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Executi"-=,e Summary 

Cu;rrendv, en rom:e air traffic control d.el"'oen&s ., r 
d ' . ~ .. ..g 

on computer-augmence raaar mtormat1on avaH-
able on the Plan View Dis play (PVD), Computer 
,,.,. • D . 'CRD' d I A" L • C Keaaom: ev1ce l .. ), an tne r~1gut mmrma-
tion available on the Flight Progress Strip (FPS). 
Thirty-one fidds for information are printed on 

' . 'T'' • • C, • I h the stl!."1.ps. i hls m,ormat1on suppiemem:s ti e 
data avaiiable from the PVD. While an ai.rcrafi: is 
in the controUer's sector, the controUer writes on 
the corresponding stri.p ro reflect the control 
instructions, :my changes made in the flight p!an, 
and other contacts with the aircraft. 

This report describes an experiment that 
compared the effects of using a standard-sized 
(Ph6'' x 8") FPS and a smaller (I" x 5") FPS 
containing iess information on the performance 
and workload. of controller teams. The teams, 
from Minneapolis ART CC, controlled simulated 
air traffic in a mixed radar-nonradar environ­
ment. Overall, the 1" x 5" reduced strip yidded 
deficits in the control of nonradar flights but not 

d A· h ..... , · "d '· ' '· ra ar r.1g ~ts. l hrs was evi. en.cea m tne. sub;ect 
> I • r d matter experts eva.uauon or nonra ·ar separa-

tion, strip processing and hoard management, 
and, to a marginal extent, in the efficiency with 
which traffic :,,vas moved du.>ugh the sector. The 
R-si.t!e controller's awareness was also rated lower 
when using the smaller strips. Interestingly, the 
controllers' ev ... mation of thcir own performance 
did not reflect this difference between reduced. and 
normal strips. This may hdp explain why control­
lers did not compensate for the smaller strips to any 
great extent. 

Only the rad..;-side (R-side) controller exhibited 
any compensatory behaviors and only the R-side 
reported increased workload.. R-side controHers 
pointed to the P\rTI more often. Af though there 
was little.compensatory activity, the R-side control­
ler fdt the workload was greater with the smaller 

V 

s-t.rips. TI'le R-side controller felt it was more effortful 
; ,. " i.: • L !.. ~" '-" • ana more rrustratmgwot;,s.J.ng7ntn t.:..e l x _, stnps. 

D . b . ' •r. d . . l espite emg u."1.aer a set.--reporte heavier won,.;;:-
ioad, t.½.e controllers nevertheless ~ .. ere 2ble to p--::r­
fmmsecondarytasks,suc,_½.asgramingpilot.requ~ts, 

,. ..Ji • !.i · ' ll · as orten anu as qmc=y usmg the smaller strms as 
they did using st;ndai:d strips. .. 

T11: .. t ' "''" . • I:. .. lil .i. kus stuay also supphed. mrormauon aoout 
L ·.c · ,.r.: • • · '•1 l • ,. tne spec11,c a&r trarnc acnv1ti.es l.Ke,.y to be at-

fected by a reduction to a l" x 5" FPS. Strip 
1. 1 ,. • • d marKmg, speea ot stnp processmg, an some 

aspects of board management seemed espedaHy 
affected. Inferior strip marking was evidenced in 
the on-li.ne expert evaluation and the controHers 
often reported that the size of the l" x 5" strip 
preven t~d writing. The ability to locate a partici.i'­
lar strip and to find the information on the strip 
once irwas found seems to suffer with a reduction 
in the size of the strip used in this study. The on­
Hne exoert evaluation and the comroHer ooin-

.:;. ... 
• ' • ' • I l i" • • • ~ i.ons ecnoed tn.1s prooaem. LOCatmg stnps m1gnt 
have been especiaHy difficult for the R-side, thus 
leading to the large difference in sdf-reported 
c · Th 1•· • d .,.. irrJ.stratwn. 1 ~e contro,lers aiso note spec1nc 

b'I: • 11 '3 .. d. - m .. • i!• ..... pro 1emswm1 tnestnp ,1sp1ay, mcludmgtneuse 
c ' d.. ' • £ . i • • -- i1 o, st.a -mg to rep!!ace mi.ormatwn tnat i.s typt=-Y 

presented in red. Of board management respon~ 
sibilities-considered by the controllers as gen-

,. • ... • • & l" 5" . 1 ,. erany 1nrer1or wan x stnps-remova1 or 
deadwood seems less Hkdv to be negativelv af-

, -
fected by reduction in strip size. The on-line •- . d I -<I,,, _,, . 
expert evaiuat;on rate tl'le 1 x ) stnps nega-
tively and the subject matter experts recorded 
more negative comments about removal of dead.­
wood under that condi.tion. 

OveraH, this study does not permit recDmmen-
J · r h · " _,, .1 d . . . d c. ... anon or t ,.e l x , rea.uce str1p as ·d.esi.gne .or 

• • ,.l ' • h E • > • t.'1.iS smuy. ... uggesnons .or se1ecrmg a iess tnan 
' d . ;cr,,5 • . . . stanaar size r.. are made m this report. 



Introduction 

The Federal Aviation Administration (FAA.) has 
been engaged. in an i.mense effort to modernize the 

h .. ' l h ~ equipment tL at contro.llers use to !he,p ensure t e sate 
and expeditious movement of the nation's air traffic. 
Forreasons detaiiedelsewhere, attempts to compietely 
:modernize the system h2ve met with oniy pania1 
success. Pfans for the Initial Sector Suite System 
(ISSS) have been revised significantly. The state-of­
the-art com-non-consoles that were the technological 
unde,pim:ings oflSSS are avaaable and wiU be placed 
in the field. soon. 

Unfortunately, the efforts to automate the rresenta­
tion of fl.ight data have been less th.an successfo!. and t1¾e 
common console is no longer planned. to incorporate 
electronic renditions of aircraft flight progress strips. 
Thus, the probtem is to take maximum advantage of the 
functional. aspects of the common console, while provid­
ing comro!lers with the flight data informa tioh t..¾ey need 

• r w separate acrcran. 
Currently, en wute flight progress data are p.resemed 

on 1 5/16" x 8" strips of paper called Flight Progress 
Snips (FPSs). The FPS indudes 31 fields in which 
information about a pan:icuiar flight is presented by the 
computer or entered and modified by the controller. A 

~ 
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,.. ,. . "'DS . . ' ' . ingure or the current rl ~ togeu,.er '!'Nlth an expianat:on 
of the fields, car1 be found in FAA Order 71 i0.65 and is 
reproduced in Figure 1 of this report. Tbe FPS is placed 
in a plastic str~p holder azi_d d1ese holders are sequenced 
a_•Hi man.ipdated in verti.cal bays next to the radar scop,;: 
or plw view dispfay (PVD). If the 8" FPS i.s retained, a 
bay of these strips wiH quickly cover th.e radar assocbte's 
side of me common-console, m22u.ng access to the 
console's technolog-f difficult, i.f not impossibie. 

The J "x 5" Flit:Tht Pro«~ess Strit 
"" 0 , 

One solution to ti.\.is problem is to presem comroHers 
.. ~ ~· 1 " • ll...- :{ '! ... w1m ,ngm progress aata rn much me same way mat 1t 1s 

cmrem:ly presented, but m reduce the size of the FPS so 
that more of the new equipment i.s accessiMe by the 
comroHer. However, the fonctioaality of the FPS could 
be threatened by reducing its physical size or by dimin.at-
. ~ · ,.., 1 · r · C ~ -fj 7~ rns 1 1ng some or the:; _L inrorman.on 11e1ds. 1 ne r-i 1 not oruy 
supplies information to the controHer, it Ls written on 
an.d. modified by the controller. Thus, a smaller strip arn:l. 
its concomit2.nt reduction of cons,imem information. 
could affect both the controHd s abilic-y to locate and 
extract information about a flight and the abifay to find 
enough space to upd.ate and modift information on the 
stti.p. Some wri_r:ing space can. be gained by eliminating 

fiSJil.illi"e 1. Exar,1p!es of rulght progress strips used ir. this study. On top is the flight progress strip (F?S} 
used today. On the bottom, is the 1" x 5" reduced ·flight progress strip {RFPS), ,Nhich has the caH sign 
and computer tD in bo!d. 
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fields tt\at 2:.e no longer of value to the con.troUet- and 
this vtas done in. the current study .. It is impor--~t to 
ascertain whether controHers can effectivdy control traf­
fic when the FPS is physicaHy :.educed an size an.cl. some 
of the fields typicaHy found on the FPS are no longer 
present. 

There is some evidence that removal of informa­
tion on the FPS would not necessarily hurt ATC perfor­
mance (Albright, Tn:itt, Barile, Vortac, & Manning, 
1994; Vonac, Edwards, Fui!er, & Manning, 1993; 
Vortac, Barile, Albright, Truitt, Manning, & Bain, 
1996). Vortac an.cl. coHeagues have shown that, at least 
in some types of sectors and situations, the 2moum of 
information on the strip can be pared considerably 

(Vortac et 2.L, 1993; 1996) or in some cases researc.1-i 
suggests that the sttip may be eliminated altogether 
(Albnght et aL in press). Although the controller was 
often forced to compensate for the lack of an FPS (e.g., 
by doing a Flight Plan Readout (FPR)) there was not 
necessarily an increase i.n workload. or decrease in perfor­
mance. In fact, in some a.ses, the controHer was able to 
spend more time looking at the PVD (using FPRs in lieu 
of strips) than was the case with foH FPSs. In another 
case, w, h only a one-line 5-fidd strip and no permic:tec:l. 
strip-marking, some aspects of ATC were :;::::maHy supe­
rior to a foll FPS condi,ion in which the controllers were 
required to mark me strips. Finally, the Air Traffic Rules 
and Procedures, Service has recently given en route 
facilities some latitude in the use of strips. Thus, it is not 
unreasonabie m assume that removal of information 
from the current FPS may be a benign mod:fication of 
the way flight data are presented. 

One caveat to the above argument is that, to date, 
efforts to test the limit ofFPS information have used only 
sectors in which the flights are continually tracked by the 
radar. In mixed environments, where some flights are 
never under radar control,. and where others enter and 
leave .-adar control, the role ofthe FPS and its constitue..'1t 
fields seems espedaHy critical. 

Our team was charged with determining the effects of 
reducing the size of the current FPS. We began by 
consulting with air i:raffic speciali.sts at the FAA Academy 
and then wich specialists and Nadonal P..i, Traffic Cen­
tro Her Association (NAT CA) representatives at the Min­
neaoolis Air Route Traffic Control Center (ZMP). All . 
consuhants were intimatdy familiar with contrdiing 
traffic in mixed environments. The purpose of these 

11 • , + ,i- .. r • •r 
consuttat1onswas to aeterminewhat 1:nrorm2.t1on~ it ai:.y, 
could be eliminated from the FPS. Final determination 
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of the inforn1ation to be presented. on the reduced }E:PS 
(RFPS) was 1dt to the controHer consuit2",:::s, who as a 
body tended to be conservative in wha.: information was 
removed. For exa.mpie, akhough only one cont:roher fek 
that groundspeed was import2.nt, groundspeed was, nev­
ertheless, retained on the RFPS. 

The bknk RFPS was identical to the current en route 
FPS but was reduced proporrionatdy to 1" x 5" d:.men­
si.ons. Thus, al! line demarcations were retained on the 
RFPS. However, a number of fidds in. ,·rhid, compmer­
generated information t"jpicaHy appeared were left blank 
on theRFPS. SpecificaBy, theRFPS no iongercontainoo 
the verification symbol, revision number, sector num-
b . ,t • ' . .b • C er, revise~ ground speea, strip num er~ prev!ous ux 
• ,. • (" t ,. • ' • ) • • rnrormation u1c1ua1ng esnm.atea time ~ ana next postea 
fix. Font size was also reduced. 

FinaHy, we were instructed to indicate information 
that cmrem:lyappears to the controller in red. (e.g., CID, 
specral muting, :md cal!signs) with shading . .AJtl-iough 
from a human factors point-of-view:t if shading reduces 
contrast too dra.--naticaHy it is udikdy to be a viable 
candidate for increasing th{; readability cf critka[ infor­
mation, the printer targeted to prim: the RFPS that wiH 
be used with the common console will be incapable of 
printing color. Nevertheless, to preview one finding of 
the report, we recommend that any monochromatic 
hightighring of critical inforrr.ati.on use a method oti.½er 
r.1.an shading (e.g., holding or boxing). 

The 1" x 5" R.-i::}>S with eliminated. information, 2.-i.d wiul.i 
shading repiacing "red information," appears in Figr..:.re l. 
The FPS for d1e ,ar:1e flight is reproduced for comparison. 
The current experin1er:t compared t..'-te efficiency and. effec­
tiveness of air traHic comro! using ti.¾e foll FPS with t~e 

efficienq an.cl. e.'7ecti.veness of t.h.e RFPS. 

Method 

Site 

Th.e study ,vas conducted at: the Niinneapolis Center 
(ZMP), one of 20 .A.ir Route Traffic Comro1 Cer:ters 
(ARTCCs) in the Unitd Srates. ZMP is respon.si.ble for 
airspace from the Canadian border to northern Kansas, 
and from e--.,stem Michigan w rhe western Dakotas. 
ZMP has a number of mixed sectors: Air traffic is t.nder 
both radar and rronradar contrc!. The nonrndar volumes 

r • • ~ - " ( I"' , .. "' • m· airspace eX1st becrnse or a iacK or radar rn:es thrnt!.gh-
out a:he center's airspace and not, for example, because of 

; .. :I! - '!I• t 
geograpmcru ;mpeo.1ments to .raaar coverage. 



Participants 

Twenty pairs of controHets pa_...:icirated in t.¾.e study. 
Tn~rry-nine were fd! performance ievd (FPL) control­

fo,s and one v,as a developmental (checked-out for t½e 
sector). Mean ti.me as a.11 FPL at ZMP was 7.43 years, and 
ra.,ged from O to 21.0 years. The controHers had worked 
in their current area for 8 years (range .58 - 13.25). All 
tearns except one comprised conrrollers who had worked 
together opera.:ionaHy as Radar-side (R-side) and Data­

side (D-si.de) teams prior to the experimem. For the 
experiment, one ncember of each. teazn served as R-side 
and one ser,,ed as D-side fur both scenarios. The pani.d­
pa.nts decided who would perform which duties. 

Airspace 

Two sectors fromZMP were used in the study (Sector 
1, Area 1; Sector 5, Area 2). Both secwrs have sub:.tamfal 
amounts of nonradar tra_._Cfic, in addition to flights under 
radar control. The sectors were chosen in con.sukacion 

with om subject matter experts (SMEs), one from Area 
l ari.d one from Area 2. 

Ten team.c were from ZMP' s A.rea.-1; for the purpose 

of th.i.s experiment, they controlled simulated traffic in 
tl-i.e Pellston (Sector 1) sector. 

The official sector 1 description 

Sector O l works all performar1ces of aircraft from the 
gwund to 12,000 feet MSL. At Pellston (PLN} it is nomadar 
5,000 feet a..,d bdow. South of FLN this increases to 7000 
Feet MSL and below, and to the north of PLN this increases 
to rn,000 feet MSL and below. The sector becomes active in 
u'-ie summer momhs with a large amount of recreational. 
m:ffic. The compie::::i.y of this secto. becomes evident with the 
numerous overlapping approaches coupled with the nonradar 
~eas. Control!erswork ·.:vith two Approach Comrois, Saginaw 
(MBS) :md Co:lins (APN). MBS is A..RTS equipped for 
automated hand-offs antl flight plans are passed via computer. 
APN requires manual coordinations offlight plans and manual 
hand-offs. Sector O l is bordered on the north and east by 
Toronto Center {'::""YZ), to which ( the contro!ier) must coor­
dinate manually 6orh for flight pfa_r,.s and ra&or hand-offs. 
Sector O 1 is bordered on the south by Ckvdand Center, 1FHnt 
Sector. Sector (H is bordered on the wesc by Minneapolis 
Center sectors 02 a...11.d 03. (Taken from the facifoy's~sector 
narrative, ZMP7220. l ). 

Ten teams were from ZMP's Are2-2; fo, the pur­

pose of this experirr:..ent, tl1.ey controi'ed simulated 
traffic i.n the Eau Cl.aire (Sec.or 5) secor. 
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The oJJiciat sector 5 description 

Sector 05 is a 10V1: .. 2.ititude sector {O_ to 23~000) involved 
in h2z1d1ing a broad array of traffic. Though generally small in 
area, sector 05 is a fast moving sector. The rwc airports 
generadng the most traffic are & ..... Claire (E...\U) ~"1.d L2 
Crosse (LSE). EAU h;.s 4 IFR approad,es. The BC Rwy 4 and 
ILS Rwy 22 are the most commonly used and vectors cm be 
provided for the final approach course 2.1: the BC Rwy 4. R..2.d.ar 
.::overage west of i:AU fa generally 3000 to 4000 feet MSL, 
while east of the VOR coverage below 6000 feet is marginai at 
best. Thirty to 40 miles southeast of EAU coverage does nm 
exist hdow 8000 feet, At LSE, lhere as a part-rime VFR control 
tower. The ILS Rwy 19, VOR Rwy 13,-2-"'d the VCR Rwy 36 
approaches are mosr commonly used.. Radar vectors are pro­
vided to the VOR Rwy 13 and VOR Rwy 36 final approach 
course wh1le radar coverage north ofLSE makes vectoring for 
the ILS Rwy 18 approach very ,Hf.cult. Coverage beiow 5000 
feet north of I.SE is ver-1 limited. In addition, 2pproach 
services are pr.::vided for numerous small airports scattered 
throughout d:e sEctor. Sector 05 works dosdywith Rochester 
(RST) and 'v'"h.tedoo (ALO) approaa.½. co:nn-ois bcated in. the 
scuthwest comer of the secto,:. RST Aporoach owns l!:WOO feet 
and. dovrn wh]e .i\LO own.,; 10,000 f;e.: and down. A nart­
dme GCA unit operates at VOK field just east of the sect~r 05 
boundary. They own i. 0,000 feet rnd down. There is also a 
part-dme VFR ccmm1 tower located. at the Fort McCoy 
{CMY) airport. Two restricted areas and 2 MOA's are used 
wi,hin ::..¾e sec::or. Tne traffic flow is genera.Hy east to west 
consisting of aH types of aircraft. Sector 05 remains open al! of 
the time. PJi other sectors within me are2. combine at Sector 
05. (Taken from the facility's sector narrative, ZMP7220.1). 

Design 

Each team contrn!l.ed air traffic du.ring two scenar;os, 
once using fol.I FPSs and once t' 0 ing the 1" x 5" RFPSs. 
Order of the scenados, order of fr.1e s!trip-con.dition (FPS 
or RFPS), and assignment of strip condicion to scenario 
were coumerbalanced across the teams, such that each 
scenario appeared equaHy often as fasc or second, each 
type of strip was used e~uaHy often fast or second, and 

each scenario was comrolled using each type of strip 
equaHy often. 

Scenarios 

Scenarios were co,1strncted and tested by t..he area 
SME. Two 50-mi.n.ute scenarios, comparable in diffi­
culty and realism, were constructed for each area. The 
scenarios were imemior.al1y designed w ex.erc!se the use 
of the fli.g..i-i.t strips, sometimes indudin.g situations expe­
rienced in the field, but at a somewhat higher rate. For 
example, departures from smaH airports mak.e use of c.½e 
flight progress strips, bu:: their typical occurrence in the 
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fidd was les, frequent tna.'1 in our exper~mental sce­
narios~ WI-1en asked .about the realism of the scenarios, 

53% found nothing unrealistic abom the scenarios. The 
only differences ber.veen the s1muht~d scenarios and 
their typical live traffic mentioned with any frequency 
(> 1) were busy sma.E airports (9) and more nomada. 
traffic {5). 

The scene" ios were tested and mocEfied by the SMEs 
umH they a. pea.red. , -nparable in difficuhy, realism, 
and complexity. Characteristics of the 4 scenarios appear 
in Table 1. 

On-line Production of Reduced Strips 

Plastic strip hoiders for th.e RFPSs were created by 
removing the middle 3" from the strip hoaders used in 
terminal facilities. The strips used by terminal control­
lers are only l" in hei.ght, neatly fitting the requirememr 
for the current study. Similarly, the paper used to print 
terminal strips was used to print the RFPS. The pape,, 
perforated every inch, was the same color as current en 
mute FPSs, and was b!a.,k on o:ne side, atlowing us to 
create me Rf PS on the blank side of t..¾e su.ip. A wooden 
strip bay with meta! dowds was constructed to permit 
t<'le sequencing and manipulation of the smaUer RFPS. 

Because it was not possible to interface directly with 
the HOST to produce the RFPSs, we utilized a program 
0..e., STRIPS} written by th.e staff at ZMP explicitly for 
me purpose of quickly translating fuH FPSs into the 
RFPS:;. A'1 experimemer sat next to the HOST's primer 
and re..'11oved FPSs as they were made available. This 
experimenter identified the c.aH sign to another ex:~ri­
menter operating t..he STRiPS prngram. The caJ.l sign 'W-..S 

used to retrieve the relevant strip trom a d2:ab2.sf" of 
pocen;:ia! strips~ The experimenters :then changed. th~ 

computer iden.r::r1c.."!:ion number (CID), ai."1ytimes (hours 
' • ) , • j '. re· l ' L 1 ana minutes on tne stn.p, 2..i.1a. the rL1gnt s oeacon coae. 

Because rhe CID, time, and beacon code depended. on 
the time period. during which the problem was pre­
sented., it was necessary t..h.2t these pieces cf informatiO.n 
be entered for each execation of the sc~r .. ario. For 
reroutings made by controllers during the scenario, the 
experimenters either pdled up a stri7 from the database, 
anticipating that rem ming, or modified an existing strip 
ioi the database to accommodate the mute cha.,ge. Ob­
viously, the process of removing strips from the HOST 
primer, translating them, and then priming r,;\em on the 
terminal. forms took ionger than simpiv removin2 strips 

.,_ J .... .. 

from the HOST primer. This delay was reduced consid-
' l ' - . . ,;;:MEs . . . L. ' f .. L l erab ... y oy havtn.g the v .ii. H1ct1cate w1ncn o me sever21 

• • .1 ,- • l CT· L • <' . t, stnps prmteu :tor a parti.cu,ar :rngnt was, m racr, one t .. at 
a controller wou1d use for the fl.igl1t. Nevertheless, it is 
undeniable that controllers received strips more slowly 
in the RFPS condition of t..h.is experiment than they 
would when a dedicated primer is imertaced di.reedy to 

the HOST. Fi.nilly, the translated RFPS was orinted. on . 
EnsoN· · · d' · ' z· · · aI1 "" · 1 ' faser prmter a..-.. nanded to a MP cteveiop-

mentai who piaced. the RFPSs in holders and ddivered 
the strips (i.e., A-side) for the simulations. 

Dependent Afeasures 

c;v1 lTi .J l" • • • , we co~rectea severa, dependent measures durmg tne 
course of the experiment. The measures fall under 4 
categories: Performari.ce, ComroHer Behaviors, Work­
load, and ConctroHer Opinion. 

Taibie 1. Characteristics of the 4 scenarios .used ir. the experiment 
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Peiformance 

Two ir,_stniments were used to assess conrroUer per­
form2nce. One was a version of me stan.dard OjT 
evaluation form (FAA.Form 3 I 20-25) modified to focus 
more precisely on strip activity; like a., OJT ev:aiuation, 
this On-Hne Expert Evaluation {OLEE) was perfo:.med 
by expert con.troHers whHe the patticipam: controHerwas 

•·• "Tl-• ·p . engaged m u1e scenario. ..e ot.'1.er was the~ ost-scen:mo 
analysis we developed previousiy to assess the number of 
.-ema.ining control actions (Vortac et at, 1993). In 
addition, 2 alerts from the com.roller's system were 
recorded when they occurred. 

On-lineexpert"evduatirm. The SMEs assessed control­
ler performance "over the shoulder" whiie the team was 
control.ling traffic in the scenario. Each SME had the 
OLEE form, as shown in Appendix A. Thc' SME from 
the relevant area of spe.cializa:don always observed the D­
side, while the SME from the other area observed the R­
sid.e. This was for 2 reasons. First, an FPL from a different 

., ! . . ' area can more ea.my eva.mate mlstakes apparent on tne 
radar than mistakes on the D-side. Second, the focus of 
the study was on changes in flight d.at.2. utilization, 
suggesting the more knowledgeable contmUer should 
evaluate 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 resuits 
systematically. Each observer indicat~d whether each 
performance category was Satisfactory, Needs Improve­
ment, or Unsatisfactory. Observers also kepta tally ofthe 
mistakes comroHers made within each of the OLEE 
categories. 

. Post scenario analysis. At the end of each scenario, die 
2 SMEs consulted in ccmpleti.ng the post-scenario analy­
sis. The post-scenario a..alysis is a quasi-object;ve mea­
sure of performance that we developed for an earlier set 
of studies. The SME determines, for each flight, t.l-10se 

com:roUer actions stil! remaining that wiH successfully 
remove the flight from the controller's sector. i\ssumi.ng 
th~ same s.a.ning point, and .:he same amount of time 
a.Bowed for controlling traffic, a condition that leaves 
fewer remaining actions can be thought of as one that 
supported more efficient comm!. Fii!iially, because FPLs 
.ypical.ly agree on the actions necessary to t.a.nsi.t a.., 
aircrafr out of the sector, we bclieve the remaining 
actions measure makes a strong appeai to objectiYity. 
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Conflict ak-ts!iWSA Ws. :Finally, we recorded 2 mea­
sures tl'1at ma.y be indicative of perfor~"lce Cilffi.cuh:ies .. 
The current system alerts ::he controHer when it predicts 
t..¾at loss of sep:..ratio:i er violation. of altimde minimums 
. . • Al' h I ' • • is 1mmment .. ~tnoug~, sucn a..ei:ts a.o not mean tnat 
separation was !ost, or even. t..'lat it wiH ulcimatdy be lest, 
a larger number of suu."½: occurrences ir! one condition. 
compared with me other may again suggest mat t.¾.e 
controller is performing less effecrively-.. 

Controller Behaviors 

The behaviors in which controHers engage can pro­
vide va!uaMe dues to tl;.,;: potenri.al effects ofa ne-n S"fStem 
on their performance. Some of the behaviors are iike!y co 
compensate for a."l inferior display. Other behaviors are 
rdeva.11t tc performance and suggest poorer p;::rformance 
in one simation than anot.t¾e,. /Jl the behavioral. obser-
v2nons oescrmea ne ow we.e ootamea on-.:.me., o -. ' ., ' ' l ' . ' 1• by b 

serve.rs seared behind t.~e controllers during the scenarios. 
The experimenters used. a tally-sheet, a.,.-,.d, vkere appro­
priate, a stopwatch, to record the rdevam data. One 
experimenter observed the behavior of the R-side a.."1.d. 

another the behavior of t..~e D-side. For those behaviors 
involving communication bet-.vee'n t..~e controller and 
pilots, other facilities, or other sectors, the data were 
gathered following completion of t,.1,.e scenario from a 
mukitrack rape recorder that captu.rnd the radio and 
telephone communications of the controllers. 

Compensatory Behaviors 

In order to maintain ari. acce,?rabie ievd of perfor­
mance, controllers may need re compensate for informa­
tion not present on the RFPS. or .not easii.y seen or 
retrieved. from dte RFPS. Such compensatory bea.¾aviors 
are not necessarily negative, but they are certainly infor-

. .:; ' . . A.b. • . • . manve. ,. or exampJ.e, m the .-tl nght et ai:. sruay us.mg 
field controllers from Atlanta A..RTCC, controllers wi.th-

. d' £ • n• • • out stnps compensate Dy pen.ormmg more mgnt plan 
readouts. Replacing strip inspection with. FPRs had 
interesting consequences. Ccm.froHers could spend more 
ti.me looking at the PVD when performing FPRs, and 
using the quick action keyboard (QA.K) to obtain other 
flight data. than when he or she obtained t.¾ose data fmm 
the strip bay. Thus, ccmoensator,r behavaorsoft:enpaimed - . , 

.., .. 'I l "' • ,-. •, 
a complex picture that must oe eval.uated car~itml.y. 

In the current study, we recorded several differ­
ent controHer behaviors that could serve as com­
pensatory mech.l!.ni.sms. 



p 

FPP.s. If the controller cannot easi2y access needed 
Information from the strips, he or she may choose 
instead, to request the ·informatio~ from rhe com­
puter via the system's quick acdon keyboard (QAK). 
The QAK can be used to deliver the flight plan to a 

,. . d d" ' 'rRn) smaH screen, the computer rea •out 1spi.ay \...., · v . 
Such a behavior could occur for either the R-side or 
' D "d ' ' ' ,,. ,. h the • · -si • e, ana tnus we kept separate raues or t, ese 
AK '• . . J'." • • Q acnva,es ror the two team memoers. 

-· . b Ir · · 1•ffi • " ' 1 ime on strp ay. · r 1t 1s at .1cu1t to see or nna 
information on the smaller strips, the controller may 
spend more time viewing the stri.p bay. For the R-side 
comrnHer, this of course means that he or she is 
spendi.ng less time monitoring the PVD. Time-on­
strip-bay for the D-side is, on the other h:rnd, not a 
compensatory behavior. Thus, we recorded this be­

havior for the R-s.ide only. 

Time in aural R-D communication. A smaller strip 
may be a less valuable aid in. communicating her-ween 
the two members of the controller team. This deficit 
couid manifest ttself in more R-D aurai communi­
cation. For example, the R-side may not be able to 
access the information from the RFPS qukkiy and 
subsequently, may verbally request assistance from 
the D-side. Thus, for each scenario, we recorded the 
cumulative amount of time that the team members 
spoke to each other. 

1Ji • • Tf '' · · •·er l ' b .l.-omtmg. 1 a smauer stnp ;s a.nncu t to 10cate · y 
one conuoHe.-, it may require the other comroHer to 

point to it. This form of nonverbal commur.i.cation is 
quite common, but sharp increases in its occurrence 
could he indicative of a pre blem in searching the stri.p 
hay and detecting the target. 

]-rings. j-rings are muidsi.ded poiygons that the 
com::roHer can place around a fhght displayed on the 
PVD. These rings aid the controller in disce:mi:r1g 
lareral separation between flights that are at tne same 
altitude. Di.sproportionate use of J-irings in one stdp 
condition col.l.ld suggest that the comroller is pushing 

• ' ct· • h ,. · h · separanon stanaar s more m t. at conctrm:m t an n1 

th.e other. 

Route displays . .Another compensatory operation 
avail.abie .:o the controller is displaying the route of a 
fl.ight across the PVD. Again, if smaller strips ma.1:e 
discerning routes more difficult, we may see controHers 
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choosing tc obtain route inforn.12.tio.n by requesting 2. 
~oute dispi2y .. We recorded the number of route 

'f'" 'Ii "" ~-: r ~ .. '.i ~-'!!. a:.spi:ay~ r,equested, regan:ll.ess or wm~n. ccnti:-oHer re-
quesrea u.1.em. 

C • - ;:;· , d • , .. oast ttacltS .. ~or .H1gnts not un ~er raaar control, tiie 
•controlierc:an initiate a Coast track on the PVD. Su.ch 
tracks can move according to the filed. flight plan or 
the contro!ier can move tne data blocks manu:diy. A 
controller may choose to initiate more Coast tracks 
when insufficient information is available from the 

· ,v, .- d • · • r r- 1 •· str1ps.. we .recor ed the num.oer oz !L..02.st trac,K.s ois-

pfayed for ~ch sc~na.rio. 

Gmtr,;/ler que.-ies. ff .:he controHer cannot easily 
retrieve the information from the strip, or if the strip 

!' • '!. ... 1", ■ 'Q • 

proves to be an unsmtabie memum m recora ,mpor-

tant i.nformati.on, the contrnHer may simpiy choose to 
I •! • h . . • w . d" quer1 tt'le pHot about t e m1ssmg data. e tecordi:: -

aH radio and telephone communications during the 
. • :1 !II i 11· , i ~ & h scenanos ana sur,sequentq ta.1 1ea tne nu.moer o, sue .. 

queries made by the R-side and D-si.cie comroHers_ 

TV/; • • p· l' • ' ' ' ,. . wrztzng. . 1na 1y, we recoraea tne numoer or rimes 
that a comroHer, either R-side or D-side, w.ote on the 

. W.. I-> • • • ,:, , stnps. rmng on t:..e stnps i.S a central. pan: o, ooara 
~ t iL r '!I 

management, a,,.ct as we nave snown prevwusly, an 
• • J: • • • • • " ' integral part o.r. the behavioral sequences that charac-
terize ATC (Edwa,ds, FuHer, Vortac, & Manning, in 
press; Vortac, Edwards, Jones, Manning, & Rotter, 
1993; Vortac, Edwards, & Manning, 1994). How­
ever, t..ne effect of smaller strips on the frequenc1 of 
writing, while important, is not easily predicred. One 
possibiiity is that, because of d1e absence of informa­
tion, controHers 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 controllers may choose to neglect 
or postpone strip marking that they might otherwise 

r ~•. •• 1-, Lr J: •• • penorm. 1 nus, altnoug.1. u,e .;-requenc-y o, wnnng 1s 
dearly important and worth observing, this measure 

., •:i , .. t.. • r :i: • , •'ll• r t 

alone wm not ne mct1catwe or mi:: viatnmy or tt.'1e 
smaller strios, ,. 

Workload 

It may be the case that comparable performance can 
, • • :, t: , n ; . ~ 

oe mai:ntainea oy tne controne;s, out at a cost .n me 
araou.i,tofeffort1:he controller is required to i!Xp~nd. We 
assessed workload in 2 ways. One was a rel:atively direct 



• r ,: · ,, ~ •1 • rc. • ,.1 ' query or the com:roHers oi- t.1.e1r er,ort usmg a sta,7...iardi 
instrument. The other measure was a more complex, less 
direct, but more unobtrusive measure of workload. 

TIX We used a modified version. of the NASA TLX 
form. The NASA TLX (Hart & Straveland, 1988) is a., 
L"1strumern ::r½at allows t:.'le assessment of several dimen­
si.ons of thewoddoad construct: mental demand, tempo­
ral dem2.nd, physical dema..-id, effort, fmsnadon, wd 
performance. Subjects placed a.."1 "x" on a line ranging 
f "! " "'- "gh" . .-l: ' • • r t. .,om i.ow to Hi , to 1nwcate tnelf percepnon or tue 
worL0ad when comroUin.g traffic with FPSs and RFPSs. 

Granting requests. As part of their job, comrollers are 
often asked to respond to requests made by pilots, oilier 
sectors, and other faciaicies. Although the frequency with 
which contml.lers gram such requests and th,e time it 
takes them to gra...'1.t these requests dearly involves more 
than workload (e.g., the particular traffic situation, 
feasibility of the request), it is clear that workload wouid 
be one factor infLnencing the frequency and speed with 
whi.ch requests are gramed. T'nus, communication be­
tween the comroHers and the pilots, ot..'.ei seer.ors, a.ad 
fac.iiities were recorded. Requests af ih.e com:rnlier were 
identified and the number of those granted and ti¾.e time 
taken to grant them were analyzed. 

Controller Opinion 

Finally, the opinions of t.l.ie experts employed w 
operate any nevv· system are a vital parr ofits assessment, 

Thus, we interviewed each controller to determine over­

all opinions of the 2 strip formats. We queried them 
using continuous-line scales to determine h.owweH they 
Iiked the formats, how easy theyv;ere w use, how useful 
they were, the quality cf infmmation, their perceived 
efficiency in controUing traffic, a..;d their perceived 
efficiency in board ma.n.agement. Subjects placed an "x" 
on a 9.6 cm line to indicate thetr opinion on each of tbe 
scales. We also included a nmrbe, of open-ended ques­
tions designed to explore u¾eir pan:icu.fo.r coP.cems, if 
any, wit..½. tb.e reduced strip, induding their opinion as m 
how it could be improved. 

.£'?ocedure 

AU tea.-n.s of controHers were tested durinr, a 2-week 
period in January 1995. After givi.ng informed consent 
and completing a short biographical questionnaire, the 

7 

te~-n decided on who wo:rld serve as R-side_ Tbe partici­
pants then took their respec~ive ?laces and were. allowed 
to vievv and inter-ace with the syste:-n 2J1d the strips for up 

iO 5 minutes before the probfem starred .. During that 5-
, .. -:; 1. - • - 3 :, t • .!"', 

m.1nu.te perioc~ t:ne part:c:pants rece1veu a snort oriet:ng 

from tb.e SME from t.o.i..2.t area. The briefing inch.1ded 
idiosyncrasies of controlling simulated air traffic on ~¾e 
DYSI!Vl ci.J.'1.d an overviev; of current :raffi.: par~--n.eters, 
induding "hot" a~rspaces, ILS approaches, VOR prnb-
1.ems, and so on. The first of the tvvo 50~minute scenarios 

" 1 tnen oegan~ 
During u~e scenario., an . .i\-side controller placed tf1e 

FPSs (or RFPSs) in the strip holders. Th.e primary 
specia1ist stood over the shoulder of t.~e D-side partici­
pari.t and the other SME ~coed over the shoulder of the 
R-side. Each SME completed an OLEE for the control­
ler t.."ley were observing. Behind and further to the sides 

stood th,;: 2 observers responsible fur recording R-side 
and D-side act~vity. An observer monitoring our audio­
recordings ofim:erfaciiit>Jcommun.ications was pfo.gged­
in overhead a."ld. sat behind the SMEs. During u¾e 
reduced strip conditions, a pair of experimenters sat off 
to ·the side next to .... ~ HOST printer that produced ;J,e 
FPSs. FPSs were removed from 1:he primer and translated 
into RFPSs. 

At the end of 50 mi.nutes, the comrollers completed 
; ··- 'TLX" ' . 20 25 memod1nea ~. mstrumentan.ctwereg1vena · to -

minute break while the second scenario was set up. 
During th.is time, the SMEs completed the post-scenario 
instrument. When. the pan:icipams returned, the proce­
dure was repeated for the second scenario. 

At the end of the second scenario~ the participants 
were separated and i.ntervuewed about t:.'leir experiences 
a..'1d opinions, using the post-experimental question­
naire. Tbe participams were t..¾en ,hanked and asked. not 
to discuss the details of the study with other comroHers 
until the study was coi.np!eted. 

Results 

,;:; -1-- • • • • ' .,:or tue analy~es rr1 thss report, we chose to cc-:mpsre 
' ~ps ,. . . ' nr-s .. . . tne ~ cona1r· ..;n with the l'-.[" P condit1on us1z.g un-

corrected Studem: t-tests at a test-vise alpha 0f .05. We 
made this decision not odv because of the temporal , . 
constraints ,nh_ced on the production of this report, bur T ~ ~ 

also because such a statistical strategy w-i.H be liberal in 
!rejecting the nuH hypothesis, a b~as not without its 
benefits when exploring for potenti~ differences. 



We· anaiyzed 2 instruments to assess performance: 
;:he Subjective OLEE form and the Remaining Ac­
ti.ons form. The OLEE form contained overall ratings 
from the SMEs and a co1.mt of the number of negative 
occurrences or comments by the SMEs. OveraH, the 
frequency of negative comments was a more sensitive 
instrument than the simple rati.ngs of "satisfactory," 
"needs improvement," and "unsatisfactory." 

OLEE Analysis 

Ai.though ratings tended to be less sensmve to 

differences between FPS and RFPS than were fre-
• r t" ' • • • quency counts, tne L. sets or aata were quu:e dear m 

their overall agreement that t.1e RFPSs had negative 
effects. The mean ratings (Satisfactory = 1; Needs 
improvement "' 2; Unsatisfactory"' 3) and the fre­
quew:y of mi.stakes noted by the SMEs are shown in 
T'\hles 2a (R-side) and 2b (D-side). 

Both R-side and D-side evaluations weire poorer for 
the RFPS than the FPS condition. in the separation of 
nonradar (bm: not radar) flights, i.n effective. strip 
marking e~sential for controB. and .in locating the 
mips within the bay. In addition, using the 1 '' x 5" 

·--- -------------·------------

strip resulted. in. art incre~sed number cf negative 
comments 2bou.t the R-sade contr-ollet's a.viareness of 
the situ~tion. For -ci1.e D-side, the smai! strip n.ot only .. 
affected the ability to locate the strip within the bay, 
but also the a.bi~ity to scan information on a. particular 
st.rip .. Fina!ly, the D-side' s oo~rd management respon­
sibility of ~emoving deadwood (but not seq1:encing) 
was aff,ected by rhe smaller strip. Overali, the sma!]er 
strips seemed to interfere wi:::h separatfon of nonradar 
traffic and wi.th the R-side's awareness of the situa­
tion. This deficit may be due to difficulty in locating 
1:he st.rip or fb.ding information. on i.t, marking essen­
tial information on the strip, aI1d removing strips for 
Cl· ; • d ' i . l ' it-..1gnts no wnger U.:."l er contrm . .1.nterestmg-y, raaar 
comrni was apparendy unaffected and there was no 
indication that nonverbal communication betvveen 
the members of the pah- was hindered. 

Remair,ing Actions 

Resuhs &om the Remai.ning Actions form showed 
no overall difference between FPSs and RFPSs for the 
total number of ai.rcraft st!U under consideration, or 
for the number of proposals temai.,,ing in the bay (See 
Tabie 3). We then used the remaining actions data 
C. ] r y O ~ ,t""I• t 1 

nom tne post-scenan:o anarysis to a11a1yze mgms unaer 

Table 2ai. OLEE: Ratlngs {left) and Frequency of Negative Comments (right) tor A-side. 

italics = p < . 10 
bofd = p < PCS 

1.60 
1.90 

2.35 
1.so: 

1.20 
.. 001 
I. I 

1-

if\~ 1.0ui 
! 
i 

-'t 15' ••• ! 

; 
1 . .25! 
1.001 

1.70 
2.30 

2.75 
2.15. 

2.30 
i.05 

1.051 
' ! 

1.40! 

i.40 
i.10 

i 

3.15, 7.65 5.35 
.051 20! 11S 

l 
• 

.85 .50J ns 
l 
! 

.95 -;:.arr 2.431 

l 
3.651 4.30 nsl 

.30 .so, ns 
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Alerts 

Con.foe~ alerts a.'1d MSAWs are, at best, gross 
-. r 9' -r- 11 · ' i.,. measures or contro.E.!er perrormance,, oecau.se tneycou_a 

occur even when no problem is imminent .. Consistent 
W"ith T ~ble 4, there were no .reliable differences in the 
frequencies of these al.erts between the FPS and RFPS 

':!• • 

concHt1ons .. 

T3bie 4. Frequency of a!eii:s. 

Compensatory Behaviors 

Of the 12 behaviors we rnliied from the R-side that 
could reflect compensatory behavior, including some 
communications evems (e.g., requests of pilots for 
current speed), only the frequency with which they 
pointed to the PVD evidenced any difference between 
RFPSs and FPSs, t(19) = 2.79: When using reduced 
strips, the R-si.de pointed to the PVD 48% more often 
(6.07 vs. 4.10) than he or she otherwise did. Notice 
chat pointing to the PVD more was not because che 
controHe, was poi.ming to the strips less. Of the 5 
behaviors taH.ied for the D-side, none were signifi­
cantly affected by the type of strip. The frequencies of 
compensatory behaviors appear in Table 5. 

Workload 

TLX 

Work!oad, as assessed by the modified TLX, was 
analyzed separately for R-side and D-side. The D-skl.e 
controHer reported experiencing comparable work­
load, regardless of whether the FPSs or RFPSs were 
used. For the R-side, however, the RFPSs produced 
greater self-reported effort, t(l 9) = 2.17, and frustra­
~ion, t(l 9) ,.., 2. 79. 

Granting requests 

.i\nother less direct~ but more objeccive measare of 
workioad, is the number of pHot requests gramed and 
rhe time requir~d to g.rant them (see Table 6). 
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Tebie 5. Cam~~nsatory behaviors for R-s?de and 
D-side, R-D communication, and performance 
retated contro!~r behavf:ors .. 

I Coast tracks 4.00' 
!Fiight Plan Readm.::t 
Route display 

4.10! 

Point-to-Strip 34.25T 
1ss.2r 
37.36/ 

Offset strip I 3.00! 3.66! 
jView strips {sec} i 1057.00i 1091.30! 
~tar tine s.sol 5.40! 
iRar.ge or p· __ \_'_D ______ -,; ____ Ll_;_ ... _i o_"".,?-1 ____ 3_._0_7...,l 
!PHct requests i9.40! i9.9Cj 
!J-rings 1.30! 1.35j 
i D-SIDE 
iFiight Pian Readout 
!Point-to-PVD 

!Offset strip 

! R-D COMMUN!CAT!ON 
iTime (sec} 

I 
[ltaNcs = p < .10 

iO.SO! 
25.15; 
12.55l 

147.801 
i 

193.55! 

2.16! 
11.73! 
26.97! 
10.821 

134.851 

C ~e t:: = /: ontroHers granted me same percentage o, requests, 
and granted. them in approximately the same amount 
of time. Although the mean gram time for FPSs 

. , • ' l , ' . appears cons1ner.abiy onger tha.n the mea.n gr~1i.t t1me 
,. 11.. RJ.D" 1 • ·•2 ' '''".C: • • . ror tne ... ,. .. ), tf!.S • second cur,erence 1s due pnma-
ri!y to m,e te;rm's excepdonaHy iong latency. 

Opinion 

Wnen thecontmHerswereask<!d to eval.uatethe2str~o 
"-

formats, the resutts were qui.te dear (see Table 7). On the 
r- ' _1.. 11 h · · ·fi ;;. o sea.es, i:.ne controners s. owed a s1gm !cant pre.~rence 
for the current FPS on each scale. 

Add~tional ooen-ended responses about the RFPS . '-

were ta!Hed. ControHers were :..Howed to ma.l...e as 
· -f: ., .. 1 .. 1- I 

many or a.s s.e,v comments as they wisned; tnus, tne 
fol!o~1ving sl!mmary,. unless indic2.ied, over-represents 
• ll J.. ,.,. d · · •vrt tI-1ose contro ... iers w~.:o orre.re -. more suggest1ons .. ,v hen 

asked what they iiked about reduced strips, 55% 



Table 6. Twc measu,es cf workload. Direct TLX 
raporis and indirect frequency and delay of 
granting pUot requests. 

i - -
Mental demand 75.60! 79.55 
Physical demand 59.00 69.70 
Temporal demand 64.75 71.50 
Effort 57.:20 77.25 
f?1Jstrstkm 51.45 70.25! 
!Performance 48.40 49.50! 
I D-SIDE 
jMental demand se.ssl 7,-.A~L ,o.o ... i 

!Physical demand 53.70 62.30 
Temporal demand 64.95 69.20 
.Effort 62.70: 71.55 
Frustration 49.95 61.15 
Performance 55.60 48.05 

-1 GRANTING REQUESTS ! -- -·-~ 
1Percent Granted 94.9? -3.40t --
!Time to grant 6i...2_7! 38.96! 
I 

Tabie 7. Controller opinion about strips. 

i.ndu.ded: hard w sew (22), hard to read (16), CID 
( • 2' ' . ' 12\ t7' ' I • l 1 J~ 2ltH::uce \ J., route , ; , c.ep2..:rture1 arr1vas arrows 
{ - ) I!! 'I: ,. i • • ( -<I '\. .,..,..TT"' 1 • "" 1; 

\.i , east-west bo~nd. r.na1catton ,ij .. When exp11c1t1y 
asked if .:he RFPS board was ha.rd to scan, 98% opined 
that it was harder to sea:., than the normal bay .. M2.ny 
of the information retrieval concerns also revolved 
around tl1e use of shading, rat:her than color, to indi­
cate direction of Hight and CID_ Sh~ding is not, ergo-
. . 'l ' h , ,. .. h'" . . . . l nom1w.y, a goou met. oa tor t:;gi Hghtmg cnnca. 

information, and several comroHers commented on 
this impact of shading; CID seemed especiaHy af­
fected by appt>aring in shading, rather than color. 
Only 3 comments revdved around the excluded in­
formation, previous/next fix. ·when asked if there was 
enough room on the reduced FPS, 75% sai.d no. 

Comments about board m-an.~f:;~rn.ent included strip 
~- "la .. , .. 1:r- ... ( ..... , r:. marking prob-1ems: writing dh.t1cult .t li"J. a-10 room 1.or 

ahitude (5), hard to wrire on cocked str~p (2), need a 
,... · ' (1\ l '1' ' · • · rme t.ppeo pen. .,, wrote .ess l .. J; ~ma mampufanon 
problems: hard to manipulate (11), hard to remove 
dead.wood (1). There were also comments about trting 
to encode written infurmation: hard to read D-side 
writing (2), cannot see when R-side's hand is in the 

( 
... ' ..,.... ,,.. fl' t .. '!l ! , 

way ii. ~1xty·-r1ve percent or tl'1e controHers statea tney 
did not write aH required markings ~nd 10% were 1.mable 

to write nonmandated i.nforma-
tion. Resequencing v.-as also 

r;ma"1t!J71i.l~BMt,1wr,~~~7%iJEYYl%~;t·~~;~;:~;;:~:~:4f.ffi$~~~::.:13~~~~~~;:<:,:;~.:~~~~1~~~~t! viewed as more di.fficuit with 
;;he reduced snip (40%} or the 
same {48%), with 12% of the 
controllers not performing any 
resequencing. 

Ease of Use 10.18 
Usefuiness 9.SSI 

QuaJiiy of information 
Efficiene;, of conil:irol S.95 
Efficiency of board management 8.13 

found nothing. Negative comments were: hard m see, 
had to write smaHer, less room, better than no strip at 
-" d ,. . ! V .. au, goo excuse ror not using tnem. i 0s1t1ve co:;nments 
were: fit in the bay, less rime to sequence, less space/ room 
used, didn't have to reach as far, mnvenient for t.½e !eft 
handed persorr, e-ye-levd, less dutter, iess paper. 

Wlien asked how reduced strips impaired perfor­
mance, the majority of responses feH into comments 
about information rerrieva! and about board manage­
rnen t. Comments about information retrieval 
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2.45 

5.04 
4.23 
3.53 

14.02! 
14.3S 

2.32 
8.64 
7.27 
5.85 

When asked wr-..at informa­
tion they would remove from 
the reduced FPS, 70% said notl.1-

ing. O.niyshadingwassuggested 
by more than one controller. 
\~'h.e.i asked what information 

they would add to the reduced FPS, 43% said not."iing. 
Other comments were: color ( 13), previous/ next fix (8), 
CID-modifications (4), nomadar indicator (2), size of 

• _j. < (~) • , {2\ . arnviill departure arrow J , mov.;.; Deacon cooe , 1, huger 
altitude (2). Previous fix/ next fix information was men­
tioned by a significant minorit"f .. These concerns often 
dealt with flights transiting from Canada; for sue,.i; 
,..,. • · r • • · h 1 r;1ghts, 1nrormanon aoout time appears now. ere e1se on 
the strips. Thus, when previous/next fix was re.:.-noved, 
strips for Canadian flights had no temporal. information. 

--



0 

.;When as;..ed w identify circumstances that needed 
normd strips, controllers indicated: multiple altitude 
changes (10), appro:d1/departu~e indicators (10), 
nonrndar environment (8), prer_-,hnni:ng (8), holding 
(7}, scanning (6), none (5), vectoring arcs (4), when 
busy (4), and resolving conflicts (3). finally, we askd 
coritrc!lers if they couEd safely controi more, less, or 
the same amount of traffic with the reduced strips. 
:-.Jone projected 2.n ability to control more traffic a.'."!d 
60% bdieved. they would be able to comroi less. 

Condusions and Recomoendations 

We compared the performance and workload for 
controUers com-rolling air traffic in a mixed radar­
nonradar environment using the standard sized FPS 
(1 5/ic," x 8"} and an FPS reduced in both size (l" x 5") 
and the amoum of information it presented. The 
results from 20 reams of field comroHers from Minne­
apolis center are summarized in this report. OveraH, 
the l" x 5" strip yielded deficits in the com:rd of 
nonradar flights, but not in the contrd of radar 
flights. This was evidenced in the subject matter 
experts' evaluation. of noniradar separation, strip pro­
cessing and board management, and, to a marginal 
extem, in the efficiency with which traffic was moved 
through the sector according to the remaining actions 
anaiysi~. Furthermore, the R-side contrnHers' aware­
ness was rated lower when using the smaller snips. 
Because the problems occurred oniy with non.r::dar 
flights, such measures as conflict or MSA W alerts or 
the number ofJ-rings used would not be expected to, 
and did not, vary with condition. 

Interestingly, me com.oilers' evaluation of their 
own peiformance, as indicated on the TLX, did not 
reflect this difference between reduced and normal 
snips. This may hdp expiain why comroHers·did not 
compensate for the sm2iier strips to any great exrem. 
In order to compensate for the reduced strips, contrd­
lers made or;iy one reliable change in their behavior: 
The R-side pointed to the PVD more often. This 
behavior was not because the R-side pointed to the 
smali snips less often. Perhaps the smaH strips engen­
dered more nonverbai communication overaH, but 
1:,.½.is nonverbal communication was not the type r.,_½.at 
alerted our subject matter experts to an.y problem m 
i:.mra-tean1. comm~nication. 

Ahhough there was little compensatory acnv1ty, 
t:!1.e R•side controHer, but not the D-s!de controller~ 
felt the wo.rhload was greater with the 1" x 5" strips. In 

the R-side controHer 
eff.~rtfu! and more frustrating "'ro:-ki::g wirh the smal~ 
strips. Despite being urrJ.er a perceived heavfer work­
load, the controllers nevertheless were 2ble to perforin 
second.art tasks, lik~ granting pilot requests, as often 

' ~ ~ ':1 • --~ 'tH • -s ~L " 

ana as qu1cKry us:u1g small str1ps as tney ctta us1ng 
standard strips. 

This smdy also suppiied information about the 
specific air traffic operations lik.efy tc be affected by a 
reduction to a 1 ~, x 5" FPS. Strip mark~ng~ strip 
processing, 2rrd some 2.Spects of board management 
seemed especiaHy affected. Inferior strip ma;:king was 
evidenced. int.hie OLEE a...'12iysi.s and the comroliers often 
reported that the size of the strip prevented. writing. 

The abrni.ty rn locate a particular strip and to find 
the information on the strip once it 0vas fmmd seems 
to suffer with strip reduction~ The ·=)LEE and the 
comrdle:r opinions echoed this pwbiem. Locating 
strips might have been especia1iy diffio.,Jt for the R­
side) thus leading to the large difference in perceived 
fmstta.tiOTI. The controHers also noted! specific pwb­
lems with the strip display, i.nduding the use of 
shad;ag to replace information that is typicaHy pre­
sented in red. 

Of board managerneru responsi.bilities­
ccnsidered by the comroHers as genera.Hy inferior 
with smaH strips - removal of deadwood. seems tc be 
most Ekdy rn be affected by strip reduction. T· 
OLEE evaluation rated the l" x 5" strips !legative:y, 
and the subject matter expens i:-ecorde& more negative 
comments about removal of deadwood under that 
condidor::. Because few comrnilers compbi.ned about 
handling the smaH strip holders, the deficiency is 
iikdy to lie in an i.n.2.bility to locate those strips ready 
for iremovd. 

Overall, it seems clear that the ] " x 5'1 strip tested 
here was inferior rn the current FPS, especi.a.Hy in the 
control of nonradar fhghts. Thus, b;,.sed on 1these data, 
we cannot :recommend that the 1" x 5" strip, as 
designed for this study, be considered as a design 
option. This, of course, does not mean that the cur­
rent FPS is the on!y method of presemhig flight data. 
A smaHer strip may be feasible. Toward thi.s end, it 
seems deac that some method ofhighHghdng c;iricai 
information, other than shading, should be used. 
Although several controllers offered suggestions about 
the disphy characteristics of the reduced strip, there 
was l.ess concern abou,: th~ substantive infor8ation 
removed. However, previous/next fix information 
was requested by a significant minority. Much of this 



concern was in regard. to flighrr:s cr~"'tsiting from Cana~ 
d.Ran. airspace. For these flights, important tim~ infor­
mati.cn i.s wuti.ndy 2vaib.bte only in the fidd.s used for 
fix post~ngs. Thus, while di:sptay characteristics shmllki 
undoubtedly be changed!, this stt.!.dy also suggests th.at, at 
ieast in some cases, vafo.abie information was removed. 

The pmblems with the smaller size tested here were 
both i.n terms of finding irelevant information qu~ddy 
and wid,. writing on rhe strip. Obviously, a strip b.rger 
than. 1:.,¾.e test version would alleviate many of the 
problems fotmd here, but it is un.dear what size such 
a strip should be, short of using ;:he cmrem FPS. A 
larger strip would aifow more space for writing and, 
together with optimally formatted information, may 
be suf:ficiem. This might be especially true cnce the 
con.:rn.Her gains some experience with smaller strips; 
the controHers in this study obviously had had no 
prior experie.!Dlce with the 1" x 5" strip. · 

h is also apparent that the reduction. win have its 
greatest impact on nomadar flights. In fact, other 
work by thi.s research team has suggested mat in 
sectors ,mder radar com:rnL strip marking maght be 
eiiminated completely, and the strip size and i.nfo:rma-

. tion reducedsubstantialJy. However, thecurremsmd.y 
suggests that this is not the case wit_h_:10~.-adar flights. 
Thus, one soimion involves a chal.1ge in. procedures: 
Required sn-ip marking rnuM be eliminated ,md con.­
t.-ohern codd be given me option to retain only those 

. ' d r d 0 • • ..,... • stnps neede to coi:wro1 noi:ua -a; .dtghts. .!!. hJ.s ornce-
, I . ld ' 1.. b. .. . i. 11 aura ch,mge cou also oe C1)ffi · med'. wan a smru,er 

snip, although it is undear from this study what the 
size and ch:mtcterist.i.cs ofthe reduced strip should be. 
This study does iru!icate, however, that a 1" x 5" st::ip 
with the characteristics described in this report -..vm be 
unti.kdy to allow controHers to perform their job at 
the cmirent: levds of efficiency and workfoad. 
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APPENDTIXA 

Sample On-Line Expert Evalluation Form 

Sepair~ilacin 
! Non-radar 
! 

Radar 

Essentis:R Srip M21rkin:rll 
Essential for effective control 

Mandated by n rn.65 

Speed 
Difficulty locatina strips 

Slow strip scan 

I llcn-veroit! commo~lcaticno (<one _,,.,, which can be done ,.,,_,.ma,~) 

1 A.wartHtess 
I -,,,,--..,.....-------------------------'..,.-.-------------Bos :rd Mirmag:emeli!1t 
! Additions to active bay 
! 

Removal of deadwood 

~ffective sequencing 

Sample On-Une Expert Evaluation (OLEE) form used by subject matter experts {SMEs) to rate the 
effectiveness of controller activities involving strip usage. SM Es rated R-side activities sepa,ate!y from !D­
side activities. 
S = Satisfactory, NI= Needs !mprovement, U = Unsatisfactory. 




