 5 . 33 
1900 5 . 86 3 .44 2 . 46 1 1 . 76 10. 12 5 . 00 
1915 1 . 84 2 . 19 1 . 00 5 . 03 6.44 3 . 00 

2/28 2 130 1 0 . 07 5 . 3 1  5 . 8 7  2 1 . 25 1 5 . 64 6 . 67 
2 145 7 . 02 3 .44 2 . 46 1 2 . 91 10 . 12 4 . 67 , 2200 6 . 94 3 . 75 2 . 93 1 3 . 62 1 1 . 04 5 . 00 
2215 6 .43 3 . 13 2 . 00 1 1 . 55 9 . 20 4 . 33 

3/2 1815 5 . 64 1 . 56 0 . 50 7 . 70 4 . 60 3 . 00 
1830 3 . 63 1 .88 0 . 73 6 . 24 5 . 52 2 . 3 3  
1845 3 . 70 2 .81 1 . 65 8 . 1 6  8 . 28 4 . 33 
1900 5 . 94 3 . 44 2 .46 1 1 . 84 10 . 12 4 . 3 3  

3 / 2  2 1 30 6 . 23 2 .8 1  . 1 . 65 1 0 . 7.0 8 . 28 5 . 00 
2 145 5 . 50 2 . 50 1 . 30 9 .30 7 . 36 3 . 67 
2200 7 . 25 2 .81 1 . 65 1 1 . 7 1  8 . 28 4 . 67 
2 2 1� 4 . 52 3 . 13 2 . 00 9 . 65 9 . 20 5 . 00 

3/3 1830 3 . 57 2 . 50 1 . 30 7 . 37 7 . 36 2 . 67 
1845 7 . 24 4 . 06 3 .40 14. 70 1 1 . 96 4 . 33 
1900 6 . 17 4 . 06 3 .40 13 . 63 1 1 .  96 4 . 67 
1 915 10. 59 3 . 44 2 .46 16.49 1 0 . 12 6 . 00 

3/3 2000 3 . 62 1 . 56 0 . 50 5 . 68 4 . 60 4 . 00 
2015 2 . 42 1 . 56 0 . 50 4 . 48 4 . 60 2 . 6 7  
2030 2 . 76 2 . 81 1 . 65 7 . 22 8 . 28 4 . 33 
2045 7 . 18 4 . 06 3 . 40 14 . 64 1 1 . 96 5 . 67 

*lnterva1 Start Time (CHT) 
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TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY (Cont . )  

SECTOR . DATEI ROUTINE suav. CONFLICT TOTAL CONTROLLED WORKP1E 

TIME* WOIUtliOAD WOlUCLOAD WOlUCLOAD WORltLOAD AIRCRAFT (SCALED 

(M-HIN) (H-HIN) (H-HIN) (M-HIN) (MEAN) 1-7 

JOT 2/28 2115 5 . 7 5  3 . 44 0 . 06 9 . 25 5 . 5  N/A 

2130 4 . 8 1  3 . 44  0 . 06 8 . 31 5 . 5  

2145 4 . 23 3 . 7 5  0 . 08 8 . 06 6 . 0  

2200 6 . 88 3 . 13 0 . 05 1 0 . 05 5 . 0  

3/1 1815 7 . 77 5 . 31 0 . 15 1 3 . 23 8 . 5  
1830 7 . 82 6 . 25 0 . 21 14. 28 1 0 . 0  
1845 1 .26 5 . 31 0 . 1 5  1 2 . 7 3  8 . 5  
1900 6 . 50 5 . 00 0 . 13 1 1 . 63 8 . 0  

DBQ 2/28 1815 6 . 50 5 . 31 0 . 95 1 2 . 76 10 . 7 1  N/A 

1830 9 . 26 5 . 94 1 . 20 1 6 . 40 1 1 . 97 
1845 6 . 79 3 . 75 0 . 47 1 1 . 01 7 . 56 
1900 2 .4 1  1 . 25 0 . 05 3 . 7 1  2 . 52 

3/1 1815 1 .  76 2 . 19 0 . 16 4 . 1 1  4 . 4 1  
1830 4 . 3 9  3 . 75 0 . 47 8.61 7 . 56 
1845 7 . 55 4 . 69 0 . 74 l 2 . 98 9 . 45 
1900 3 . 96 2 . 8 1  0 . 27 7 . 04 5 . 67 

lOW 2/28 2145 2 . 7 3 2 . 50 0 . 23 5 . 46 6 . 00 MIA 

2200 2 . 63 3 . 44 0 . 44 6 . 5 1  8 . 25 
2215 4 . 09 4 . 38 0 . 7 1  9 . 18 10. 50 
2230 3 . 23 4 . 06 0 . 61 7 . 90 9 . 7 5  

3/1 1815 4 . 84 5 . 94 1 . 30 12.08 14 . 25 
1830 7 . 23 5 . 63 1 . 17 14 . 02 1 3 . 50 
1845 . 3 . 65 3 . 44 0 . 44 7 . 53 8 . 25 
1900 1 . 38 1 . 56 0 . 10 3 . 04 3 . 75 

*lnterval Start Time (GMT) 
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TABLE 3 . 3  WORKLOAD-AIRCRAFT-WORKPACE SUMMARY ( Cont . )  

SECTOR DATE/ ROUTINE SURV . CONFLICT TOTAL CONTROLLED (:ORKPACE 
TIME'" WORKLOAD WORKLOAD WORKLOAD WORKIDAD AIRCRAFT SCALEt) (K-KIN) (K-HIN) (H-HIN) (K-HIN) (MEAN) 1-7 

WDPT 2/28 1900 3 . 91 2 . 81 0 . 33 7 . 05 5 .04 NIA 
1915 6 . 84 5 . 00 1 . 04 1 2 .88 8 . 96 
1930 8 . 49 5 . 3 1  1 . 18 14.98 9 . 52 
1945 7 . 79 5 . 63 1 . 32 14. 73 10. 08 

2/28 2130 4 . 09 3 . 44 0 . 49 8 . 02 6 . 16 
2145 3 . 7 6  2 . 50 0 . 26 6.52 4 . 48 
2200 5 . 25 4 . 38 0 . 80 10.43 7 . S4 
2215 6 .43 5 . 3 1  1 . lS 1 2 . 92 9 . 52 

RFD 2/28 1815 2 . 31 2 . 50 1 .04 5 .85 6 . 96 NIA 
** 1830 2 . 64 6 . 56 2 . 56 1 1 . 77 1 8 . 27 

I 
** 1845 2 . 83 7 . 19 3 . 58 13 . 59 20.01 

1900 4 . 75 3 . 13 1 . 72 9 . 60 8 . 70 

2/28 2130 5 . 40 3 . 75 3 . 05 1 2 . 20 10.44 
2145 4 . 92 3 . 75 3 . 05 1 1 . 12 10.44 
2200 2 . ll 1 . 88 0 . 76 4 . 95 5 . 22 

2215 4 . 12 2 . 81 1 . n  8 . 65 7 . 83 

KeK 2/28 2115 3 . 1 1  2 . 8 1  1 . 14 7 . 07 7 . 38 N/A 

2130 2 . 95 3 . 75 2 . 03 8 . 73 9 . S4 

2 145 5 . 06 4 . 06 2 . 39 1 1. 51 1 0 . 66 

2200 3 . 18 2 . 50 0 . 90 6 . 58 6 . 56 

3/1 1815 3 . 43 3 . ll 1 . 40 7 . 96 8 . 20 

1830 5 . 39 5 . 00 3 . 60 1 3 . 99 13. 12 

1845 1 . 7 1  3 . 13 1 .40 6 . 24 8 . 20 

1900 1 . 40 1 . 56 0 . 35 3 . 3 1  4 . 10 

*Interva1 Start T ime (CMT) 
**lnterva1 rejec ted due to aberrant condit ions 
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workpace r a t i n g ,  where appl icable. Workpace ratings 

are on a numer ical scale from 1 to 7 where 7 represents 

"very heavy· workpace. The average value of worklo�S 

lOver - the -166 test intervals i s  11.  1 man-minutes. 

Routine , survelilance and con f l i c t  workload account for , 

51% , 3 5 % ,  and 14%  of the total , respectively. 

Routine workload was analyzed by divid ing it into the 

' f i"e�-'components : a i r /ground controller speaking , 

a ir/grouna controller l istening , interphone, FOP 

ope r a t i o n s ,  and flight str i p  activi t i e s .  Workload 

values for each component were obtained for all test 

intervals. From these data a maximum, minimum, and 

mean value were obtained for each componen t .  A uniform 

pattern emerged for all sectors. Figure )-1 

illustrates the results for the Vains Sector , which a r e  

typical o f  a l l  sector s .  r/ground controller speaking 

was always the highest value , accounting for over 30%1 

of the total routine workload ! 

SAR data for all four days o f  testing were analyzed to 

determine the average length of time a i r c r a f t  were 

under the surveillance of each sector and also under 

the j ur isd iction , or control , of each secto r .  The 

average jur isd iction interval i s  equivalent to sector 

fl ight time . Sector fl ight time is of interest when 

converting RECEP flow rate to hourly flow rate and also 

i n  selecting the duration of RECEP test intervals and , 
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. . 

in the case of confl ict prevention , in selecting 

traffic sample s .  Table 3-4 lists both the surveillance 

and j ur isdiction intervals for all sector s for each of 

the four d ays of testing as wel l  as an average value 

for all days . The table l ists in parentheses the 

number of aircraft on which each value was based . The 

surveillance interval was obta ined by measur ing the 

duration of t ime that all aircraft symbol s  with full 

data blocks were displayed on the Plan View Display 

r egardless of j ur isd ictional control . Thus , pointout 

a ircraft symbols are included . The j ur isd iction 

interval was obtained by measur ing the duration of time 

between FOP hand- in and hand-out events . This 

necessar ily involves a smaller sample of  aircraft since 

some handoffs do not involve computer f l ight data 

processing . This  is par t icularly tr ue for low altitude 

sec tors . As can be seen fr om the table , the sector 

fl ight times vary from 7 . 0  to 20 . 3  minutes with an 

aver age value of 1 3 . 35 minutes . 

3 . 5  SUMMARY OF ATF DATA 

An empir ical tr affic sample from noon to 5 PM on the 

f ir st day of testing was chosen for the construction of  

an ATF model of the eleven sector area . OVer 7 0 0  

aircraft tr aver sed the area dur ing this five-hour 

per iod . The time and fl ight path hi stor ies of all 

a ircr aft wer e  extracted from SAR data and a route 
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tTl N 

SECTOR 

MCK 

lOW 

DBQ 

BDF 

JOT 

FARMM 

RFD 

VAINS 

WOPT 

PIA 

MI.I 

NOTES : 

TABLE 3-4 .  SECTOR FLIGHT TIMES
1 

SURVEILLANCE INTERVAL2 JURISDICTION INTERVAL3 

ALL 
2128 3/1 3/2 3/3 DAYS 2/28 3/1 3/2 3/3 

24(114) 26(100) - 24 (78) 24 . 7  20 (91) 21(77) - 20 (61) 

26(90) 25 ClD) 24 (102) 26 (110) 25 . 2  19 (59) 19(72) 18(73) 20 (83) 

20(135) 20 (110) 19 (121) 20 (113) 19 . 8  12(103) 11(91) 13(101) 14 (91) 

17 (134) 17 (144) 18 (135) 20 (142) 18. 0  13(106) 11 (102) 13(100) 14 (98) 

15 (143) 16 (168) 15 (152) 16(158) 15 . 5  7 (121) 8 (137) 8 (127) 8 (137) 

20 (154) 19 (119) 19 (144) 19 (122) 19 . 3  11(101) 10(87) 10(98) 11(89) 

19 (132) 18(81) - 18 (106) 18 . 4  16(42) 16(31)  - 16 (34) 

20(172) 18 (152) 19 (167) 20(167) 19 . 3  10 (135) 10 (105) 10(127) 11 (116) 

13 (167) 13(161) 11 (38) 12(171) 12 . 5  8 (121) 6 (105) 6 (33) 7 (116) 

18(130) 14 (106) 18(90) 17 (122) 16. 8  19 (33) 13 (28) 13 (25) 16 (45) 

14 (124) 14 (92) 13(99) 13(108) 13 . 5  16 (30) 14 (20) 16 (18) 15 (23) 

1 .  TABLE LISTS FLIGHT TIMES IN MINUTES, NUMBER OF AIRCRAFT IN PARENTHESES . 
2. INTERVAL OF FULL DATA BLOCK ON PLAN VIEW DISPLAY. 
3 :  INTERVAL BETWEEN HANDOFFS,  TO AND FROM SECTOR. 

,ALL 
DAYS 

20 . 3  

19 . 0  

12 . 5  I 12 . 7  

7 . 8  I 

10. 5  

16 . 0  

10 . 2  

7 . 0  

15 . 5  

15 . 3  



structure was determined from the fl ight paths . A 

total of 83 routes wer e  defined . Each route was 

d iv ided into arcs which cor respond to the segment of 

the route traver s ing individual sectors .  Arc transit 

times we re computed based on the average time duration 

of all aircraft on each arc .  Arc tr ansit times var ied 

from 3 to 2 8  minute s .  Aircraft wer e  assigned to the 

appropr iate route . The entry t imes o f  a ircraft 

enter ing routes were extr acted from SAR data in groups 

of ls-minute interval s .  The ATF computer prog ram 

r andomly distr ibutes the actual entry t ime within each 

interval . 

The coeffic ients for the ATF wor kload equation were 

determined by per forming a least squares regress ion 

analysis on the value s obtained for total RECEP 

wor kload ver sus number of a ircraft under control from 

each of the RECEP test interval s .  A second order 

function wi th a zero constant term was assumed in 

per forming the reg ress ion . Table 3-5 l ists the 

coeffic ients obtained for each of the eleven sector s  as 

well as the general ized ATF wor kload equation with the 

un its of each term. RECEP wor kload values are measured 

in man-minutes per 15 minutes whereas the ATF model 

computes wor kload in man-seconds per minute . 

Therefor e , a factor of 60/15 is appl ied in comput ing 

the coeffic ients . 
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TABLE 3-5 . ATF WORKLOAD EQUATION COEFFICIENTS 

SECTOR K1 K2 

JOT 5 . 73 0 

BDF 4 . 60 0 . 10 

DBQ 4 . 52 0 . 068 

lOW 3 . 08 0 .044 

MLI 2 . 73 0 . 15 

WDPT 4 . 96 0 . 088 

VAINS 4 . 74 0 . 25 

RFD 2 . 58 0 . 195 

FARHM 6 . 2  0 . 074 

PIA 4 . 17 0 . 073 

MCK 2 . 82 0 . 1  

WL = K1 N + K2 N 
2 

WHERE : WL so WORKLOAD IN MAN-SECONDS PER MINUTE 

K1 so COEFFICIENT IN MAN-SECONDS PER 

MINUTE PER AIRCRAFT 

K2 = COEFFICIENT IN MAN-SECONDS PER 

MINUTE PER (AIRCRAFT)2 

N = NUMBER OF AIRCRAFT 
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Figure 3-2 i llustr ates one usage of the ATF model in 

evaluating long-term wor kload . The five-hour traffic 

sample was r un into the program .  The first 30  minutes 

were considered to be an initialization per iod as 

a ircraft entered routes and flowed from one sector to 

another , leaving 270  minutes for meaningful measure s .  

Wor kload was pr inted out minute-by-minute and the 

percent of time that wor kload was above a g iven level 

was determined for each sector . The shape of  the 

function shown in the figure is  typical for all 

sectors . A compar ison of sectors provides an 

ind ication of relative sector wor kload over long 

per iods of time . The figure also ind icates the 

workload level wh ich corresponds to an aver age wor kpace 

rating . This was determined from the controller survey 

data which equated the number of aircraft in the sector 

with var ious wor kpace rat ing s . The number of a ircraft 

was then conver ted to a RECEP wor kload value by means 

of the RECEP function for wor kload versus aircraft . 

3. 6 EXAMPLE OF THE DETERMINATION OF POTENTIAL CONFLICT 
WORKLOAD COEFFICIENTS 

The Brad ford ( BDF ) high altitude sec tor has been 

selected to demonstr ate the methodology used in 

estimating potential confl ic t wor kload coeffic ients . 
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A major par t  of BOF traffic cons ists of southwest 

arr ivals to �' Hare (ORO ) . There is also a southwest 

depar ture route from ORO. 

essentially over fl ights . 

The r emaining tr affic is 

Figure .3-3 shows the fl ight 

plan ground tracks for one hour of aircraft enter ing 

BOF . Figure 3-4 shows the actual SAR g round tracks for 

the same aircraf t .  

Table 3-6 l ists all the fl ights enter ing BOF along with 

ground speed and al ti tude information . Figures 3-5 

through 3-8 are plots of the SAR ground tracks for the 

four l5-minute per iods . The confl ic t  and over take 

equations of Section 2 . 1 . 3 wer e  used to calculate the 

expected number o f  conflic ts using Table 3-6 and the 

appropr iate f ig ur e , the expected number of confl icts 

can now be calculated . 

1800 - 1815  - - -
Expected No . of  Over takes 

2 and 3 o ::I 0 . 154 

Expected No . of Cross ing s  

4 with 2 and 3 C ::I 0 . 261  

!ill :: !!!! 
Expected No . of Over takes 

6, 7 ,  and 8 o ::I 0 . 050 

Expe9ted No . of Crossing s  

9 with 10 and 1 2  C a 0 . 495 

1630 - 1 84 5  - - -
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0\ o 

Time 

1800 

1815 

183 0  

1845 

TABLE 3-6 . AIRCRAFT ENTERING BDF 180 0-190 0  GMT , February 28 , 1978 

A ircraf t Hand-In Hand-Out 

No . Type of Flight Alt itude Alti tude Ground �eed 

1 J2 6 ORD Arr iva 1 37, 000 f t .  20, 000 f t .  142 . 7NM/15 minutes 
2 J2 6 ORD Departures 1 6, 000 31, 000 94 . 5  
3 II II II 18, 700 3 1, 000 82 . 3  
4 Overflight 31, 000 31, 000 88. 8  

5 Peoria Arrival 29, 500 26, 500 
6 J64 ORD Arrival 37 , 000 25, 100 144. 5 
7 " II II 37 , 000 26, 100 144 . 7  
8 II II II 37 , 000 3 3 , 000 140 . 7  
9 Overflight 31, 000 31, 000 88 . 3  

10 J26 ORD Departure 16, 000 31, 000 
11 II II II 22 , 500 3 9, 000 
12 II II II 17 , 800 3l�000 

13 J18 ORD Arrival 33 , 000 26, 900 137 . 0  
14 J105 ORD Arrival 33 , 000 29, 600 127 . 7  
15 " II II 32, 000 27 , 600 12 7 . 5  
16  Vectored ORD Arr ival 29, 000 28, 400 122 . 7  
17 Over f light 33 , 000 33 , 000 120 . 5  
18 J26 ORO Departure 20, 400 3 9, 000 97 . 5  

19 Overf light 35, 000 35, 000 87 . 5  
20 J64 ORD Arrival 33 , 000 27, 3 00 137 . 0  
2 1  J2 6 ORD Arrival 33 , 000 27 , 000 135 . 7  I 
22 II II II 29, 000 24, 000 118 . 5  
23 II II II 33 , 000 2 7 , 000 141. 7 
24 II II II 33 , 000 2 4 , 7 00 131 . 7  
2 5  J105 ORD Arrival 33 , 000 23 , 800 107 . 8  
2 6  II II II 33 , 000 27 , 100 119.7 
27 J26 Overflight 35, 000 35 , 000 91 . 0  

-- �---
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Expected No . of  Over takes 

None l 14 and 15 have 

the same speed 

Expected No . of  Crossi ngs 

1 3  with 1 4  and 1 5  

1 3  wi th 16  

1 6  with 14 and 1 5  

Total 

1845  - 1 988  - - -

Expected No . of  Over takes 

21 , 2 2 ,  23 and 24  

25 and 26 

Total 

Expected No . of Cross ings 

2 1 , 22 , 23  and 24  

with 25 and 2 6  

21 , 22 , 23 and 2 4  

C = . 31 5  

C I: . 165 

C I: . 195 

C I: . 675 

o I: 0 . 527  

o = 111 . 899 

o I: 8 . 626 

C I: 1.  396 

with 28 C I: 0 . 644 

2 5  and 26 with 20  C = 8 . 354 

19  with 27 C I: 0 . 253 

Total C I: 2 . 64 7  

As can be seen from the above , the expected number of 

crosing conflicts can exceed 1 . 8 . In some cases , the 

expected number of conflicts is calculated to be 

greater than the minimum flow rate of the two 

inter secting routes . Obviousl y ,  this  is illog ical 

since the aircraft on at least one of the fl ight paths 
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would be d iver ted in 

and/or ground track ) . 

the least number of  

some manner ( speed , alti tude , 

Presumably the fl ight path wi th 

aircraft would be changed . 

There for e ,  the expected number o f  confl icts at the 

inter section of two fl ight paths cannot exceed the 

lowest number of aircraft of either fl ight path . 

Referr ing to the crossing conflict equation of  Section 

2 . 1 . 3 :  

I f  fl > f2 

Then Cmax � f2 

In the case of BDF , f ive hour s of  data 

for potential confl icts . Regr ession 

(6)  

wer e  analyzed 

analys is was 

per formed on 28 samples 

over take and crossing 

each of  expected 

confl icts ver sus 

number of 

aircraft 

squa�ed . In both case� , the correlation coeffic ient 

was approx imately 8 . 1 . The expected man-minutes of 

wor k  for each l5-minute interval were then calculated 

and a r egression analysis of  confl ict wor kl oad versus 

aircraft squared was per formed . In thi s  case , the 

correlation coeffic ient was 8 . 62 5 .  The same regression 

procedure was used for the other sectors .  

In previous RECEP models , coeffic ients for the expected 

number o f  crossing and over take confl icts were der ived 

separately and wor kload was then calculated . Dur ing 

this study , it was found that higher cor relation 
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coefficients were obtained 

wor kload coefficien t .  The 

by der iving a single 

reason for this  is that 

the r e  are time per iods when the expected number of 

cross ing and/or overtake confl icts is zero and the data 

sample becomes s ignificantly smaller . 

By per forming a second order least squares r egress ion 

on the 29 samples of confl ict wor kload for BDF , a mean 

wor kload coeffic ient of 0 . 9 2 5  man-minutes per 1 5  

minutes per aircraft was obta ined . Table 3-7 contains 

the coeffic ients for all eleven sector s .  
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TABLE 3-7 . CONFLICT WORKLOAD COEFFICIENTS 

Conflict Workload 
Sector Coefficient 

JOT 0. 0021 

BDF 0.02 5  

DBQ 0. 0082 

lOW 0.0065 

MLI 0. 02 5  

WOPT 0. 013 

VAINS 0.018 

RFD 0.028 

.FARMM 0.018 

PIA 0.024 

MCK 0.021  

NOTE: Conflict Workload Coeff icient units are man-minutes 
per fifteen minutes per (aircraf t)2 . 
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4. VALIDATION ANALYSIS OF WORKLOAD DATA 

4 . 1  INTRODUCTION 

The p r i n cipal purpose o f  t h i s  validation analys i s  is to 

determine whether a measure of controller workload , 

d e r i ved offl ine from automatic recordings according to 

spec i fications for the RECEP/ATF model s ,  agrees w i t h  

workload estimates made b y  controllers themselves. 

fundamental character i s t i c  o f  the concept , 

"workload , R  is that i t  concerns the magnitude of an 

internal cond i tion exper ienced by the workin� 

ino ividual. Workload is not an observable effect about 

which a l l  observers a r e  c e r t a i n  to ag r e e .  Observer s '  

workpace r a tings a r e ,  nonetheless, being used in this 

analysis as a standard for evaluating the val i d i ty of a 

workload measure that is computed from offl ine 

recordings. Although we might simply assume our sample 

of workpace ratings is valid , and then apply i t  as an 

evaluation cr i t e r i o n ,  our conclusions would be more 

acceptable if we assess the val i d ity of the r a t ings 

themselves and demonstrate objectively that they are 

probably valid . 

There is no certain measure of the true value of the 

worKload that controllers actually experience while 

they are observed , but we can at least test the 

consistency between the r a t i ng s  and other information 
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acquired via questionnaires regarding typical sector 

d i fferences in workload and control d i ff i c u l t y .  The 

demonstrated logical consistency between controller s '  

ratings and control l er s '  questionnaire responses can 

then provide assurance that the subjective validation 

c r i t e r i a  are probably valid for evaluating the workload 

measure d e r i ved offl ine some time after the work 

occ u r r e d .  

Our general approach i s  t o  perform various analyses 

that test the logical consistency among 

measures derived from three d i f ferent sources: 

workload 
• 

"Rated , 

Workload" derived from workpace �a t i n g s ,  "Judged 

Workload" d e r i ved from questionnaire responses, and� 

" Computed WorkloadW d e r i ved offl ine from data 

recordings. Whereas workpace ratings were made by 

controllers who observed the work as it occurred , 

questionnaire responses were made by controllers who 

referred to their past experience in the studied 

sectors in order to j udge typical levels of workload 

and control d i f f i c u l t y .  Although Rated Workload and 

Computed Workload both pertain operationally to work as 

it occur s ,  relationships involving these measures can 

presumably be used to estimate typical workload 

conditions in selected sector s .  Measures o f  Judged 

Workload permit us to generalize explicitly beyond the 

sample of data that we collec t .  The three kinds of 

measures are thus applied in a ser ies of subanalyses 
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whose results and impl ications 'converge log ically to 

suppor t  two concl us ions : ( 1) Computed Wor kload can 

provide a val id index of controller wor kload as it  

occur s ,  and ( 2 )  Computed wor kload can provide a val id 

estimate of typical wor kload cond itions in indiv idual 

enroute sec tor s .  

4 . 2  SUMMARY STATISTICS FOR SAMPLED SECTOR ACTIVITIES 

Statistics that summar ize control activities that 

occur red dur ing 15 minute intervals for which Computed 

wor kload was der ived are g iven in Table 4 -1 for 

wor kpace rated sector s  and in Table 4-2 for unrated 

sector s .  The stat istics are for the following 

var iables : 

1 .  Traffic Flow Rate , the number of  a ircraft that 

entered the secto�' s j ur isd iction . 

2 .  Aircr aft Under Control , the average number of 

a ircraft for wh ich full data blocks wer e  d isplayed 

e i ther because the aircraft was under the sector ' s  

j ur isdiction , because the aircraft had been po inted 

out by another sector , or because the a ir craft had 

been selec ted for monitor ing by the controller s in 

the sector . 
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..... N 

SECTOR 

BDF 
( 14) 

MI.I 
(54) 

VAINS 
(57) 

FABHH 
( 73) 

PIA 
( 75) 

N 

24 

24 

24 

24 

24 

TABLE 4- 1 .  STATIST ICS FOR VARIABLES I N  RATED SECTORS 

TRAFFIC FLOW RATE AIRCRAFT UNDER CONTROL TOTAL WORKLOAD 
(AIRCRAFT/INTERVAL) (AIRCRAFT) (MINUTES) 

MIN MAX MEAN VAR N MIN MAX MEAN VAR N MIN MAX MEAN 

3 . 0  12 . 0  6 . 4  6 . 5  24 3 . 6  12 . 8  9 . 2  6 . 2  C : 24 3 . 6  20 . 2  1 2 . 8  

R : 24 2 .0 6 . 3  3 . 4  

0 . 0  7 . 0  3 . 7 2 . 8  24 4 .0 1 1 . 0  7 . 9  3 . 6  C : 24 2 . 9  12 . 7  7 . 9  

R : 24 2 . 0  4 . 7 2 . 8  

4 .0  14 . 0  7 . 5  5 . 8  24 5 . 3  10 . 6  8 . 0  1 . 9  C : 24 7 . 0 18 . 9  13 . 7  

R : 24 2 . 3  7 . 0 5 . 1  

1 . 0  12.0 6 . 2  10 .4  24 3 . 8  12 . 4  7 . 7  4 . 8  C : 24 6 . 1  22 . 0  13. 2 

R: 24 2 . 0  6 . 3  4 . 5  

1 . 0  8 . 0  4 . 2  3 .9 24 4 . 6  15 . 6  8 . 8  7 . 2  C : 24 4 . 5  2 1 . 3  10 . 7  

R : 24 2 . 3  6 . 7  4 . 4  

C :  COMPUTED (MINUTES ) 

:VAR 

19 . 3  

1 . 7  

6 . 7  

0 . 7  

1 1 . 3  

1 . 1  

16 . 1  

1 . 7  

15 . 7  

1 . 2  

R :  RATED ON WORKPACE SCALE 0-7 ) 



� 
f"I 

SECTOR 

JOT 
( 13) 

DBQ 
(28 )  

lOW 
( 29) 

WOPT 
(55) 

RFD 
( 72) 

MCK 
(98) 

N 

8 

8 

8 

8 

6 

8 

TABLE 4-2 .  STATISTICS FOR VARIABLES IN UNRATED SECTORS 

TRAFFIC FLOW RATE AIRCRAFT UNDER CONTROL TOTAL COMPUTED WORKLOAD 
(AIRCRAFT/ INTERVAL) (AIRCRAFT) (MINUTES) 

MIN MAX MEAN VAR N MIN MAX MEAN VAR N MIN MAX MEAN 

5 . 0  13.0  8 . 5 6 . 3  8 5 . 0  10 . 0  7 . 1  3 . 4  8 8 . 1  14. 3  10 . 9  

1 . 0  1 1 . 0  6 . 3  9 . 6  8 2 . 5  12 .0  7 . 5  10 . 3  8 3 . 7  16 . 4  9 . 6 

1 . 0  7 . 0  3 . 5  4 . 3  8 3 . 8  14 . 3  9 . 3  12 . 5  8 3 . 0  14 .0 8 . 2  

4 . 0  14 . 0  8 . 8  12 . 5  8 4 . 5  10 . 1  7 . 7  4 . 8  8 6 . 5  15 .0  10 . 9  

1 . 0  7 . 0  3 . 5 4 . 3  6 5 . 2  10 .4  8 .3 4 . 2  6 5 . 0  12 . 2  8 . 8  

1 . 0  7 . 0  3 . 6 6 . 6  8 4 . 1 13. 1 8 . 5  7 . 5  8 3 . 3  14 .0  8 . 2  

- -- -- - ----

VAR 

5 . 6  

20 . 3  

12 . 5  

, 
ll . 7  

8 . 9  

10 . 9  



3 .  Total Workload , an index of the amount of mental 

activity per formed by the R controlle r .  Total wor k  

i s  estimated by Rated and Computed Workload in 

rated sectors but only by Computed Workload in 

unrated secto r s .  

value ranging 

Rated Workload is an average 

from 1 to 7 ,  integers that had been 

contr ol.ler s '  ratings in order to assigned to 

represent ratings from "Very Light" to "Very 

Heavy . "  G,QRIp-u-ted woc:. td:.oad;Jii�'!IJlli!l.li ;l!,\Ul,," iAfIminute Qr 

surve�l:lan\ic�e,.,.�.�n",,_�C�o�n�f�l�l�· C"-,,_Rt-ev enflon 

orkloa com onents. 

In the data for all 11 of the studied secto r s ,  the mean 

A i r c r a f t  Under Control ranged between 7 . 1  and 9 . 3  

a i rcraft . Also, the mean workpace in the rated sectors 

ranged from 2 . 8 ,  or approximately "Below Averag e , "  ' i n  

MLI , to 5 . 1 ,  o r  approximately " Above Average , "  in 

VAINS. Although the average values for d i fferent 

sectors were similar in magnitude, various systematic 

r e l a t ionships pertinent to this validation analysis are 

present in the data. 

Mean Computed workload as a Function of Mean workpace 

A positive relationship between Computed Workload and 

Rated Workload can be found in Table 4 - 1 .  Figure 4-1 

indicates that the least squares regression l ine 

describing the empir ical relationship has a positive 

7 4  
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slope as would be expected if the two var iables measure 

the same thing . A statistical test of the hypothesis 

that the product moment cor relation ( r �0 . 73 )  between 

the means is equal to zer o ,  was per formed using the 

statistic , 

t = r 
- I ��-2 

( 7) V r - 2  

The test ind icates the observed relationship among the 

f ive sector s (N=5 ) can occur by chance almost 20 

percent of the time . While this level of r isk  in 

drawing a faul ty inference ( i . e . ,  na positive 

relationsh ip exists" ) may be acceptable for practical 

purpose s ,  the observed relationship does not 

demonstrate that the two var iables are probably 

equivalent in meaning . Other k inds of analyses are 

requ ired for build ing a plaus ible case that Rated 

wor kload and Computed Wor kload are equivalent for 

estimating controller wor kload . 

The following analyses show : 

1 .  Mean workpace rating s  are consistent with what the 

r ater s evidently bel ieved were typical traffic 

levels .  This find ing g ives us conf idence in the 

val id ity of the r ating s .  
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2 .  Both the Rated and the computed measures of 

wor kload are more strongly correlated with Ai rcr aft 

Under Control than with Tr affic Flo� Rate . I f  the 

3 .  

two wor kload measures wer e  cor r elated with 

d ifferent measures of  tr affic ( a  conce ivable 

outcome , g iven the existing literatur e ) , we would 

have less confidence that the measures r eflect the 

same aspects of the control process . 

Wor kload estimates based on the Rated and Computed 

measur es of wor kload ag ree in showing how the 

stud ied sector s differ from each other in terms of 

control difficulty . Th is is  evidence that the 

measures are val id for compar ing wor kload in 

d i fferent sector s .  

4 .  When values o f  Rated and Computed workload , for the 

same time interval s in an ind iv idual sector , are 

plotted together as funct ions of  clock t ime ( i . e . , 

successive samples are g iven in the order of the ir 

occur rence ) , the values ag ree in showing whe ther 

wor kload increases or decrease s .  This is evidence 

that the measures can be used to assess wor kload 

changes over time within ind iv idual sectors .  

After these val idation analyses are presented , we focus 

on the problem of est imating the max imum wor kload in 

i nd ividual sec tors . 
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4 . 3  WORKPACE RATINGS IN RELATION TO EXPECTED TRAFFIC LEVELS 

It was noted in Table 4-1 that the mean wor kpace 

r atings r anged from somewhat " Below Average" in MLI to 

"Above Aver age" in VAINS . Though the f ive mean 

wor kpace values cover a l imited r ange , they appear to 

be ordered quite systematically as a function of other 

var iables . 

In this  case , let us assume that the mean 

consistent with typical operations 

ratings 

in the 

are 

rated 

sector s .  A r ating of "Average" ( ass igned the value , 4) 

is  thus pr esumably anchored subj ectively to what the 

r ater s  bel ieved was average in the long run . Since 

wor kload is strong ly affected by the traffic level , as 

the next analys is ind icates , a traffic level less than 

the averag e  level would presumably be accompanied by a 

" Below Average" wor kpace r ating ,  which we found in the 

data for MLI . Similar ly , when tr affic exceeds the 

average , workpace would be "Above Aver age , "  as we found 

in the data for VAINS . Following this  l ine of  

thinking , we analyzed the data to see whether the 

traffic actually observed was more or less than the 

level the controller s bel ieved to be average ; the 

deviation was then used to pred ict the observer s '  mean 

wor kpace r ating s .  

7 8  



In the analys is o f  data , the traffic level that Chicago 

controller s j udged as produc ing "Aver age" wor kload was 

der ived from the controller �' questionna ire responses 

( the Append ix , Interview 3 ) . Each controller ' s  

wor kload-traffic j udgments for a sector wer e  descr ibed 

by a least squares regression l ine that was then used 

to estimate the number of a ircraft typically under 

control for an "Aver age" wor kpace . Ind ividual 

estimates from five controller� (per control area)  were 

then averaged , and the mean was subtracted from the 

mean number of a ircraft that wer e  actually under 

control in the sector . The aircraft d if fe rence , the 

pred ictor var iable , i s  plotted in Fig . 4-2 on the 

absc issa J the mean wor kpace rating is the pred icted 

var iabl e .  

Figure 4-2 shows that mean wor kpace i s  systematically 

related to the d i f ference between the observed tr affic 

and the j udged tr affic for an "Aver age" wor kload . The 

least squares regress ion l ine desc r ibing the empi r ical 

relationship r e fers to the filled points that r epresent 

all the wor kpace and tr affic data collected for the 

study ( 4 8  IS-minute samples) , unfilled po ints 

r epresent the subset of data ( 2 4  samples) r epor ted in 

Table 4-1. Figure 4-2 shows that s imilar results are 

obtai ned whether al l the wor kpace data are used or only 

the ' subse t .  From Fig . 4-2 , we infer that the mean 

wor kpace r atings for the five rated sectors are 
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consistent with what the r ater s bel ieved are typical 

traffic levels in the r ated sector s .  Th is , of  cour se , 

is  prec isely what we had hoped would be tr ue , but could 

not g uarantee operationallY 1 much depended on the 

raters themselves . 

4 . 4  CORRELATIONS BETWEEN WORKLOAD AND TRAFFIC VARIABLES 

Hav ing seen that the mean wor kpace r atings are an 

' orderly function of the rater �' expectations r egard ing 

the number of aircraft under control , we should ask 

whether wor kpace ratings , in particular , and measures 

of wor kload , in gener al , are strongly related to one or 

more measures of traffic . Our more general concern 

with the relat ionsh ip between wor kload and tr affic 

stems from a pr actical requirement 1  namely , the need 

to estimate wor kload for spec ified levels of traffic in 

individual sector s .  

While analyz ing data from the Ch icago Center , we 

d iscovered a much str onger cor relation between wor kpace 

and Aircraft Under Control (AUC ) than between wor kpace 

and Tr affic Flow Rate (TFR) . Pur su ing th is interest ing 

d ifference , we then found that measures of wor kload 

der ived offl ine from automatic record ings are also more 

strongly cor related with AUC than with TFR in all 11 of 

the studied sector s .  Th is consi stency between Rated 

Wor kload and Computed Wor kload is one kind of ev idence 
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suggesti ng that the two k inds of  measures do indeed 

refer to the same aspects of the control process . 

After establ ishing that thi s  e ffect is general in our 

data , we selected AUC as the traffic var iable for 

prec i sely pred ic ting wor kload by means of least squares 

regression equations fit to the data . In Table 4-3 , 

product moment coe ffic ients of  cor relation relate Rated 

Wor kload ( wor kpace ) and Computed Wor kload (Total and 

Routine ) to TFR and AUC . 

4 . 4 . 1  Rated Wor kload as a Function of Traffic - -

Rated Wor kload cor related 0 . 37-0 . 52 with TFR and 

0 . 4 9-0 . 89 wi th AUC . In other words , l inear 

regress ion with TFR accounted for up to 26 

percent of the wor kpace var iance , however , 

r egress ion with AUC accounted for substantially 

more , up to 79 percent . In searching the 

l i ter atur e for an analogous TFR-AUC d ifference 

to conf irm the general ity of our find ing , we 

found in a r ecent analys is of  data from 47 

sector s at the Boston and New Yor k  Center s ( Re f .  

8 )  a d i fference of  the same magnitude . The 

other cor relations were between wor kpace r atings 

on a 16 category scale and e i ther the traffic 

count per hour ( r =0 . 49 ) , which i s  a measur e of 

traffic flow rate , or the peak traffic count per 

10 minute interval ( ra0. 7 1 ) , which i s  s imilar to 

8 2  
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TABLE 4-3 . CORRELATIONS BETWEEN MEASURES OF TOTAL WORKLOAD AND MEASURES OF AIRCRAFT TRAFFIC 

WORKLOAD RATED SECTORS 

VS . TRAFFIC FLOW RATE IN VS . AIRCRAFT UNDER CONTROL IN 
BDF MI.I VAINS FARMM PIA BDF MI.I VAINS FARMM PIA 

RATED 
WORKLOAD N = 48 0 . 52 0 . 51 0.44 0 .48 0 . 37 0 .75  0 . 61 0 . 85 0 . 85 0. 77  
(WORKPACE) N CI 24 0.48 0 . 52 0.41 0 .47 0 .43 0 . 67 0 .49 0 . 89 0 . 78 0 . 77 

COMPUTED WORKLOAD 
TOTAL N = 24 0 . 59 0 .49 0.40 0 .44 0 . 54 0 . 90 0 . 96 0 . 90 1 .00 0 . 92 

ROUTINE N CI 24 0.44 0. 37 0 . 38 0.44 0 . 38 0 . 68 0 . 83 0 . 78 1 . 00 0. 71  

UNRATED SECTORS 

VS . TRAFFIC FLOW RATE IN VS . AIRCRAFT UNDER CONTROL IN 
I 

COMPUTED WORKLOAD JOT DBQ lOW WDPT RFD MCK JOT DBQ lOW WDPT RFD MCK 

TOTAL N .. 8* 0. 61' 0.74 0 . 36 0 .45 0 .46 0 . 74 0 . 92 0 . 97 0 . 97 0 .98 0 . 98 0 . 97 

ROUTINE N = 8 0 . 60 0 . 63 0 . 20 0 . 37 0 . 56 0 . 69 0 . 71 0 . 92 0 . 87 0 . 93 0 . 92 0 . 83 

*N = 6 for RFD 



4 . 4 .  2 

• 

our measure of a i r c r a f t  under contro l .  The 

c i ted correlations were for a group o f  d i f ferent 

sector s ,  whereas ours are for individual 

secto r s .  The high degree of agreement ,  despite 

various procedural d i fferences between the 

present study and the recent c i ted study , 

attests to the generality of the finding that 

workpace is more highly correlated with AUC than 

wi th TFR. 

Computed Workload as a Function of Tr a f f i c  

Consistent with the pattern shown by Rated 

Horkload , Computed Workload is also more 

strongly related to AUC than to TFR. Table 4-3 

shows that for Routine workload in rated 

sector s ,  l inear regression accounts for less 

than 20 percent of the variance w i t h  TFR, but 

more than 46 percent with AUC. Ag ain , 

substan tially more var iance i s  accounted for 

u s i ng AUC, which therefore permits more precise 

workload pred ictions.  

Computed Routine Workload , as well as 

Surve i l lance workload and Conflict Prevention ' 

workload , are components o f  Computed Tota 

Wor k:road ,  which also shows a stronger 

relationship with AUC. But the very high 
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correlations in the case of Total Workload are 

due , in par t ,  to the way that the other wor kload 

components wer e  der ived using AUC ( see the 

preced ing chapter for details ) .  The same 

qual ification appl ies to the Routine Computed 

Wor kload in FARMM J this wor kload component was 

der ived as a function of AUC from VAINS , because 

voice communications data for FARMM were 

unavailable . 

Before this  analys is , it  was conceivable that we 

would f ind that Computed Wor kload is highly 

correlated with Traffic Flow Rate and Rated 

Wor kload is h ighly correlated with Aircraft 

Under Control , these correlations wer e  

evidently not compared in previous research . 

The fact that both measures of wor kload are 

highly correlated with the same measure of 

traffic is impor tan t ,  because the agreement is 

one kind of  evidence that suggests the two 

wor kload measures reflect the same aspects of  

the control process . 

Baving establ ished that the relationship with 

Aircraft Under Control is general , we selected 

this  tr affic measure as the basis  for pred icting 

wor kload us ing least squares r egression 

equations fit to the data . In the following 
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section , the l inear equat ions fi t to Rated , 

Computed , and Judged wor kload are descr ibed . 

4 . 4 . 3  Linear Wor kload-Traffic Functions 

Linear funct ions relat ing wor kpace to AUC are 

g iven in Table 4-4 . The strong linear relation 

ind icated by the h igh correlations is 

reminiscent o f  resul ts obta ined pr ev iously in 

terms of peak a ircraft under control at  a number 

of air tr aff ic control fac il ities ( e � g . , Ref .  

9 )  • 

Scatter plots for l inear funct ions that relate 

Computed Total wor kload to AUC are illustrated 

in Fig s .  4-3 and 4-4 , for rated and unr ated 

sector s ,  respectively . Because the wor kload and 

traffic var iables are very h ighly corr elated ( r  

is at least 0 . 90 ) , the wor kload assoc iated with 

a g iven level o f  tr affic can be estimated 

prec isely . 

Linear functions involving J udged Wor kload , 

der ived from quest ionnaire responses expr essed 

on the same scale as the wor kpace scale , are 

g iven in Table 4-5 . For each stud ied sector , 

the wor kload-tr affic j udgments ( the Append ix , 

Interview 3 )  o f  f ive controller s wer e  combined 

into a s ingle set of wor kpace-traff ic pai r s  to 
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TABLE 4-4 . WORKLOAD AS A FUNCTION OF AIRCRAFT UNDER CONTROL 
FUNCTIONS DERIVED FROM OBSERVERS ' WORKPACE RATINGS 

NUMBER OF WORKPACE-TRAFFIC 
AREA SECTOR OBSERVATIONS CORRELATION SLOPE INTERCEPT 

WEST 
WING MI.I 48 0 . 67 0 . 25 0 . 66 

24 0 .49 0 . 21 1 . 17 

PIA 48 0 . 77 0 . 36 0 . 71 

24 0 . 77 0 . 31 1 . 65 

WEST 
TERMINAL VAINS 48 0 . 85 0 . 62 -0 . 18 

24 0 . 89 0 . 68 -0 . 37 

FARMH 48 0 . 85 0.52 0 . 54 

24 . 0 . 78 0 . 46 0 . 93 

WEST 
HIGH BDF 48 0 . 75 0 . 37 -0 . 27 

� 

24 0 . 67 0 .35 0 . 16 

Note : 

Two controller raters alternated between the two West Wing sectors . 

contro llers alternated between the two West  Terminal sectors _ 
-

Two 

One controller rated the West  High sector . 

Sectors are listed in each area by increasing judged control difficu lty . 
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which a l inear least squares r egression function 

was f i t .  Table 4-5 g ives the slopes , 

i ntercepts , and correlations 1 cor relations 

r ang ing from 0 . 79 to 0 . 92 ind icate very prec ise 

l inear relationships . 

These thr ee groups of wor kload-tr affic functions 

will be used to estimate wor kload values in 

r el at ion to addi t ional j udgments that 

controllers made r egard ing sector control 

d i ff iculty . 

4 . 5  WORKLOAD AS A FUNCTION OF SECTOR CONTROL DIFFICULTY 

The concept of wor kload i s  assoc iated with the idea of 

wor k  d i fficulty ,  at least to the extent that a more 

d ifficul t task can cause an ind ividual to wor k  harder . 

Wor king harder , the ind ividual might feel more heavily 

" loaded " physically or mentally . Dur ing informal 

conversations with air tr affic controller s regarding 

the ir control areas,  the controlle r s  somet imes 

d ifferentiate among sector s in terms of  the sectors '  

relative control d i ff icul ty as a cause for d i fferences 

in wor kload . In order to obta in formal data that might 

be used as a tool for analyzing the val id ity of the 

wor kload measures collected in this study , we asked 

controllers to j udge the relat ive difficulty of the 

studied sectors in the ir control areas ( the Appendix , 

Interview 1 ) . 

90 
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TABLE 4-5 . WORKLOAD AS A FUNCTION OF AIRCRAFT UNDER CONTROL 
FUNCTIONS DERIVED FROM QUESTIONNAIRE JUDGMENTS 

WORKLOAD-TRAFFIC 
AREA SECTOR CORRELATION SLOPE INTERCEPT 

WEST 
WING MI.I 0 . 84 0 . 29 1 . 27 

PIA 0 . 9 1  0 . 36 0 .47 

WEST 
TERMINAL RFD 0 . 85 0 . 42 0 . 61 

WDPT 0 . 79 0 . 37 1 . 57 

VAINS 0 . 86 0 . 31 2 . 10 

FARMM 0 . 92 0 .41 1 . 27 

WEST 
HIGH MCK 0 . 88 0 . 29 0 . 23 

lOW 0 . 84 0 . 30 0 . 68 

JOT 0 . 86 0 . 41 0 . 53 

BDF 0 . 85 0 . 36 0 . 66 

DBQ 0 . 84 0 . 34 0 . 42 

Note : 

In each area , five journeyman controllers judged the typical 
workload (workpace scale) produced by specified numbers of 
aircraft displayed simultaneous ly on the PVD in each named 
sector . The above parameters are for linear least square 
functions fit to the combined ratings . Sectors are listed 
in each area by increasing judged control difficulty . 
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4 . 5 . 1  Measures o f  Relative Sector Difficulty 

The controllers assigned each stud ied sector to 

a position on a seven category scale ( analogous 

to the wor kpace scale )  according to the sector ' s  

relative control difficulty . Each controller 

was also asked to explain in his own words why 

he bel ieves the sectors d iffer . Later , we 

assigned integers of 1-7 to the controller s '  

position responses .  The responses for each 

sector were averag ed over the f ive controller s 

who wer e  interviewed . 

Mean j udgments for each sector are plotted in 

Fig . 4-5 : the dispersion around the mean is  

based on the standard deviation of  the five 

controller s '  j udgments . Why the sector s differ 

as shown is  suggested in Table 4-6 by the l ist 

of the d iff icul ty factors that the controllers 

cited . The number of controllers (maximum of  

f ive in  each area)  who c ited each factor is  

g iven . We see in the table that the total 

number of d i fficulty c i tations for a sec tor 

tended to be higher , the higher the mean rating 

of sector d iff iculty . Accord ing to the 

controller s ' diff icul ty c itations , a typ ically 

high volume of  traffic is one factor that 

contr ibutes to the difficul ty of some sector s .  

9 2  
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TABLE 4- 6 .  NUMBER OF CONTROLLERS CITING DIFFICULTY FACTORS I N  CHICAGO SECTORS 

WEST WING WEST TERMINAL 1>mST HIGH 
DIFFICULTY FACTORS PIA MI.I FARMM VAINS WDPT RFD DBQ BDF JOT lOW 

Heavy Traffic Volume 3 5 5 2 3 1 2 I 
Small Airspace 2 2 2 3 

Brief Sector Flight Time I I I 
Numerous Airports 2 

-

Quick Procedural Adjustments I 2 

Much Intersector Coordination 2 1 I 1 

Complex Control (Merging , 2 2 1 I 4 I I 1 
Spacing) 

Holding 2 

Complex Aircraft Flight Paths 2 

Intersecting Flight Paths 2 1 1 1 2 
Aircraft Changing Altitude 1 1 2 2 3 

Mix of Aircraft Types 2 1 

Total Number of Controller 16 6 12 13 6 2 8 9 6 2 
Citations 

Average Rating of Sector 6 . 6  4 . 8  6 . 6  6 .4  5 . 0  3 . 8  7 . 0  6 . 0  5 . 8  4 . 2  
Control DifficUlty 

Total Citations Minus Traffic 13 6 7 8 4 2 5 8 4 1 
Volume 

MCK 

I 

1 

2 . 8  

I 



4 . 5 . 2  

Subtr act ing the tr affic volume c i tations from 

the total number of c itations produces a rough 

measure of " residual " difficulty attr ibutable to 

factor s other than tr affic . 

Because the measur e of residual difficulty 

excludes c i ted d ifferences in tra ffic volume , 

the measure appear s to be more appropr iate than 

the mean diff icul ty rating for use as a 

pred ictor of wor kloads that are estimated for a 

f ixed level of traffic . Nonetheless , the 

residual difficul ty measure ( based on 

controller �' unconstr a ined statements) shows no 

practical advantag e  over the mean d i f f iculty 

rating ( based on controllers.' categor izations on 

a designated scale )  in the pr esent data l 

similar r elationships are found when these 

measures are used to pred ict wor kload estimates 

for different sector s .  

� compar ison
'
�In9 Workload Estimators 

� Control 01 cul ty 
Relative 

For a f ixed level of  aircraft , specifically 1 0  

aircraft under control , wor kload-tr affic 

functions for Rated Wordload (Table 4-4 ) , Judged 

Wor kload (Table 4-5) , and Computed Wor kload 

( Figs . 4-3 and 4-4 ) , were used to calculate a 

wor kload for each stud ied sector . These 
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workload estimates are plotted in Fig . 4-6 as 

functions of the mean sector d i f f i cu l t y ,  and in 

Fig . 4-7 as functions of the residual sector 

d i ff iculty c i tations (minus those for t r a f f ic 

volume) • 

In the f i g u r e s ,  least squares l ines a r e  shown 

d rawn through the estimates of Computed and 

Judged Workload for the sectors i n  each control 

area. 

Figures 4-6 and 4-7 reveal some useful 

character i s t i c s  of the Computed Wor Hoad 

measure .  F i r s t , the measure is evidently a 

sensjtive index of 

workload i s  highe r ,  

control d i f f i cu l t y .  

sector conteol d i f f i c u l ty� 

the greater the sector 

Second, the measure i s  

evidently a more--sensitive index of sector 

control d iff icul ty than Judged 

sectors which d i ffer in terms of 

WOLkload � 

Computed 

Workload do not all d iffer in terms o f  �udged 

workload . Thi r d , the measur � agLees w i th Rated 

Workload (workpace) as indicated by the 

consistent ordering between sectors; in the 

Wing a r e a ,  MLI shows less Rated and less 

Computed work than PIA, and in the Terminal 

a r e a ,  FARMM shows slightly less work than VAINS. 
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The impressive consistency between Computed 

Wor kload and subjective measures that ind icate 

sector d ifferences is fur ther evidence 

suggesting that Computed Wor kload is valid from 

a controlle�' s pOint of view . Add itional 

favorable evidence is produced by the next 

analys is , which concerns the sensitivity of 

Computed Workload to wor kload var iations within 

an ind iv idual sector . 

4 . 6  CORRELATION BETWEEN CONCURRENT MEASURES OF RATED AND 
COMPUTED WORKLOAD 

Wor kpace ratings wer e  made months before Computed 

Wor kload was der ived offl ine from data that was 

recorded automatically while the r ated control 

activi ties occur red . Therefore , in a real sense , we 

may ask whether Rated Wor kload pred icted Computed 

Wor kload . The pr esent approach to this  question is to 

examine the degree to which concurrent values o f  Rated 

Wor kload and Computed Wor kload covary in a mathematical 

sense . 

The product moment correlations between concur rent 

val ues of the two var iables are listed in Table 4-7 . 

In the table , correlations are g iven for Computed Total 

Wor kload , as wel l  as each of the three wor kload 

components compr ising the total , namely , Rout ine , 

Surve illance , and Conflict Prevention Wor kload . For 
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TABLE 4- 7 .  COMPUTED WORKLOAD PREDICTED FROM RATED WORKLOAD 
(WORKPACE) 

SECTOR PREDICTED VARIABLE r 100xr2 b a 

BDF ROUTINE 0 . 69 47 . 6  1 . 39 1 . 84 
(14) SURVEILLANCE 0 . 67 44 . 9  0 . 57 2 . 11 

CONFLICT PREVENTION 0 . 70 49 . 0  0 . 58 0 . 26 
TOTAL 0 . 75 56 . 2  2 . 55 4 . 21 

MI.I ROUTINE 0 . 30 9 . 0  0 . 50 2 . 36 
(54) SURVEILLANCE 0 .49 24 .0 0 . 35 1 .47 

CONFLICT PREVENTION 0 . 53 28 . 1  0 .48 0 . 27 
TOTAL 0.42 17 .6  1 . 33 4 . 10 

VAINS ROUTINE 0 . 79 62.4  1 . 70 -0 . 93 
(57) SURVEILLANCE 0 . 89 79 . 2  0 . 68 1 . 27 

CONFLICT PREVENTION 0 .87 75 . 7  0 . 34 -0 . 52 
TOTAL 0 . 87 75 . 7  2 . 7 3  -0 . 19 

FARMM ROUTINE 0 . 78 60. 8  1 . 26 1 . 80 
(73) SURVEILLANCE 0 . 78 60 . 8  0 . 75 1 . 08 

CONFLICT PREVENTION 0 . 76 57 . 8  0 . 36 -0. 41 
TOTAL 0 . 78 60 . 8  2 . 36 2 . 46 

PIA ROUTINE 0 . 78 60. 8  1 . 56 -1 . 15 
(75) SURVEILLANCE 0 . 77 59 . 3  0 . 64 0 . 17 

CONFLICT PREVENTION 0 . 74 54 .8  0 . 82 -1 . 60 
TOTAL 0 . 83 68 . 9  3 . 01 -2 . 57 

NOTE : Each computed workload variable was predicted using least squares 
linear regression ; N = 24 for each fitted function. 

r Q product moment coefficient of correlation. 
100xr2 � percentage of variance accounted for assuming a linear prediction 

rule. 
b � slope of least squares prediction function. 
a = intercept of least square prediction function. 
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sec tor s  BDF , VAINS , FARMM , and PIA, ratings accounted 

for an impress ive , 56-76 percent of the Total Wor kload 

var iance . For MLI , although the correlation ( r=8 . 42 )  

i s  rel iably g reater than zero ( level o f  significance 

less than 8 . 0 5 )  as in the other sector s ,  only 18 

per cent of the Computed wor kload var iance is accounted 

for . We cannot ascer tain in retrospect which of  the 

two measures erred with respect to the wor kload that 

the R controller in MLI actually exper ienced . 

The operational signi ficance of these cor relations is 

suggested more d ir ectly by Figs . 4-8 and 4-9 , which 

illustr ate the way that the two wor kload measures 

covary within each hour that VAINS ( the highest 

correlation) and MLI ( the lowest corr elation) wer e  

observed . Clearly , Computed Wor kload has the 

capabil ity of tracking Rated Wor kload to an impressive 

degr ee . 

4 . 7  WORKLOAD AT CAPACITY 

Evidence has been presented suggesting that Computed 

Wor kload is both a sensi tive and a val id measure of 

controller wor kload in today.' s enroute sector s .  

Because the empir ical wor kload-traffic function is 

essentially l inear for a wide r ange of traffic levels , 

there is no ind ication in the function of  an upper 

l imit . As a resul t ,  other sources of information must 
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be used to estimate the wor kload assoc iated with 

traffic capac i ty .  

Capac i ty i s  defined as the max imum number o f  aircraft 

that the aver age a controller can handle safely dur ing 

an interval of  time on the order of  f ive minutes . Thi s  

defini tion i s  consistent with the conditions that 

controller s who responded to the questionnair e  on the 

wor kload-traffic relationship ( the Append ix , Interview 

3 )  assumed . The controller s ' questionnaire responses 

are a potential source of the add i tional information 

that is needed . 

Wor kload was j udged on the wor kpace scale , which has an 

expl icit upper l im it , "Very Heavy , "  that might be used 

to estimate the capac i ty or near-capac ity tr affic level 

in a sector . 

To per form thi s  analys is , the l inear wor kload-traffic 

func tions for questionnaire  j udgments (Table 4-5 ) wer e  

used to estimate two traffic levels ,  one assoc iated 

with "Average" wor kload , the other with liVery Heavy" 

workload . The traffic estimates are shown in Table 

4-8 . An analogous procedure was used to der ive tr affic 

level s from wor kpace ratings (Table 4-4 )  J these traffic 

levels are g iven in Table 4-9 . 
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TABLE 4-8 .  COMPUTED WORKLOAD FOR SELECTED WORKPACE VALUES 
DERIVED FROM QUESTIONNAIRE RESPONSES 

AREA AIRCRAFr FOR COMPUTED AIRCRAFr FOR COMPUTED 
AND "AVERAGE" WORKLOAD "VERY HEAVY" WORKLOAD 
SECTOR WORKLOAD (MIN) WORKLOAD (MIN) 

WEST WING 

MLI 9 . 41 9 . 82 19 . 76 2 2 . 90 

PIA 9 . 81 12 . 13 18 . 14 23 .46 

WEST 
TERMINAL 

RFD 8 . 07 8 . 56 15 . 21 18 . 77 

VDPT 6 . 57 9 . 24 14 . 68 21. 65 

VAINS 6 . 13 9 . 60 15 . 81 30 .80 

FARMM 6 . 66 11 . 19 13. 98 24 . 51 

WEST HIGH 

MCK 13 .00 13. 44 23. 35 25 . 55 

lOW 11 . 07 9 . 97 21.07 19 .67 

JOT 8 .46 12 . 50 15 . 78 21. 06 

BDF 9 . 28 13 . 03 17 . 61 26 . 27 

DBQ 10 .53 13 . 78 19 . 35 25 .86 

MEAN 11. 21 23. 64 

NOTE: Sectors are listed in each area by increasing judged control difficulty. 

l O S  



TABLE 4-9 . COMPUTED WORKLOAD FOR SELECTED WORKPACE VALUES 
DERIVED FROM WORKPACE RATINGS 

AREA AIRCRAFT FOR COMPUTED AIRCRAFT FOR COMPUTED 
AND "AVERAGE" WORKLOAD "VERY HEAVY" WORKLOAD 
SECTOR WORKLOAD (MIN) l;ORKLOAD (MIN) 

WEST WING 

MLI 13 . 13 14 . 66 24 . 94 30 .01 

PIA 9 . 14 11 . 2 2  1 7  . 55 22 . 66 

WEST 
TERMINAL 

VAINS 6 . 74 10. 94 11. 54 21.45 

FARMM 6 . 65 11 . 17 12 .41 21 . 66 

. .  WEST HIGH 
BDF 11 . 54 16 . 62 19 . 60 29 .43 

MEAN 12 . 92 25 .04 

NOTE: Sectors are listed in each area by increasing judged control difficulty. 
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There ar e  apparently no publ ished data to compare with 

the tr affic estimated for "Ve ry Heavy" wor kload . But 

we find assumed in a model appl ied to �' Bare 

International Airpor t oper ations that an approach 

controller ' s  tr affic wor kload "may never exceed 14  

aircraft" (Re f .  10 , p .  B-1 5 )  under control at  one 

time . Inter estingly enough , the four sectors we 

studied in the West Terminal area , wh ich interfaces 

wi th � ' Hare , have " Very Heavy" traffic values close to 

14 aircraft , specifically 1 3 . 98-1 5 . 81  a ir cr aft . Our 

appl ication of the "Very Heavy" 

approx imate 

val id . 

traffic capac ity 

tr affic est imates 

could , ther efore , 

to 

be 

The traffic estimates wer e  input to the 

wor kload-tr affic functions for Computed Wor kload (Figs . 

4-3 and 4-4 ) , in order to calcul ate the amount of wor k  

for the two wor k  levels . These wor kload value s in 

minutes are shown in Tables 4-8 and 4-9 next to the 

input traff ic level s used to calcul ate them . 

Ideall y ,  we would expect to see in Tables 4-8 and 4-9 a 

constan t value of Computed Workload assoc iated with 

"Average" wor kpace , and a higher constant value 

assoc iated with "Very Heavy" wor kpace .  In Table 4-8 , 

we see that the wor kload values are wi th in the r ange 

8 . 56�1 3 . 78 minutes for "Average "  wor kpace , and 

1 8 . 77-3 0 . 80 minutes for "Very Heavy" wor kpace . 
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Similarl y ,  in Table 4-9 , the calcul ated wor kload values 

are 11 . 1 7-16 . 62 for "Aver age" and 2 1 . 45-3 0 . 01 for " Very 

Heavy" wor kpace s , r espectively . All the r easons for 

thi s  var iabil i ty ,  wh ich is par tl y  due to j udgmental 

factor s ,  are not known , but constants can still  be 

der ived from these r esul ts for prac tical purpose s .  

To estimate a constant value o f  Computed Wor kload for 

future analyses that require a cutoff or c r i ter ion , as 

in the ATF model , we shall calculate a mean wor kload 

using the wor kload values for the d ifferent sector s .  

From Table 4-8 ( for questionnaire j udgments ) ,  we obtain 

mean wor kload values of . about 1 1  and 24 minutes for 

"Aver ag e "  and li Very Heavy" 

These means are sl ightly 

could der ive from Table 4-9 

wor kpaces , respectively . 

lower than the val ue s  one 

( for wor kpace ratings ) ,  

spec ifical ly , 13 and 25  minutes . 

These estimated values of wor kload might be appl ied in 

analyses of resul ts from the ATF model , or in analyses 

of Computed Wor kload data . In such case s , the "Very  

Heavy" wor kload estimate would 

approx imation of wor kload at capac ity .  

be used as an 

The "Average"  

wor kload est imate could be used to detect when wor kload 

exceeds the sector average value . 
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4 . 8  CONVERGING LINES OF EVIDENCE REVIEWED 

This analysi s  has presented evidence ind icating : 

1 .  The wor kpace rating s ,  the source of  Rated Wor kload 

estimates , are consistent wi th what the rater s 

bel ieved are typical tr affic levels in the stud ied 

sector s .  

2 .  Computed Wor kload and Rated Wor kload are both more 

strongly related to Aircra ft Under Control than to 

Traffic Flow Rate , suggesting they r eflect the same 

aspects of the control process . 

3 .  Computed Wor kload 

order ly functions 

di ff icul ty . 

and 

of 

Rated rior kload are both 

j udged sector control 

4. Computed Wor kload and Rated Wor kload are 

substantially correl ated with each other 1 the 

former can track the latter quite closely as a 

function of  time . 

From these r esul ts , we conclude that Computed Workload 

is a sensitive , val id measure of R controller workload . 
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5 .  CONCLUS I ONS 

5 . 1 V ALI DAT I ON OF WORK LOAD EST I MATE S  MADE B Y  CONTROLLERS 

T wo i ndependent es t i ma te s  nf wor kload mad e by jo urn e y­

men con tro l l ers we re u s ed a s  s ta ndards i n  eva l ua t i ng 

RECEP a s  a work load mod e l . They a r e  wor k pa c e  rat i n gs 

made i n  r ea l -ti me for s pe c i f i c t i m e  i n t er va l s  a nd 

long-t e rm Judgme n ts o f  wo r k l o ad ba s ed o n  pa s t  e xper i ­

e nc e  i n  wo r ki ng t h e  �e c tors . The two e s ti m� t e 5  a r e  t n  

s ubs tan t i a l  a gr�e�e�t con ce rn l nq the number o f  a i r c ra ft 

whi ch produ c e  va r io u s  wo rk l oad leve l s  in t he f i v e  s e c ­

t ors fo r wh i ch wo r k pa ce rA t i ngs we r e  ta k e n .  I t  I s  con ­

c luded tha t t he two f orms o f  e s ti ma te s  a r e  co n s i s t ent 

w i thi n thems e lv e s  a nd t here fo re s erve a s  va l i d  s ta n ­

d a r d s  f o r  eva lua ti nq RECE P .  

5 . 2  V AL IDAT I O N  OF RECEP A S  A WOR KLOAD I NDEX 

N Ulf,e r i ca l va l u e s  for con tro l l e r  wor k load as computed by 

RECEP a re s trong l y  co rre la t ed w i th work pa ce ra t i ngs 

t a k en s i mu l  ta neolls ly o v e r  ;:J l a rq e n umbe r of t es t i n te r­

v � l s . I n  tour o f  the fi v e  ra t ed se c tors , wor kpa c e  ra t ­

i �Qs a cco unted for 56-76 per c e n t  o f  the RECEP wo rk lo;:Jd 

var i a nc e .  E i qh teen oer cent o f  the va ri a n c e  WqS a c ­

coun ted for i n  the fi f t h  sec to r ,  �L I , whe re tra ff i c  wa s 
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s i gn i fi c� n t l y  o e l o w  Av erage .  

RECEP wnr k l oad va l ues � nd the 

I n  a ll  f i ve se c tnr� . t he 

work pa ce ra t1 nqc; t ra c k 

e a c h  o t h e r  a s  a fnn c t i on 0 f ti m e  to a n  i mpr e s� i  ve d e ­

gree . The s e  fi nd i ngs l ead to the conc l us i on tha t REC EP 

i s  a va l i d  i nd e x  of the l ev e l  of wor k load wi th i n  i nd i ­

v idu,IJ 1 s e c  tors . 

Two e s t1 m�t es o f  s e c to r  r e l a ti ve con t ro l  di ff i cu l ty 

w i th i n e a c h  a rea o t  s p e c i a l i za tion were oota i � ed from 

con tro l l er i n te rv i e ws and que s ti onna i re s . Wo rk lnad va­

l ue s  a ssoc i a ted w i t h  a fi x e d  ntlmb er o f  a i rcra ft und e r  

con tro l w e r e  comput ed from th r ee source s .  RECE P .  wor k­

poli c e  ra ti ngs . and Judged work load from q ue s t io nna i re 

data . The work l oad va l ue s  f rom a l l thr ee sourc e s  were 

h i g � I Y  corre la t ed wi th t h e  t wo e s t i ma t es o f  re l a t i v e  

s ec to r di f f i cul t y ,  I . e  • •  the h i gh e r  t h e  s e c to r  d i ff i ­

c u l ty .  the hi qh e r  the work loa d .  RECEP wor k load a ppea rs 

to De a v ery s e n s i t i v e  i ndi ca tion of s ma l l  d i fferenc e s  

i n  r e l a t i v e  s e c to r  d i f fi cu l ty .  These f i nd i ngs l ead to 

the con c l us i on tha t R ECEP va l ue s  a re a va l i d  I ndex for 

c o� pa rl ng wo rk load from o ne s ec tor to a no t h e r .  

5 . 3 V A L I DAT I ON OF RECEP AS A WORK LOAD P RED I CTOR 

Wo rk l oad va lue s obta i ned from R ECEP compu ta t i on � .  wor k­

pa c e  ra ti ngs and .1udged wor k l oad a re a l l h iq h l y co rr e-
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l .ct t ed w i th the mean n umbe r o f  a i  rc ra f t  und e r  con tro l 

( AUC ) . AUC a ccoun t s  fo r  gre� t er than 8 0  oercen t o f  t h e  

v a r i a nce i n  R ECEP wor k loR d i n  a l l e le ven !=l ec to rs � t 'J ­

d i es .  Co rre l R t i o n  coe f f i ci en ts r e l a t i n o  AU C to wor k ­

pa ce a nd Judg ed wo rkl oad ra nge from 0 . 49 to 0 . 89 .  Th i s  

fi nd i ng i s  a s trong i n d i ca ti on tha t the thre e m ea st ires 

o f  wor k lo ad ca pture t he sa me a s pe c t s  o f  the con tro l 

pro c e ss . I t  a l so l eads to th e con c lu s i on t hR t  qECE? i s  

R v a l i d means o f  pred i c ti ng work load wi thi n i nd i v i dua l 

� e ctors tor s pe c i  f i ed l e v e l e;  o f  t ra fti c .  

5 . 4 CALI B RAT I ON OF RECEP AT CAPAC ITY WORKLoAD CON D I T I ONS 

RECE� wor k lo.ctd v.ct l ues mea sured o v e r  a I Rrqe n umbe r  o f  

t e s t  i n te rva l s  fo r e l ev en s e c to r s  a re e ss e n ti a l ly a l i ­

nea r fun ct i on o f  tra f f i c Rnd , the re fore , gi ve no i nd i ­

ca t i o n  o f  a n  u ppe r ,  o r  ca pa c i ty ,  l 1 '11 i t .  RECEP work load 

va l ues for tra f fi c  l ev e l s  a �so c i R ted wi th "v e ry heavy" 

wor k l oad e s ti m� t es obta i ned bot ... f ro m  work oa ce ra t i n gs 

a nd f rom judged work l oad we re i nv e s ti ga ted a s  a po e;s i ­

b l e  u ppe r l i m i t .  Un fo r tuna t e l y ,  i n  bo th ca se s , the v a ­

l ue c;  v a r i ed w i d e l y  from s e ctnr to s e c to r .  Thu s ,  i t  

wou ld be n e c e ssa ry I n  future a pp l i ca t i on s  o f  RECEP/ATF 

to ca l 1 br.ct t e  s e c to rs l "d i vl dua l ly f or ca pa cl ty cond i ­

t i o n s . Thl � I s  � n  I Jn sa tl s fa ctory so l u tion . A mea n  

va lue for a l l s e c tors wh i ch c o rresponds to "v ery heavy� 
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workl oad appears to be a more rea�ona b l e  c ho i c e .  Mean 

RECEP workload v a l lJes o f  2·04 and 25 minutes were obta­

ined when deri ved from " v ery heavy" judged work load and 

livery heavyll workpace ra tings , respec t i v e l y .  I t  i s  r e ­

cOl"llf1ended that 2 4  m i n u t e s  b e  used to repres en t capa c i t y  

workload. recogn i z i n g  tha t t h i .-;- i s  rln a v e rage v a l u e  for 

many se ctor.-;- and contro l l er s .  

J t i s i n t eres t l  n9 t o  nf)te the t RECEP workload v il i l/es a t  

h i g h  tra 1 t1 c  l ev e l s  exc eed 1 5  minutes during a 

1 5-minute i n terv� l .  Th i s  i s  a ttributable to the method 

used I n  cOl"l put t n g  workload . RECEP estme t e s  the t i me 

s pent o n  i ndi vidua l a c t i v i t i e s ,  both menta l and phys i ­

c a l .  Many of these a ct i v i t 1 e s  a r e  performed s i mu l tane­

o us l Y I  thus . i t  i s  Po <; .-;- i b l e  to e x c eed 1 5  min1Jtec; o f  

work I n  1 5  m i n u t e s  o f  e l a psed til'1e. RECEP I s  an index 

o f  cnntro J l er ousyness ra ther than an a o s o l t J t e  measure 

o f  working time versus i d l e  t i lT1 e .  
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APPENDIX : CONTROLLER SURVEY TO DETERMINE SECTOR WORKLOAD LEVELS 

The three appended quest ionna ire forms were used to guide 

controlled interviews of air traff ic controllers during the 

Chicago ARTCC RECEP val idation test s .  The forms were des igned to 

provide long-term estimates of workload level s within sectors 

which were used to compare with short-term RECEP mea sures of work­

load and with workpace ratings . Questionnaires were answered in 

the presence of an interviewer who explained the mean ing of each 

form and solic ited qua li fying in formation when it appeared 

relevant . Controll ers responded for only those sectors in which 

they had had recent R-pos ition experience . A two-control ler team 

(R and D posit ions ) was assumed . The three forms are attached 

and are self-explanatory . Forms l and 3 use a seven-point rating 

scale for ea sy comparison with workpace ratings . 

A - l  



DEPARTM ENT OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION 

TRANSPORTATION SYSTEMS CENTER 

KENDALL SQUARE, CAMBRIDGE. MA 02142 

INTERVIEW 1 :  RELATIVE SECTOR CONTROL DIFFICULTY 

Please select from the fol lowing l ist of sectors only those with which 

you have worked recently . 

SECTOR 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
AREA 

List these sectors below, beside the vertical scale provided . Arrange 

the sectors according to the degree of RELATIVE DIFFICULTY you bel ieve 

typica l R control lers working in them experi ence during typical busy 

per iods . Assume condit ions requir ing a two-control ler (R  and D) team . 

Bri efly explain to the extent that you are able ( you are of course 

aware that the cause of d i f f iculty i s  not always easy to pinpOint ) 

the order you use . 

LEVEL OF RELATIVE DIFFI CULTY YOUR LIST YOUR EXPLANATION 

Most Diff icult to Control c::::> 
Very Difficult c::::> 
Above-Average Difficulty [ � """ 

Average c::::> 
Below-Average Dif ficulty c:::> 
Fa irly Easy [ � ,,/ 

� Eas iest to Control [ ,.... 

A - 2 
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DEPARTM ENT OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION 

TRANSPORTATION SYSTEMS CENTER 

KENDALl. SQUARE. CAMBRIDGE. MA 02142 

INTERVIEW 2 :  OVERALL SECTOR TRAFFIC FLOW 

Please g ive the information requested below for sectors with which you 

have worked recent ly .  Assume typica l  busy conditions requiring a 

two-control ler ( R  and D)  team . 

SECTOR FLIGHT TIME 
Estimate from your own 
experience the average 
t ime in minutes an a ir-
craft i s  under the 
sector ' s  contro1 � state 
any quali fications you 
wish . 

SECTOR TRAFFI C  CAPACITY 
Est imate from your own ex-
perience the maximum number 
of a ircraft that might be 
handed off to the sector 
during gng hour , without 
without causing a typical 
R control ler to " go under " 
or " lose the picture � "  
state any qua l i fications 
you wish . 

AREA SECTOR 
", 

.. 
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DEPARTM ENT OF TRANSPORTATION 
RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION 

TRANSPORTATION SYSTEMS CENTER 

KENDALL SQUARE, CAMBRIDGE, MA 02142 

INTERVIEW 3 :  SECTOR WORKLOAD GROWTH RATES 

This interview a sks the fol lowing kind of question : "When 2 0  aircraft 
are controlled at the same t ime by sector X ,  what degree of workload 
does a typical R controller experience? " Thi s  kind of quest ion i s  
asked for eight levels of a ircraft traffic in each of several sectors . 
The degree of workload you decide i s  appropriate i s  selected from the 
fol lowing l i st of seven values : 

VH = Very Heavy An exampl e of the workload rating procedure i s  
H = Heavy included below with the sectors to be considered . 

AA = Above Average Only consider sections with which you have worked 
A = Average recentl y ,  and assume conditions requiring a 

BA = Below Average two-control l er ( R and D ) team . 
L = Light 

VL = Very Light 

TRAFFIC LEVEL : NUMBER OF AIRCRAFT UNDER CONTROL AT ONE TIME 

AREA SECTOR 1-3 4-6 7 - 9  1 0- 1 2  1 3- 1 5  1 6 - 1 8  1 9 - 2 1  2 2- 2 4  

example X VL VL L A A H VH VH 

1 1 0  cop i e s  A - 4  
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