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6. Absiract
Currently, en route control of high aititude flights between airports uses computer-augmented radar information available on the
. Plan View Display (PVD), Computer Readout Device {CRD), and flight information printed on Flight Progress Strips (FPSs}. The
. FPS contains thirty-one fields that supplement data available on the PVD. While an aircraft is in 2 controlier’s sector, control
L instructions, changes to the flight plan, and other contacts with the aircraft are written on the corresponding strip. This report
| describes 2n experiment that compared the effects of using 2 standard-sized {1 5/16” x 8”) FPS and an FPS reduced both in $ize (17 x
5™} and information on the performance and workload of controlier teams. The teams, from Minncapolis ARTCC, controlled
simulated air traffic in a mixed radar-nonradar environment. Overall, the 1™ x 57 reduced strip yielded deficits in the controf of
nonradar flights but not radar flights. This was evidenced in subject matter experts’ evaluation of nonradar separation, siip
| processing and board management, and, to a marginal extent, in the efficiency of waffic movement through the sector. The radar-
side {R-side) controlier’s awareness was aiso rated lower when using the smaller sizips. Interestingly, the controfiers’ evaiuation of
their own pesformance did not reflect 2 difference between smaller and normal-sizeqd strips. This may help explain why controllers
did not compensate for the smaller strips to any great extent. Only R-side controliers exhibited compensatory behaviors and reported
increased workload. R-side controllers also pointed to the PVD more often. Although there was little compensatory activity, R-side
Centrollers thought workload was greater with smaller strips. R-side conirollers aiso felt it was more efforthil and more frustrating
working with the 17 x 57 strips. Despite the self-reported heavier workicad, controliers nevertheless were able to perform secondary
tasks, such as granting pilot requests, as often and as quickly using smaller strips as they did using standard strips. This study aiso
described specific air traffic ac:ivities fikely to be affected by 2 reduction to 2 17 x 3”7 FPS. Strin marking, speed of strip processing,
and some aspecis of board management seemed especially affected. Inferior swrip marking was evidenced in the on-line expert
evaluation and controllers often reported that the size of the 17 x 57 strip prevented writing. The 2bflity to locate 2 parzicular strip
and find the information on it seems to suffer with a reduction in size as tested in this study. On-line expert evaluations and
controller opinions echoed this problem. Locating strips might have been especialy difficuit for the Reside, thus leading to large
differences in self-reported frustration. Controllers also noted specific problems with the strip display, including the use of shading
replace information typically presented in red. Of board management responsibilities, considered by controliers as generaily inferior
with 17 x 57 strips, removal of deadwood seems less likely to be negatively affected by reduction in strip size. The on-line exper
evaluation rated the 17 x 57 strips negatively and the subject matter experts recorded more negative comments zbout removal of
deadwood under that condition. Gverall, this study does not permit recommendation of the 1"x 57 reduced st-ip as designed for this
study. Suggestions for improving 2 less than standard size FPS are provided.
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Execative Summary

Currently, en route air traffic co*zﬁmi depends
on comsmte:—augmcmeé radar information avail-
zble on the Plan View Display (PVD), Computer
ezdout Device (CRD)}, 2nd the flight informa-
tion available on the Flight Progress Sirip {P“’S)
Thirty-one fields for information are printed on
the strips. This information SLpalechS the
data available from the PVD. While an aircraft is
in the controlier’s sector, the controller writes on
the corresponding strip o reflect the control
instructions, any changes made in the flight plan,
and other contacts with the aircraft.

This report describes an experiment that
compared the effects of using a standard-sized
{1%/16” x 8"} FPS and a smaller {1” x 57) FPS
containing less information on the performance
and workload of controller teams. The teams,
from Mir nqeapons ARTCC, controlled simulated
air traffic in a mixed radar-nonradar environ-
ment. Overall, the 17 x 57 reduced strip yielded
deficits in the control of nonradar ﬂig"*ats but not
radar flights. This was evidenced in the subject
matter exp»rgs evaluation of nonradar separa-
txﬁ)ﬁ, strip processmg and beard management,
and, to 2 marginal extent, in the efficiency with
which traffic was moved through the sector. The
R-sidfe controller’s awareness was also rated lower
when using the smaller sm&,a. Intersstingly, the
controllers” evasuation of their own performance
did not reflect this difference between reduced and
normal strips. This may help explain why control-
fers did not compensate for the smaller strips to any
GZ@." extent.

Only the radas-side (R-sndﬂ) controller exhibited
any compensatory behaviors and only the R-side
reported increased workload. R-side controliers
pointed to the PVD more often. Although there
was little compensatory activity, the R-side control-
ler felt the workload was greater with the smaller

)

as
and more frussr _u‘gwe:k“;g w? hthel
Bespftc being under 2 self-reported |
-Oac, the controliers nevertheless were able ¢
‘L-seca"sd v tasks, such as granting pilot requests,
as often and as quickly usi ng the smaller strips as
they did usnzzg St&ndd’.&(‘}. strips.
This st uc:j also suppirc information about
ahe so@cz ¢ air traffic activities iikely to be af
fected by 2 reduction to 2 17 x 57 FPS. Serip
markmg, speed of strip processing, and some
aspects of board management seemed especially
affected. Inferior st 5ip ;__arkazzg was evidenced in
the on-line expert evaluation and the controllers
often reported that the size of the 17 2 5” surip
preve;? ted writing. The ability to locate a particu-
ar strip and o find the information on the strip
once izwas found seems tosufferwitha *eéucéen
in the size of the strip used in this study. The on-
line expert evaluation and the \.ontroi-‘ex opin-
ions echoed this problem. Locating strips ar’“iga
have been Psa:;ecmiiy “na fict i for the R-side, thus
leading to the large difference in self-reported
frustration. The controllers also noted specific
nroblems with mes;np d'samy includ

T‘)

ling the use

of shadingtor puac‘. information that is typically

presented in red. Of board managemer
ntro

oy

pa

sibilities—considered by the controllers as gen-
erally inferior with 17 x 57 st Ee s—removal of
e iy af.
: ) y to o r\,ga ively a
fected by reduction in strip size. The on-line
xpert evaluation rated the 17 x 537 strips nega-
meore negative comments about removal of dead-
wood under that condition.
dation of the 1”x 3” reduced str!g:o as acsxgnoci for
this study. 5ugg~ssuons for sclecting 2 less than

deadwood seems less like y

tively and the subject matter experts recorded
Over aﬁ ams s&.ciy does not permit recommen-

standard size FPS are made in this report.
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Introduction

The Federsl Aviation Administration {FAA) has
been engaged in an intense effort 1o modernize tae
equipment that controilers use to help ensure the safe
and expeditious movement of the nation’s air traffic.
Forreasons detailed elsewhere, artempts to cofnpiete*y
modernize the system have met with only partial
success. Plans for the Initial Secror Suite System
{ISSS) have been revised significantly. The state-of-
the-art cors mon-consoles that were the technological
underpins:ings of ISSS zre available and will be placed
in the field soon.

Unfortunately, the efforts to automate the presenta-
tion of flight data have been less than successful, and the
common console is no longer planned te incorporaze
electronic renditions of aircraft flight progress strips.
Thus, the problem is to take meximum advantage of the
functional aspects of the common console, while provid-
ingcontrollers with the flight datainformation they need
€0 s¢paraic aircraft.

Currently, en route flight progress data are presentzed
on 1 5/16” x 87 strips of paper called & iagnt Progress
Strips (FPSs). The FPS includes 31 fields in which
information about a particular flight is presented by the
computer or entered and modified by the controller. A

&
ROGRESS STRIPS
ﬁ.;mﬁ IRONMENTS
figure of the current FPS, toges ther with 2n explanation
of the fields, can be found n FAA O 110.652ndis
reproduced in Figure 1 of this 2‘6?0;"{. The FPS is placed
3

in 2 plastic strip holder and these holders are sequenced

and manipuiated in vertical bays next to the radar scops
or plen view display (PVD). If the 8” EPS is retained, 2

bay of these strips will quac%:iy cover the radar associate’s
side of the common-console, making access to the

CO;";SOEC 3 *eecimosagy mmcult, i not x-né;(}aSh, <

57 Flight Pragress Serip

The 17 x

One solution to this problem is to present contr oﬁie;s
with fi ,.ng"xt progress data in much the same way that it is
Curren dy p’eaeﬂ:eﬁ but o reduce the size of the FPS so
that more of the new eguipment is accessible by the
cemroiier However, the functionality of the r?S could

bethreatened byr ch--.g its physical size or by elir
ing some of the :;I information fields. The FPS not only

upplies information to the controller, it is w
-x-odmeé oy e.h° congroller. Thus, 2 smaile
i‘»:s concomirznt reduction of constituent inf
could affect both the controller’s ability to focate and

minat-

WE ‘:I&F; oI

extract information about a  flight and the aoaisry w0 f rvé
enough space to update and noézzy information on t

sirip. Some writing space can be gained by e:smma:mg
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used today. On the bottom, is the 1" x 5" reduc
and computer D in bold.
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ight progress sirips used in this study. On top is the Tight progress sirip (FPS)
ed fight progress sirip (RFPS), which has the cail sign
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fields thar are no gopger of value to the controlier— and

e in che current study. [t is important :

ether controllers can effectivel JCGnt?‘“i traf
FPS is physically reduced in size and some

[ T

z}’"‘zcaﬁv found on the FPS are no longer

There is some evidence that remova! of informa-
tion on the FPS would not necessarily hurt ATC perfor-
{ Barile, Vorzac, & Manning,
1994; Vorwac, Edwards, Fuller, Manning, 1953;
Vortac, Barile, Albright, Truit, Mafméﬂg, & Bain,
1996). Vortac and colleagues have shown thar, at least
in some types of sectors and situations, the 2mount of
information on the stip can be pared considerably
{Vortac et 21, 1993; 1996) or in some cases research
suggests that the strip may be eliminated altogether
{Albright et al,, in press). Although the controller was
often forced to compensate for the lack of an FPS {e.g.,
by doing 2 Flight Plan Readout (FPR)) there was not
necessarily an increase in workload or decrease in perfor-
mance. In fact, in some cases, the controtler was able 1o
spend more time looking at the PVD {using FPRs in lieu
of strigs) than was the case with full FPSs. In another
case, w. h only a one-line 5-field strip and no permitzed
smz)—*narkmg, some aspects of ATC were zctually supe-
rior to 2 full FPS condition in which the controllers were
required to mark the strips. Finally, the Air Traffic Rules
and Procedures Service has recent ly given en route
facilities some latitude in the use of serips. Thus, itis not
unreasonable to assume thar removal of information
from the current FPS may be 2 benign modification of
the way flight data are presented.

One caveat to the above argument is that, to date,
efforts to test the limic of FPS information have used only
sectors in which the flights are continually tracked by the
radar. In mixed envirc-nmems where some flights are
never under radar control, and where others enter and
leave radar control, the role of the FP’S and its constituent
fields seems especially critical.

Cur team was charged with determining the effects of
reducing the size of the current FPS. We began by

mance {Albright, Truir,

consulting with air traffic specialists at the FAA Academy
and then with specialists and National Air Traffic Con-
sroller Association (NATCA) representatives at the Min-
neapolis Air Route Traific Control Center {ZMP ) Al
consulrants were intimately familiar wz:i* controlling
traffic in mixed environments. The purpose of these
frarionswas to derermine what information, if any,
be eliminated from the FPS. Final determination

cons:
coutl

iz
i
-
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of the i;-ifaxmaaion to be presented on the reduced FPS
{(RFPS} was left o the controlier consultants, who zc 2

body tended to be conservative in what information was
removed. For example, although only one controlter fele
that groundspeed was important, groundspeed was, nev-
ertheless, retained on the REPS.

The blank RFPS was identical 1o the currenten route
FPS out was recuced proport tonately w 1
sions. Thus, aif line demarcations were retained on tE‘e
REPS. However, a number of fields in vwhich compurer-
generated information ?.'y,,.caﬁye.p peared were left blank
on the REPS. Specifically, the RFPS no longer contained
the verification s'J'an;, revision number, secior num-
ber, revised ground speed, strip number, previous fix
information {a.hc;ue-,ng estimated time), and next posted
fix. Fone size was aiso reduced.

Finally, we were instructed to indicate information
that currently dppeazs o the controlier E‘ red{e.g., CIB,
special routing, and ca.mgqs‘ with sha :
from a human factors ?oms-o*z-v*eﬂ if spad‘mg reduces
contsast too dramatically it is unm{ely to be a viable
candidate for increasing the readability of critical infor-
mation, the printer targeted to print thic REPS that will
be used with the common console will be incapable of
printing color. Nevertheless, to preview one ﬁnég ag of
he repors, we recommend that any monschromatic
¥ ghiigm“
than shading (e.g., bolding or boxing).

Thel1”x5” R’EPS with eliminared informazion, and with
sé"ading aep;acnv “red information,” appears in mgo. i
The FPS for the same flight is reproduced for comparison.
The currer -t experiment compared the efficien cy and efec-
tiveness of air traffic control “smg the full FPS with the
efliciency 2 .::16 effectiveness of the RFPS.

~t

3'

of critical information use 2 merhod OG‘C

Method
Size
The study was conducted ar ’vimncapens Cenze

—_—

v W3
{ZNiP}, one of 20 Air ROus.C Traffic Control Centers
*{ARTCCS} in the Unired Srates. ZMP is responsible for
airspace from the Canadian border 1o not thern Kansas,
and from eastern Michigan 1o the western Dakoras.
ZMP has z number of mixed sectors: Air t7affic is under
both radar and nonradar contrel. The nonradar volumes

of airspace exist because of a lack of radar sites throvga-
L

out l’}e center’s a.;rSDaCﬁ an G oy, 5’02’ EXE{S}’}E.“_, cecause [o24

£g20 r-fe.pmcaz zmaémmen*s jaed raa & COVETEge.
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Farticipants

Twenty pairs of controllers participated in the study.
Thirty-nine were full performance level {(FPL} control-
lers and one was a developmental {checked-out for the
sector). Mean timeasan FPL 2t ZMP was 7.43 years, and
ranged from 0 to 21.Q years. The controllers had worked
in their current area for 8 years (range .58 - 13.23). Ail
teams except one comprised controllers who had worked
together operationally as Radar-side (R-side) and Data-

ide {D-side} teams prior to the experiment. For the
experiment, one member of each team served as R-side
and one served as D-side for both scenarios. The partici-
pants decided who would perform which duties.

Airspace

Two sectors from ZMP were used in the study (Sector
1,Arez 1; Sector 5, Area 2). Both secrors have substantial
amounts of nonradar traffic, in addition to flights under
radar control. The sectors were chosen in consultation
with our subject matter experts (SMEs}, ene from Area
! and one from Area Z.

Ten teamc were from ZMP’s Arez-1; for the purpose
of this experiment, they controlled simulated traffic in
the Peliston {Sector 1} sector. '

The official sector 1 description

Sector 01 works alf performances of aircraft from the
ground to 12,000 feet MSL. At Peliston (PLN} it is nonradar
5,800 feet and below. South of FLN this increases to 7000
Feet MSL and below, and to the north of PLN this increases
to 10,000 feet MSL and below. The sector becomes active in
the summer months with 2 large amount of recreationat
wraffic. The complexity of this sector becomes evident with the
numerous overlapping approaches coupled with the nonradar
areas. Controllers work with two Approach Controls, Saginaw
{MBS) znd Coilins (APN). MBS is ARTS equipped for
automated hand-offs and flight plans are passed via computer.
APN requires manual coordinations of flight piansand manual
hand-offs. Sector 01 is bordered on the north and east by
Toronto Center (YYZ}, to which {the controller} must coor-
dinate manually both for fight plans 2nd radac hand-offs.
Sector 01 is bordered on the south by Cleveland Center, Flint
Sector. Sector 01 is bordered on the west by Minneapolis
Center sectors 02 and 03. {Tzken from the facility’s sector
nasrative, ZMP7220.1}.

Ten teams were from ZMP’s Area-2; for the pur-
pose of this experiment, they controled simulated
rraffic in the Eau Claire {(Secior 5} sec.or.

The official sector 5 description

rzy of traffic. Though generally small in
ez, sector G5 is a fast moving sector. The wwo airports
generating the most waffic are Ee.. Chire (EAUj and 1a
Crosse (LSE). EAU hac4 IFR approaches. The BCRwy 4 and
ILS Rwy 22 are the most commonly used and vectoss can be
provided for the final approach course 2t the BC Rwy 4. Radar
coverage west of EAU is generally 3000 to 4000 feet MSL,
while east of the VOR coverage below 6000 fect is marginal &t
best. Thirty to 40 miles southeast of EAU coverage does not
exist below 8000 feet. A¢ LSE, thereis 2 part-time VFR control
tower. The ILS Rwy 19, VOR Rwy 13, 2nd the VOR Rwy 36
approaches are most commontly used. Radar vectors are pro-
vided to the VOR Rwy 13 and VOR Rwy 36 final approach
course while radar coverage north of LSE makes vectoring for
the ILS Rwy 18 approach very difficult. Coverage below 5000
feet nosth of LSE is very limited. In addition, zpproach
services are provided for numerous smail airports scattered
throughout the sector. Sector §5 works closely with Rochester
{RST} and Waterloo {ALO) approach controls located in the
scuthwest corner of the sector. RST Approach owns 8006 feet
and down while ALO owns 10,000 feet and down. A part-
time GCA unit operates at VOK field just east of the secior 05
boundary. They own 10,000 feet 2nd down. There is also 2
part-time VFR control tower located at the Fort McCoy
{CMY) airport. Two rsestricted areas and 2 MOA’s zre used
within the sector. The taffic flow is generally east to west
censisting of all types of aireraft. Sector 05 remains open ali of
the zime. Al other sectors within the arez combine at Sector
05. {Taken from the facilicy’s sector narrative, ZMP7220.1).

inhandling abroad ar

3]
ey

Design

Each team controlled air traffic during two scenarios,
once using full FPSs and once vsing the 17 x 5” RFPSs.
Order of the scenarios, order of the strip-condition (FPS
or REPS), and assignment of strip condition to scenario
were counterbalanced across the teams, such that each
scenario appeared equally often as first or second, each
type of strip was used equally often first or second, and
each scenario was controlled using each type of strip
egually often.

Scenarios

Scenarios were constructed and tested by the area
SME. Two 50-minute scenarios, comparable in diffi-
culty and realism, were constructed for each area. The
scenarios were intentionally designed to exercise the use
of the flight strips, sometimes including sicuations expe-
rienced in the field, but at a somewhat higher rate. For
example, departures from small airports make use of the
flight progress strips, but their typical occurrence in the

- omms e
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field was less frequent than in our expesimental sce-
narios. When asked about the realism of the scenarios,
53% found nothing unrealistic about the scenarios. The
%

only differences between the simulated scenarios and
their rypical live traffic mentioned with any frequency
busy small airports (9) and more nonradar

e
=3

N

i

{>1) wer
rraffic (5).

The scenz. ios were tested and modified by the SMEs
und} they a,peared : mparable in difficulty, realism,
and complexity. Characteristics of the 4 scenarios appear
in Table 1

On-line Production of Reduced Stvips

Plastic strip holders for the RFPSs were created by
scmovxz:g the middle 3” fiom the strip holders used in
terminal facilities. The smps used by terminal control-
ersare only 1” in height, neady fitting the requ:rememc
for the current study. Similarly, the paper used to prine
terminal strips was used to print the RFPS. The paper,
perforated every inch, was the same color as current en
route FPSs, and was blank on one side, allowing us to
create the RFPS on the blank side of the strip. A wooden
strip bay with metal dowels was constructed to permit
the sequencing and manipulation of the smaller RFPS.
Because it was not possible to interface directly with
the HOST to produce the RFPSs, we utilized 2 program
(i.e., STRIPS} written by the staff at ZMP explicitly for
the parpose of quickiy translating full FPSs into the
RFPS;. An experimenter sat next to the HOST s pr.mer
and removed FPSs as they were made available. This
experimenter identified the call sign to another ex»eri-
menter operating the STRIPS program. The cail sign was

~

used to retrieve the seéeva:nz zrsp from z database o:
1 rs f"e n chan gec the

|
computer ident ficetion nusmber { CID}, any times (hours
) on the strip, and the flight’s 5=“con code.
Because the CID, time, and beacon code depended on
eriod during whxm the pr biem was pre-
sented, it was necessary that these pieces of information
be entered foz each execution of the sccnario. Por
re-oazténgc made by controllers cuzwg the scenario, the
menters either pulled up a strip from the detabase,
anticipating that rerouting, or modified an existing strip
in the database to accammo&aze the route chenge. Ob-
viously, the process of removing sz:éps from the HOST
printer, ?'ansﬁazisg them, and then printing them on the
termina! forms tock longer than simply removing strips
from the HOST printer. This delay was reduced consid-
erably by having the SMEs indicate which of the several
strips printed for a particular flight was, in fact, one that
a controller would use for the flight. Nevertheless, it is
undeniable that controllers received sttips more slowly
in the RFPS condition of this experiment thar they
would when a dedicated printer is interfaced directly to
the HOST. Finelly, the translated RFPS was grinte& on
an EPSON laser printer and handed to 2 ZMP develop-
mental who placed the RFPSs in holders and delivered
the strips (i.e., A-side} for the simulatons.

>

szendent Measures

We collected several dependent measures Ga:::zg tne
course of the experiment. The measures fail under £
categories: Performance, Controller Behaviors, Work-
oller Opinion.

oad, and Coatro

Table 1. Characteristics of the 4 scenatios dsed in the experiment.

50 80 50
43 41 43
g 8 i2
4 O 1
ie 20 37
i8 i7 i5
7 13 g
12 i3 15
g 5 5
13 it i0 ic
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Two instruments were used to assess controller per-
formence. One was a version of the standard OJT
evaluation form (FAA Form 3120-25) modified to focus
mere precisely on strip activity; like an OJ T evaluation,
this On-line Expert Evaluation (OLEE) was perfosmed
by expert controilers while the participant controiler was
engaged in the scenario. The sther was the Post-scenaric
analysis we deveioped previously to assess the number of
remezining control actions (Vertac et 2l, 1993). In
addition, 2 alerts from the controiler’s system were
recorded when they occurred.

On-line expertevaluation. The SMEs assessed control-
ler performance “over the shoulder” while the team was
controlling sr=ffic in the scenario. Each SME had the
OLEE form, as shown in Appendix A. The SME from
the relevant zrez of specialization always observed the D-
side, while the SME from the other area observed the R-
side. Thiswas for 2 reasons. First, an FPL fromadifferent
area can more easily evaluate mistakes apparent on the
radar than miscakes on the D-side. Second, the focus of
the study was on changes in flight data utilization,
suggesting the more knowledgeable controlier should
evaiuate D-side performance. Of course, the SME ob-
servers might differ in how they used the OLEE form,
but because scenarios were counterbalanced across strip
condition, such differences cannot affect the results
systematicaily. Each observer indicared whether cach
performance category was Satisfactory, Needs Improve-
ment, or Unsatisfactory. Observersalso kepra tally of the
mistakes controllers made within each of the OLEE
categories.

_ Post scenario anaiysis. At the end of each scenario, the
2 SMiEs censulted in compieting the post-scenario analy-
sis. The post-scenaric analysis is 2 quasi-objective mea-
sure of performance that we developed for an eatlier set
of studies. The SME determines, for each flight, chose
controller actions still remaining that will successfully
remove the fighs from the controller’s sector. Assumiag
the same starting point, and the same amount of time
allowed for controlling traffic, 2 condition that feaves
fewer remaining actions can be thought of as one that
supported more efficient control. Finally, because FPLs
typically agree on the actions necessary o transit an
aircraft out of the sector, we believe the remaining
actions measure makes 2 strong appeal to objeciivity.

v

ity, we recorded 2 mea-
rmance difficulties,

The current system alerts the controller when it predics
sepzration or violztion of zitizude minimurms
zlerts do not mean that
separation was lost, or even that it will ultimately be lost,
z larger number of such occurrences in one condition
compared with the other may zgain suggest that the

33 : ~ v
controiler is performing less

£ * b1
effectively.

Controfier Bebaviors

The

chaviors in which controllers engage can pro-
vide vaiuable clues o the potential effects ofanew system
on their performance. Some of the behaviorsare likely w0
compensate for an inferior display. Other behaviors are
refevant te performance and suggest poores performance
in one situation than another. All the behavioral obser-
vations descrived below were obrained on-line by ob-
serversseated behind the controliers during the scenarios.
The experimenters used a tally-sheet, 2nd, where appro-
priate, z stopwatch, to record the relevant data. One
experimenter cbserved the behavior of the R-side and
another the behavior of the D-side. For those behavioss
involving communication between the controlier and
pilots, other facilities, or other sectors, the data were
gathered foliowing completion of the scenario from 2
multitrack tape recorder that captured the radio and
telephone communications of the controllers.

Compensasory Behaviors

In order t0 maintain an accepuable level of perfor-
mance, controllers may need to compensate for informa-
tion not present on the RFPS, or not easily seen or
rettieved from the RFPS. Such compensatory behaviors
are not necessarily negative, but they are certainly infor-
mative. For example, in the Albright et 21 study using
field controllers from Adanta ARTCC, controliers with-
out strips compensated by performing more flight plan
reedours. Replacing strip inspection with FPRs had
interesting consequences. Conzrollers could spend more
time looking at the PVD when performing FPRs, and
using the quick zction keyboard (QAK) to obtain other
flight data, than when he or she obtained those data from
thestrip bay. Thus, compensatory behaviors often painted
2 complex picture that must be evaluated car=fully.

In the current study, we recorded several differ-
ent controlier behaviors that could serve as com-
pensatory mechanisms.
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puser via she system’s quick ac E on z{..yboard !Qﬂu(}
The GQAK can be used to deliver the flight plan o0
small screen, the computer readout display {C RD)
Such 2 behavior could occur for either the R-sice or
the D-side, and thus we kept separate tailies of these
QAKX zctivities for the two team members.

Time on strip bay If it is difficult to see or find
information on the smaller strips, the controller may
spend more time viewing the strip bay. For the R-side
controller, this of course means that he or she is
spending less time monitoring the PVD. Time-on-

trip-bay for the D-side is, on the other hand, not a
compensatory behavior. Thus, we recorded this be-
havior for the R-side only.

Time in aural R—D communication. A smaller strip
may be z less valuable zid in communicating between
the two members of the controller team. This deficit
could manifest itself in more R—D aural communi-
cation. For example, the R-side may not be zble to
zecess the informartion from the RFPS quﬁcgciv and
subsequently, may verbauy request assistance from
the D-side. Thus, for each scenaric, we recorded the
cumulative amount of time thar the team membess
spoke to each other.

Poinzing. If a smaller strip is difficult to locate by
one controller, it may require the other controller zo
point to it. This form of nonverbal communication is
quite common, but sharp increases in its occurrence
could be indicativeof 2 p:obhen in searching the strip
bay and detecting the target.

J-rings. }-r'-’gs are multisided polygons that the
controlier can psace around a fhght displayed on the
PVD. These rings zid the controller in discernin
lateral sepz:at.o'x berween flights that are at the same
altitude. Disproportionate use of J-rings in one strip

condition could suggest thart the control 'er is pus%zing
separation standards more in that condition than in
the other.

Route displays. Another compensatory operation
availabie to the controller is displaying the route of 2
flight across the PVD. Agam, if smaller strips make
discerning routes more difficult, we may see controllers

CﬂOOS:-..b [xas OD a 1 route
dssmﬂv

o
a‘.he controller can move the cizta locks manLaiiy. A

controller may choose to
when insufficient informartion is ava %Ee from the
strips. We recorded the number of Coast tracks dis-

:
pla ved for each s ena:io.

)
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er gueries. If t?ze comso‘i‘ier cannot easily
i_p, or if the strip
ecord impor-

Contrali
retrieve the information
itz

T

tant information, the contr Ee: may simply choose to
query the puot zbout the missing dara. ‘We recorded
ail radic and tel phcane communications during the
scenarios and subsequently tallied the number of such

queries made by the R-side and D-side controlless.

{"l.

(=]

Writing. R..aiay, we recorded the number of ?.ime
that z controller, either R-side or D-side, wroteon
riténg on the strips is a central part of boa
nd as we have shown pfevzousiy, an
J behavioral sequences that charac-
wards, Fuller, Vorrac, & Manaing, in
press; Yortac, Edwams, jones, Manniang, & Rotte:,
1993; Vortac, Edwards, & Manni ing, 1994}, How-
ever, the effect of smaller strips on the free"m oy of
writing, while imporeant, is not eassiy prﬂ:ictea Cne
possibiiity is that, because of the absence of informa-
tion, controllers may choose to write more on the
smaller strips. On the other hand, because the strips
are physically much smaller and have less room on
which to write, the controliers may choose to neglect
or postpone strip marking t m,gm otherwise
perfmm. Thus, aimougu the frec_! uency of writing is
cieauy ampo ¢ and worth observing, this measure

H 2 23 ¢
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will not be indicative of the vigh
smaller strips

Workload

1

it may be the case that comparable performance

8
=

1

UL at 2 COSt in the
amount of efforr the controlieris Aecmrec toexpend. We
assessed worklozad in 2 ways. One was a relariv ely direct

be maintained by the controiiers, 1
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query of the controliers of their effort using a standard
instrument. The other measure was 2 more complex, less
direcs, but more unobtrusive measure of workioad.

TLX We used 2 modified version of the NASA TLX
form. The MASA TLX (Hart 8 Straveland, 1988} isan
instrument that allows the assessment of several dimen-
sions of the workload construct: mental demand, tempo-
ral demand, physical demand, effort, frustration, and
performance. Subjects placed an “x” on 2 line ranging
from “low” 1o “high” to indicate their perception of the
worh.oad when conirolling traffic with FPSsand REPSs.

Granting regests. As part of their job, controllers are
ofter: asked to respond to requests made by pilots, other
sectors, and other facilities. Although the frequency with
which controllers grant such requests znd the time it
takes them 1o grant these requests clearly involves more
than workload (e.g., the particular traffic situation,
feasibility of the request), it is clear that workload wouid
be one factor influencing the frequency and speed with
which requests are granted. Thus, communication be-
tween the controllers and the piloss, other sectors, and
facilities were recorded. Requests of the conurolier were
identified and the number of those granted and the time
tzken to grant them were analyzed.

Controller Opinion

- Finally, ¢he opinions of the experts employed w©
operate any new system are a vital part of its assessment.
Thus, we interviewed sach controller to determine oves-
al! opinions of the 2 strip formats. We queried them
using continucus-line scales to determine how well they
liked the formars, how easy they veere to use, how useful
they were, the quality of information, their perceived
eficiency in controlling traffic, and their perceived
efficiency in board management. Subjects placed an “x”
on 2 9.6 cm line to indicate their opinion on each of the
scales. We also included a number of open-ended ques-
tons designed to explore their particuler concerns, if
any, with the reduced sizip, including their opinion asto

“

how it could be improved.
Procedare

Ali teams of controllers were tested during a 2-week

peried in January 1995. After giving informed consent

and completing a short biographical questionnaire, th

team decided on who would serve as R-side. The partici-
»

pants then took their respective places and were ailowed

?edy ok 3 2te ereievg o .
feraCt Wit ing system and the sirips ror us

0 5 minutes before the problem started. During that 5-
2

- £
TO VIew and i

iii

, . i . i S n
minute period, the participants received 2 short briefin

; Vel : Tha Betalne inelidad
from the SME from thet area. The briefing incluced
idiosyncrasies of controliing simulated air traffic on the

DYSIM and an overview of current traffic paramerers,

w U0

inclading “hot” airspaces, ILS approaches, VOR prob-
lems, 2nd so on. The first of the two 30-minute scenarios
then began.

During the scenario, zan A-side controller placed the

FPSs {or R¥PSs) in the strip holders. The primary
specialist stood over the shoulder of the D-side partici-
pant and the other SME stood over the shoulder of the
R-side. Fach SME compieted 2n OLEE for the control-
fer they were observing. Behind and further to the sides
stood the 2 observers responsible for recording R-side
and D-side activity. An obsetver monitoring our audio-
recordings of interfacility communications was plugged-
in overhead and sar behind the SMEs. During the
reduced strip conditions, a pair of experimenters sat off
to the side next o w.2 HOST printer that produced the
EPSs. FPSs wers removed from the printerand translated
into REPSs.

At the end of 50 minutes, the controllers completed
the modified TLX instrument and were given 220 10 25-
minute brezk while the second scenario was set up.
Duting thistime, the SMEs complezed the post-scenario
instrument. When the participanss returned, the proce-
dure was repeated for the second scenario.

At the end of the second scenario, the participants
were separated and interviewed about their experiences

nd opinions, using the post-experimentz] question-
nzire. The participants were then thanked and asked not
to discuss the details of the study with other controllers
until the study was completec.

Resulss

For the analy<es in this report, we chose to compare

the FPS condirun with the RFPS condition using un-
corrected Student t-tests at a test-wise aipha of .35, We
made this decision not only because of the temporal
constraints placed on the production of this report, but
also because such a staristical strategy will be liberal in
rejecting the null hypothesis, 2 bias not without its
benefits when exploring for potential differences.
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Per_;% rmance

“?'e znalyzed 2 ance:

the SuD;-cave
tions form. The OL. ‘e:m centzined overalira
from the SMEs and 2 count of the number of negative
ccurrences or comments by the SMEs. Ove:au, the
quency of negative comments was 2 more sensitive
nstrument than the simple ratings of “satisfactory,”
“needs improvement,’ > and * “ensatisfactory.”

d the E{gma-m g
tmgs

<
Il
i
.
I8

OLEFE Analysis

Aithng?: ratings tended to be less sensitive to

differences between FPS and RFPS than were fre-
quency csums, the Z sets of data were quite clear in
their overal agree"nept that tae RFPSs had ;,ege.t».ve
effects. The mean ratings (Satisfactory = 1; Needs
improvement = 2; Unsatisfactory = 3} and the fre-
guency of mistakes noted by the SMEs are shown in

Tables 22 {R-side) and 2b (D-side).
<

Both R-side and D-side evaiuations were poorer for
the RFPS than the FPS condition in the separation of
nonradar {but not radar) fighss, in effective. strip
mar‘ang essential for comtrol, 2nd in locating th
strips within the bay. In addition, using the 1" x 57

£ 2z 2 A
momra s M o= < s S UM
resuited in an imcreased num

the R-Sicie cOnIro

comments 250
t?ae s&a E

but also the an_im-}r to scan informartiononz
rzp. Finally, the D-side’s board management respon-
swu::y of removin
was affected by the sm
trips seemed o interfere with separat
t"*’%f; and with the R-side’s awareness of the situa-
tion. This de* ci may | be due to difficul
the stz Tip or findis ng information on it, maskmg essen-
tial information on the strip, and removing sz:éps for
flighes no longer under control. Intes es“_-g radar
control was apparently unafected and there was no
indicztion thar nonverbal communication berween
the members of the pair was hindered.

E=3

a2 3 k3 b _'
g deadwood {(but not sequencing)
:

u

Remaining Actions

Results from the Remaining Actions form showed
nio overall difference berween FPSs and RFPSs for the
rotal number of aircraft still under cansaderatzo'x, o1
for the number of proposals remaining in the bay (See
Table 3}. We then used the 1 mng actions datz

from the post-scenario 4naiys;s toanal alyze flights under

Table 2a. OLEE: Ratings {left) and Freguency of Negative Commenits {right) for R-side.

Radar 180 1.70]  ns |Radar | 46 45 s

INonradar 1.80 2.30 nsj iNonradar B8 .28 2,18

= :

Essentiz! for conirol 2238 2.78 11.25, 16.¢3] 2.88

Monesse wtial 1.80 2.18) 7.3] ©.15 ns
2.30 398! 785 B.3E
1.05 05 20 ns
£.08 85 .50 ns
7.40 25 1.8% 243

BOA? j
Removai of dcd’dWGuﬁ 1.25 1.40 ns| iRemoval of ﬁc&%d‘.fof‘fg 3.85; 430 ns
Effeciive sequencing 1.0C 110 nsj (Effective sequencing 36 BC ns

falics=p<. ?C
bold =0 < 08




Conflics alerts and f an-‘?.Ws are, at best, gross
nance, because they could
is imminent. Consistent
reliat lc é:zferences in &gc

e
3
&
o
:5!21
3
[
L2
o
@
3
e
2.
)
W
o
@

Compensatory Bebaviors

1.

Of the 12 behaviors we tallied from the R-side that
could reflect compensatory behavior, including some
communications events {e.g., requests of pilots for
current speed), only the frequency with which they
ointed to the PVD evidenced any difference between

nd FP Ss, #19) = 2.79: Whe2a using reduced
the R-side pointed to the PVD 48% more often
' he or she otherwise did. Notice
that pointing to the PVD more was 7o because the

g

v

controller was ;:aoiv ting to the strips less. OFf the 5
B . . -
behaviors tailied for the D-side, none were signifi-

cantly affected by the type of strip. The frequencies of

compensatory behaviors appear in Table 5.
Workload

TIX

x
>
3

Workload, as assessed by the modified T
analyzed separately for R-side and D-side. The D-side
controller reported experiencing comparable work-
oad, regardless of whether the FPSs or RFPSs were
used. For the R-side, however, the RFPSs produced
greater self-reported effort, 19} = 2.17, and frustra-
Z;:}r:, #i9) = 2.79.

(8

Foees

Granting reguests

-
Anocher less direct, but more objective measure of
wc»'rdedd isthen dm er of ?1;01 req:;es;s granied and

Table 6).

u;(’m \SEE

T e B, =
&S 2, LOMH

Coast ir: 4.55 4,43
Flight P 188 1.82
Boule display 8.00 881
Point-ie-PVD 4,18 8.87
Wiriting 174.8 165.2
5—’05 "C'Dﬁf‘u 34.25 37.38
u 3.00 3.88
View s 1057.00;  1081.30
Vack 2.3 5.40
Ba ege os' P 43 3.67

18

1

DO €
b

Biiot requesis 18.4 20
J-rings 1.3 .38
D-810E
Flight Plan Readout .88 2.1¢
Peint-to-PVD 10.82 $1.73
Point-to-Strip 25.15 28.87
Ofiset slrip 12.55 13.82
Writing 147.80 134,85

RLCC C{}z’v’?M“ SCATION

Time {sec)

188.07

flalics=p < .10

Bold=p<.35

Controilers granted the same percentage of requests,

nately the same amount

of time. Aithoug% the mezn gram time for FPSs
n ean grans time

ars consicgerak

>

Opinion
Whenrthe controllerswere asked to evaluate the 2strio
formats, the results were quite clear {see Table 7. Cn th
& scales, the controllers showed 2 significant preference
c

??S con eacx‘ scale.
responses about the RFPS
were zilowed *o make 23

- £
§ as ;:’Pv' wished; thus, the

S
0
Crn
i
2,
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9
8,
©
"u
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g
A
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were tallied. C ontr :Ier
OmMMEeEnT
= uniess =::é.icatecf., over-represents

those controllers who offered more suggesti
t} fiked 230.:: reduced sirips, 35%

LIEnarvy,

25, wWonen




75.80
56.00
£4.75
57.20

Wental demand
Physical demand
Temporal demand
Effort

Frustration 51.85 78.28
Periormance 4B 40 £8.5C
D-SiDE

89.55
53.70
84.85
§2.7C
48.85
B5.80

Menial demand
Physicai demand
Temporal demand
Effort

Frustration
Performance

i

o
©
wa e i1 0o | o

O[] DIN

[N
N Oy

D~
pors I

GRANTING BEQUESTS
Percent Granted
Time to grant

94.99
8..27]

Bold=p<.08

oller opinion abo

Table 7. Conir

incinded: hard to scan {22}, hard o rezd (16}, CID

g,
bosh bt
S

it o
N

asked if the RFPS board to scan, 98% opined
that it was harder to scan than the norma! bay. Many
of the information retrieval concerns also revolved
around the use of sm.\_ipg, rather than color, to indi-

cate direction of flight and CID. Sha “i:}g is not, ergo-

: good method for
information, ané several ontroii
F : shad '-:z:g, CID
ed by appearing i

nly 3 comments re
formation, ;):eViOLs!

:—jn
b v

Cl 1,
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sy
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lighting critical
s commented on
seemed especﬁaﬁy af-
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Dact
in shading, 1z
voived arouné the excluded in-

vz fix. \' Taen asked if there was

S 75/&@&&

k) o~ - -7
boa‘:sma‘gagem nting épds* ip

-

manipulaze

: to remove
were alse comments a§) ut tiying
to encode written information: h”?c’: to read D-side
w:é‘ing {2), cannot see when R-sid
way (1}. Sixty-five percentof the 'omsof’i’e;s stated they
did notwrite ali required markings and 10% were unable
to write nonmandated informa-

tionn. Resequencing was also

viewed as more difficult with
Ezse of Use 10.18 2.45 1402,  (hereduced sinip (40%) or the
Useiziness 9.88 310 1538  s2me (48%), with }2%, of the
e oY) e 232 controllers not performing any
Quality of informaiion 10.28 5.84 geg ~ ocquencing.
Efficiency of control 5.95 525 7.27]  Woen asked what informa-
Efficiency of board management 873 253 5.85  ton they would remove from

the reduced FPS, 70% said noth-

Bold=p<.05

s

found nothing. Negative comments were: hard 1o see,

bad to write smailer, {ess room, better than no swip at
all, good excuse for not using them. Positive comments
were: fit in the bay, less time to sequence, less space/room
used, dida’t have to reach as far, convenient for the left
handed person, eye-level, less clutter, less paper.

When asked how reduced strips impaired perfor-

-~

mance, the majority of responses fell into co

mends

. - - i <
about information retrieval and about board manage-
ment. Comments about information retrieval

ing. Onlyshading wassuggested
by more than one controiler.
When asked what information
they would 2dd to the reduced FPS, 48% said n o&“..o
Orther comments were: color {13), prcvio s/next fix (8),
CID-modifications {4}, adar indic

non ator {2), size of

arrival/departurearrow (3}, move beacon code (2}, larger
atcitude (2). Previous fix/next fix information was men-
tioned by a significant minority. These concerns often
dealt with flights :sansitmg from Canada; for such

e appeass nowhere elseon
ons" next fix was removed,
Canadian ﬂzgixt* had no temporal information.

»-a- x

[
b
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. e s
mmcated' muttipie ait
ndicztors (10},

normal st-ré; s, COR ‘oiiers
changes {10}, apgroaciv’&eaa:tue in

nonradar environment (8), preplanring (8), holding
73 scanning (6 {6}, none {5}, vectoring arcs {4}, when
busy {4}, and csoivmg conflicts {3). Fin EEy we asked
contr oﬂers ‘f tﬂey couhd sa;eiv contro more, xCSS or

None pzo;ectea an ahmty to control morte traffic ::"
60% believed they would be able to control less.

Conclusions and Recommendations

We compared the performance and workload for
controliers contrelling air eraffic in a mixed radar-
nonradar environment using the standard sized FPS
{1 %16 x8"} and an FPS reduced in both size {1 x 57}

and the amount of information it presented. The

resules from 20 teams of field controllers from Minne-
apolis center are summarized in this report. Overall,
the 1”7 x 5” strip yielded deficits in the control of
nonradar flights, but not in the contro!l of radar
flighes. This was evidenced in the subject martter
experts’ evaluation of nonradar separation, strip pro-
cessing and board management, and, t0 a marginal
extent, in the efficiency with which traffic was moved
through the sector according to the remaining acticns
analysis. Furthermore, the R-side controllers’ aware-

ness was rated lower when using the smaller strips.

Because the problems occurred only with nonradar
flights, such measures as conflict or MSAW zlerts or
the number of J-rings used would not be expecied 1o,
and did not, vary with condition.

Interestingly, the controllers’ evaluation of their
oun ?er*ormance, as indicated on the TLX, did net
reflect this difference between reduced and no ai
strips. This may help expiain why controliers é 4 o
compensate for the smaller strips to any great extent.
in o"&et to compensate for the reduced strips, control-
lers made only one relizble change in their behavier:
The R-side pointed to the PVD more often. This
behavior was not because the R-side pointed to the
smali strips less often. Perhaps the small sirips engen-
deréd mere nonverbal communication overall, but
this .nonverbal communication was not the type that
alerred our subject matter experts to any problem in
intra-ream communication.

Although there was little compensatory activity,
me Qoswae con::o.“g, bﬁt not the D-side controlier,

i

3]

troiler eless were zbie to perform
secondary tasks, like granting pilot requests, as often
and as quickly using small strips as they did using

standard strips.
This sméy g_so sup;:aé;eé zmor‘n tion abo:;zs the

reduction t© 2 E,” x 5” E*'PS. Strﬁp marké_gg_, stsip
processing, and some zspects of board management
seemed cspﬂciaify affected. Inferior strip marking was
evidenced in the OLEE analysisand the controllerso
reported that the size of the sirip prevep ted wiiting.

The 2bility vo locate 2 particular strip 2nd to find
the information on the strip once it was found seems
to suffer with strip reduction. The DLEE and the
contreiler opinions echeed this problem. 'Lecaténg
sezips might have been espec;zahy difficult for the R-
side, thus ieaa‘-irg 1o the ;arge difference in peLCF‘}VCd
frastration. The controllers also noved specific ;neo—
fems with the strip display, including the use of
shad'ng o replace information that is typically pre-
sented in red.

Of board management responsibilities—
considered by the controllers as generally infecior
with small strips — removal of deadwood seems tc be

most likely to be affected Dy strip reduction. 70
OLEE evaluation rated the 17 x 57 strips negative:

and the SLb;ect matter experts recorded more negative
comments about removal of deadwood under thar
condition. Because few controllers compiained about
handling the small strip holders, the deficiency is
likely to iie in an inability to locate those strips ready
for removal.

Overall, it seems clear that the 17 x 57 strip tested
here was inferior to the current FPS, especialiy in the
control of nonradar flights. Thus, based on rhese data,
we cannot recommend that the 1” x 57 strip, as
acslg:\.e& for this study, be considered as a design
option. This, of course, does not mean thar the cur-
rent FPS is the only method of mesemﬂg & giz t data
A smaller strip may be feasible. Toward this end, i
seems clear that some method of hgghaxgﬂ:wg cri Ecai
information, other than sha@mg, shonld be used.
Ajthoug”’a seve aicon mnersof ered suggestions about
the dsspiﬂ“ charac cs of the reduced strip, there
was less concern about the substantive information

emoved. However, pr ewousf ext fix information
was requested by a s;gmﬁcar& ¢ minority. Much of this
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concern was in regard to flights transiting from Cana-
dian airspace. For these fi g%!ts, ‘mpcnantz time infor-
ely available emy in the fields used for
fix postings. Thus, while dis p;ay characteristics should
undowubredl fy be changed, this study 2lso suggests that, at
least in some cases, valuable information was removed.

The problems with the smaller size tested here wer
both in terms of finding relevant information quickiy
and with writing on rhe strip. Obviously, astrip iz E"-fgef'
than the test version would alleviate many of the
problems found here, bur it is unclear what size such
a strip should be, short of using the current FPS. A
farger surip would ailow more space for writing and,
togethier with optimally formartted information, may
55 suificient. This might be cspeciaﬂy true once the

onzroiler gains some expencn:e with smaller strips;
the contmE ers in this sumy obviously bad had no
prior expetience with the 17 x 57 strip.

It is also apparent that the reduction will have its
greatest impact on nonradar flighes. In fact, other
work by this rescarch team has suggested thar in
sectors under radar control, strip marking mighe be
eliminated completely, and the strip size and informa-

-
nma

maticn is routin

b=

tion reduced substantially. However, the currentstudy

suggests that this is not the case with nonradar ﬁwh&s

Thus, cne solution involves 2 cﬁ*ange in procedures:
Regquired strip marking could be eliminared and con-
troliers could be given the option to retain enly those
strips needed to control nonrada: flights. This proce-
dural change could aiso be combined with 2 smaller
strip, alchough it is unclear from this study what the
size and characteristics of the reduced strip should be.
This study does indicate, however, that 2 17 x 57 serip
with the characteristics deseribed in this report wili be
unlikely to allow controllers to perform their job at
the current levels of efficiency and workload.
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Sevarstion
Non-radar

Radar

-\ Essentizl Srip Marking
Essential for effective control

dMandated bv 71 10.65

. Soeed
Ditficulty locating strips

Slow sirip scan

Non-verbsa! communications (done verbally which can be done non-verbally)

Awarenass

Eene sl Board Mfanagement
Additions to active bay

Removal of deadwood

SHective seguencing

Sample On-Line Expert Evaluation (OLEE) form used by subject matter experis {SMEs) o raie the
effeciiveness of controller activities involving strip usage. SMEs rated R-side activities separately from D-
side activities.

S = Satisfaciory, Mi = Needs Improvement, U = Uasatisfactory.
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