


probability have beenomitted. Table 2 presentghe
samedatain the SVS condition. The key finding to
noteis that onceattentionis directedto a particular
display, it tendsto staythere;mostfixations on a
regionare followed by anotherfixation on the same
region.

Table 1. Human probability of transition from (vertical) one
display to another (horizontal), Phase 2, no SVS

OTW SVS PFD NAV MCP DMC
OoTW 0.02 - - - - -

SVS - - - - - -
PFD - - 025 010 - -
NAV - - 010 0.27 - 0.01
MCP - - - - 0.04 -
DMC - - - 001 - 0.05

Table 2. Human probability of transition from (vertical) one
display to another (horizontal), Phase 2, SVS

OTW SVS PFD NAV MCP DMC
OTW 0.1 - - -
SVS - 0.14 002 0.01 - -

PFD - 0.02 022 0.08 - -
NAV - 0.01 0.08 0.22 - -
MCP - - - - 0.02 -
DMC - - - - - 0.05

Again, it is clearthatthe SVS hada substantial
impacton the pilotsQallocation of attentionduring
this phaseof flight.

METHODS AND RESULTS: COMPUTATIONAL
COGNITIVE MODEL

We haveconstructeca modelpilot usingthe most
recentversionof the ACT-R cognitive architecture,
ACT-R 5.0 (Anderson.etal., in press)ACT-R is a
computationalcognitive architecturewhich takesas
inputs knowledgeabouthow to do the task, both
procedurabnddeclarative anda simulatedworld or
environmentin which to run. It containsa variety of
computationalmechanismsand the ultimate output of
the modelis atime stampedseriesof behaviors
including individual attentionshifts andsaccades,
speechoutput, button pressesandthe like.

Oneof the thingswhich distinguishesan analysis
at the level of a cognitive architecturesuchas ACT-R
is thatit is possibleto Ocloséhe loopOof the human-
machinesystem.That s, both the humanandthe
evaluatedsystemare modeleddynamicallyandin
detail,andthe two sub-modelsare coupled,yielding a
model of the completedynamicsystem.Work on the
taxiing modelrevealedthat fidelity of the
machine/environmennodel was critical in
understandinghe performanceof the humanmodel;

in particular,many of the Ohigher—lpvel@ecisions
ultimately dependedn Olow-level@ropertiesof the
human-environmensystem.

For the aircraft model,we usedthe commercially-
availableflight simulatorpackageX-Plane,which has
beencertified by the FAA for usein pilot training (see
<http://www.x-plane.com/FTD.html>for details.The
simulatormustbe providedwith the appropriate
aircraft model (readily available)and an autopilot
program,which we developedurselvesasedon the
approachplate providedby NASA. ACT-R is coupled
to X-Planevia a low-level UDP network connection,
asdepictedin Figure3.

The knowledgegivento ACT-R to modelthe
pilot wasbasedon a detailedtaskanalysisprovidedby
NASA (Keller, Leiden,& Small,2003)andinterviews
with a subjectmatterexpertwho is a captainand
flight instructorfor a major U.S. carrier. The primary
point of comparisonfor the model outputis the
humaneye-trackingdata,which canbe examinedat
variouslevels of abstraction.
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Figure 3. System overview

Thefirst issueaddressedthy the modelis why pilots
rarely look out the window but allocateconsiderable
attentionto the SVS. The task analysiscoupledwith
the modelOsnemorydynamicsindicatedthat as pilots
updatetheir internal representatiorof the flight, they
requirelittle informationwhich is availableout the
window. However,the SVS displaysmorethanthat; it
hassymbologyoverlaidwhich displaysmany piecesof
flight information (e.qg., altitude, airspeedheading)
that areredundanwith otherdisplays.Thus, our
modelpilot looks at the SVS primarily asa proxy for
otherinstrumentsyratherthan as a proxy for OTW.
This canbe seenby looking at the modelOs
performanceén SVSvs. no SVS conditionsin Phase2,
aspresentedn Figures4 and5. (OOffQixations are
omitted sincethe location of all model-generated
fixations is determinable.)

While the model presentlyoverestimateshe
proportionof fixations directedat the NAV display,
we believemostof the mismatchesn the area result
of inaccuraciesn the knowledgegivento the model



andarein the procesf revisingthe modelbasedon
further discussionsvith our SME. More importantly,
the modeldoesa goodjob of capturingthe fixations
which aredrawnto the SVSwhenit is addedto the
cockpit environment.
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Figure 4. Model and data performance, Phase 2, no SVS
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Figure 5. Model and data performance, Phase 2, with SVS

In addition,the modelenablesmorefine-grained
comparisonghan simply that. A transition matrix
like the one obtainedfrom the experimentakubjects
is alsogeneratedy the model. Table 3 presentghe
matrix generatedy onerun of the modelin Phase?
without SVS,andTable4 showsthe SVS condition.
Comparethesewith Tables1 and 2, respectively.

While the model doesnot perfectly matchthe
humandata,the numbersare a promising
approximationr-squaredof 0.80 whenlooking at
both SVS andnon-SVSconditions.And again,certain

aspectof the knowledgegiven to the modelare
currentlyunderrefinementbasedon discussionsith
our SME, andwe hopethis will correctmismatches
betweenthe modelandthe data.

Table 3. Model probability of transition from (vertical) one
display to another (horizontal), Phase 2, no SVS

OTW SVS PFD NAV MCP DMC

oTW - -
SVS - - - - - -
PFD - - 016 015 - 0.07
NAV - - 015 038 - -
MCP - - - - - -
DMC - - 007 - - 0.01

Table 4. Model probability of transition from (vertical) one
display to another (horizontal), Phase 2, with SVS

OTW SVS PFD NAV MCP DMC

OTW - - - - -
SVS - 0.08 0.06 0.04 - 0.03
PFD - 0.05 0.08 0.07 - 0.04
NAV - 005 006 035 - -
MCP - - - - - -
DMC - 0.03 0.04 - - 0.01

DISCUSSION

Overall,the modelindicatesthatthe SVS standsin
asa proxy not just for looking out the window, which
wasthe original designintent, but dueto the
symbologyoverlaidon the SVSitself, alsoasa
secondarynstrumentcluster.So, while the SVS made
only a small differencein overall pilot performancean
the particularscenariosevaluatedn the NASA study,
it had a dramaticimpacton the pilotsCallocation of
attentionacrossthe variousdisplays.While this did
not have much impacton performancen the
relatively easyscenariogacedby in this study,we
believethis could potentiallyimpact performancen
otherapproachandlanding scenarios.

Therefore,we intendto explorethe impact of
alterationsin the SVS overlay symbologyon the
modelOsttentionallocationto get a betterindication
of the impactsof specific symbologychoices.For
example,we canremovethe headingindicator
providedon the currentSVS andasses$iow this
changeghe modelOsllocationbehavior.Similarly, we
canassesshe impactof addinginformation (e.g.
vertical deviationfrom the specifiedGPSflight path)
to the SVS, sincewe havea OvirtualSVSQwith which
the model caninteract. B

Basedon informal examinationsf the modelOs
interactionwith the system,we canalready B
recommendwo changego the SVS. First, pilotsO
information needschangesubstantiallyduring
differentphasef flight, andsincethe SVSis



dynamic,it shouldbe possibleto conditionthe
overlaid symbologybasednot only on the phaseof
flight, but on specificneedswhich ariseat particular
pointswithin thosephasege.g.,nearwaypoints).One
additionalrecommendatioris that the waypoints
themselvede renderedasvirtual objectson the SVS,
sinceassessmentf relationshipto the next waypoint
is a critical and oft-repeatedaskwhich could be better
supportedhanit is on currentdisplays.

There are other potential payoffs to this
approachaswell. Thereis nothingaboutthe model
which is intrinsically tied to the SVS. Thatis, the
modelcould potentiallybe usedto assesshe impact
on attentionallocation of otherchangesn the
cockpit, suchasaddingor removingother
instrumentation,or making alterationsto extant
displayssuchasthe PFD.

Onea moretheoreticallevel, we arealso
investigatingthe relationshipbetweenour relatively
detailedlow-level ACT-R modeland more abstract
modelsof attentionallocationexemplifiedby Senders
(1964) and Wickens (2002). We believethat these
higher-leveldescriptionsmay be characterizationsf
behaviorswhich are emergenfrom the lower-level
propertiesof the humanvisual-cognitive-motor
system,asinstantiatedn modelslike ACT-R. This
may usefulin determiningparameteraluesand
boundaryconditionsfor suchhigher-levelmodels,
many of which are currentlysetin usefulbut not
necessarihyprincipledways.
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