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Theinitial segment strategy:
A heuristicfor route selection
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People often choose one route when traveling from point A to point B and a different route when
travelingfrom point B to point A. To explain these route asymmetries, we proposethat peoplerely on
aheuristic (theinitial segment strategy, or ISS) duringroute planning. Thisheuristicinvolvesbasing
decisions disproportionately on the straightness of the initial segments of the routes. Asymmetries
arise because the characteristics that favor selection of a particular route in onedirectionwill usually
differ from those that favor selection when traveling in the opposite direction. Results from five ex-
periments supported these claims. In the first three experiments, we found that subjects’ decisions
wereasymmetricand involvedapreferencefor initially straight routes. In Experiment4, we confinned
that the | SSisaheuristicby demonstratingthat peopl erely onit morewhen under time pressure. How-
ever, people can choose the optimal route when instructed to do so. In Experiment 5, we generalized
thefindingsby having subjects select routes on mapsof collegecampuses. Takentogether, the results
indicate that the 1SS can account for asymmetriesin route choiceson both real and artificial maps.

A consistent finding in research on decision making
and planning is that choices are often asymmetric. For
example, people may judge that Cubais more similar to
the (former) Soviet Union than viceversa(Tversky, 1977).
Asymmetries have been demonstrated in many different
domains, including judgments of spatia distance (Holy-
oak & Mah, 1982; McNamara, 1991; McNamara & Di-
wadkar, 1997; Montello, 1991 ; Newcombe, Huttenlocher,
Sandberg, & Lie, 1996; Sadalla, Burroughs, & Staplin,
1980), descriptions of networks (Denis & Cocude, 1989;
Robin & Denis, 1991), and counterfactual reasoning (Dun-
ning & Parpal, 1989).

Our focushere is on asymmetriesthat occur when plan-
ning routes between two locations. Several researchers
have demonstrated that route selections are often asym-
metric; people consistently prefer a different route when
traveling from location A to location B than when travel-
ing inthe oppositedirection. These path asymmetrieshave
been observed in many different kinds of tasks, including
people's planning of routes from maps (Bailenson, Shum,
& Uttal, 1998; Christenfeld, 1995),drivers recal of routes
that they usually follow (Stern & Leiser, 1988),and pedes-
trian's selection of routes when traveling across a parking
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lot (Chnstenfeld, 1995) or along pathson a college campus
(Shum, Bailenson, Hwang, Piland, & Uttal, 1998).

Asymmetriesin route selection areinteresting because
they involve aviolation of what would seem to be avery
important consideration in planning routes: the desire to
take the shortest route. If people attempt to choose the
shortest route and these attempts are successful, their se-
lections should rarely be asymmetric; the shortest route
will be the same, regardlessof direction. However, people
do not always choose the shortest route (Bailenson et al.,
1998; Christenfeld, 1995). Rather, they seem to rely on
heuristicsfor selecting routes. These heuristicsminimize
cognitiveeffort and usually will lead to satisfactory route
choices. However, one consequence of the reliance on
heuristics, as opposed to a systematic search for the op-
timal route, is predictable asymmetries. In the present
work, we delineate the conditionsunder which peopledo
and do not rely on aheuristicthat leadsto systematic asym-
metries in route selections.

Christenfeld (1995) proposed one heuristic for route
selection: People defer route decisionsfor aslong as pos-
sible. Asisshownin Figure 1, Christenfeld asked people
to choose from routes that were identical in al aspects
except the location along the route at which a turn was
required. The layout of some possible routes required a
turnearly on, but on other routes, theturn could bedeferred
because of along and straight initial segment. To mini-
mize mental effort, people selected the routes on which
theturn occurred last. Use of thisheuristic leadsto asym-
metric decisions, because the route with the last turn will
necessarily be different when traveling along a route in
one direction than when traveling in the opposite direc-
tion. Christenfeld attributed his findings to the use of a
domain-general decision-making heuristic for selecting
among identical options.
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Figure 1. A depiction of theroutessubjectstraversedin Chris-
tenfeld's (1995) Experiment 5. When travelingfrom A to B, sub-
jects preferred Route 3, because they did not haveto turn until
the last possible moment. When travelingfrom B to A they pre-
ferred Route 1.

Christenfeld's explanation adequately accounts for
those situations in which the routes are identical except
for the location at which a turn must be made. However,
his model may not be applicable to many route choice sit-
uations. For example, two routes are rarely identical in al
waysexcept the location of turns. Furthermore, people do
not always have the option of delaying turn decisions. In
many cases, the first route decision may be the only deci-
sion one has to make (i.e., deciding between two major
highways for a long-distance trip). In these situations,
there is no opportunity for people to delay decisions, yet
asymmetries still occur (Shum et al., 1998). The purpose
of the present paper wasto providea more general account
of the factors that lead to asymmetries in route selection.

In this paper, as well as in previous work (Bailenson
et al., 1998), we suggest that people tend to focusdispro-
portionately on theinitial portions of the routes (i.e., the
segments near the origin). More specificaly, people tend
to make their route decisions on the basis of the straight-
ness of the initial segments. As used here, straightness
meansthe relative absenceof curvesor turns. Wecall this
preferencefor initially straight route segments the initial
segment strategy (1SS). Given the choice between two
routes, people will prefer the one that is initially more
straight, regardless of what the later portions of the routes
look like. Use of this heuristic leads to path asymmetries,
because a route may be initialy straight at one end (near
the origin), but not at the other end (near the destination).
If origin and destination are switched (i.e., when someone
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makes a return trip), people may prefer a different route
that is straight at their present location. This pattern of
preferenceswill consistently lead to asymmetries.

Past research supports the notion that people attend
particularly to theinitial segments more than to the other
segments. For example, lida, Akiyama, and Uchida (1989;
cited in Bovy & Stern, 1990) askedpeopleto assign travel
time estimates to routes with which they were familiar.
The characteristics of the initial portions of the routes
had the largest effect on estimates of total travel times.
For example, routes that began with sections that could
be traveled quickly received consistently lower time es-
timates than routes on which the quickly traveled section
came later. Furthermore, Bailenson et a. (1998) demon-
strated that, when maps were segmented into distinct re-
gions, people preferred routesthat wereinitially straight
over ones that contained a large number of turns in the
initial portion, even when theinitialy straight routes were
longer. People appeared to pay little attention to the ap-
pearance of the remainder of the routes.

In sum, the evidence from previous studies is consis-
tent with the notion that asymmetries arise from areliance
on the ISS. The goals of the present work were (1) to pro-
videa systematic explanation of why asymmetriesin route
choice occur, (2) to establish a coherent account of how
use of the ISS may lead to route asymmetries, and (3) to
thoroughly delineate the parameters of the ISS, including
defining the meaning of key concepts, such as straight-
ness and initial segment. We sought to answer questions
such asthe following. How straight does a segment need
to be for subjects to choose asymmetrically? What pro-
portion of the route is included in the initial segment? Is
theinitial segment defined by length along the route or by
boundaries of aregion? Do large route asymmetries occur
on maps that are not bounded by regions?

In Experiment 1, we gave subjects an opportunity to
choose between two routes of equal length, one that was
relatively straight and one that contained various num-
bers of turns. We predicted that the subjects would pre-
fer routeswith fewer turnsto routesthat werelessstraight,
even when the two routes were equal in length. In Ex-
periment 2, we demonstrated that people attend to the
straightness of a route most often when the straight por-
tion isat the beginning of the route. In this experiment,
we manipulated the size and location of the straight por-
tion and predicted that only the straightness of theinitial
portion (and not straight portions at other pointsin the
route) would affect the subjects’ preferences. In Experi-
ment 3, we focused the subjects’ attention on the initial
portion of routes by imposing region boundaries on the
maps. We predicted that we could shift the subjects' pref-
erencesfor routes by changing the characteristics of route
segments within theinitial region. In other words, if the
initial region weredrawn so that thefirst turnin theroute
wasincluded, the subjects should tend to avoid that route.
If theinitial region were drawn to exclude the first turn,
then subjectsshould prefer that route. In thismanner, vary-
ing the straightness of the initial portion of routes (with-
out changing features of the actual routes themselves)
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should influence the decisions of subjectswho are using
theISS.

In Experiment 4, we tested the claim that the ISSisa
heuristic. Our claim isthat the focuson initialy straight
segmentsisastrategy that people employ to reduce pro-
cessing demands. Like other heuristics, the | SS does not
reflect general constraints on the processing of infor-
mation. Rather, it is a method that people rely on to re-
duce cognitive load (Payne, Bettrnan, & Johnson, 1988;
Simon, 1981). Therefore, in Experiment 4, we demon-
strated (1) that people rely more on the | SS when under
cognitiveduressbut (2) that they could select the optimal
(i.e., the shortest) route when instructed to do so.

Finaly, in Experiment 5, we attempted to generalize
thefindings by having subjectssel ect routeson real maps
of five college campuses.

EXPERIMENT 1

In Experiment 1, we tested the general ideathat people
prefer to travel on pathswith fewer turns, regardlessof the
length of those routes. Although previous research has
shown that travelersprefer routes containing fewer turns
(Seneviante& Morrall, 1986),to our knowledge, no stud-
ieshavecontrolled for the absol utelength of routes; usualy,
the more turns a route has, the longer it is. Because we
claim that subjects’ judgmentsare based specifically on
the straightnessof routes, it is necessary to providedirect
evidencethat people prefer straight routeseven when the
straight routeis not shorter than the alternatives.

In the present experiment, the subjects chose routeson
maps that contained two buildings and two possible
paths between the buildings. One of the two pathson the
map had more turns than the other path had, but the two
paths were equal in length. Our account predictsthat the
subjects will systematically choose the route with fewer
turns. A corollary prediction was that the magnitude of
the preference for the route with fewer turns should be
directly related to the number of turnsin the alternate
route: the moreturnsin the alternate, the greater the pref-
erence for the route with fewer turns.

Method

Subj ects. The subjects were 20 Northwestern University under-
graduates in an introductory psychology class, who participated to
receive course credit.

Materialsand Design. We created four map templates. As is
shown in Figure 2, on each template, there was an origin building
and adestination building, joined by two possible routes. Theroutes
did not intersect; consequently, once a person selected a particular
route, he or she had to follow that route until the destination was
reached. On two of the templates, the paths spanned from top-left
to bottom-right, whereas on the other two templates, the paths
spanned from top-right to bottom-left. One of the routesthat joined
the two buildings featured a single turn (single-turn route). The
other route (multiple-turn route) was always the same length as the
single-turn route but had more turns. For each template, we created
four versions, in which wevaried the number of turnsinthemultiple-
turn route—two, three, four, or five turns. As a result, there were
four versions of each template (resultingin 16 different maps).

Each subject received a page of instructions and a booklet con-
sisting of 32 pages. Thefirst 16 pages of the booklet contained all
four map templates in all of the number-of-turns conditions in a
random order. Thefinal 16 pages were simply copiesof pages 1to
16. Thus, each subject saw each map twice. Half of the booklets de-
picted the origin building on top, whereas the other half depicted
the destination building on top. We manipulated the main variable
of interest, thenumber of turnsin the multiple-turn route, within sub-
jects. Every subject saw thesingle-turnroute pittedagainstamultiple-
turn route that contained two, three, four, and five turns.

Procedur e.The subjects participated in groupsof 12or less. The
instructionswere asfollows:

In the following experiment, you will see a series of maps of a town.
Each map isona separate page. Thick dark lineson the map represent
roads on which you can travel; you will also see buildingsand lakeson
the maps. Y our task for each map isto find a route between two build-
ings. The letter " S' appears on the building you must start from. Y our
destination isthe building which isdenoted with the letter "F'* So your
jobistofind apathfrom"S'to "F" Whileyoutravel, you must stay on
the streets (thick dark lines). Please begin on a street which emerges
from the building indicated by "S™ Please do not look back over maps
that you have completed aready.

The subiects indicated their choice by tracing the route with a
highlighter. After they completed the packet of maps, the subjects
completed a postexperiment questionnaire that asked their age, gen-
der, and handedness.

Resultsand Discussion

The dependent variablewasthe percentageof timesthe
subjects selected the single-turnroute over the multiple-
turn route. Over all trials, the subjects selected the single-
turn route 80% of thetime. This percentagediffered sig-
nificantly fromwhat woul d be expectedfrom chance (50%)
[t(19) = 6.48,p<.05] Wewereinterestedin whether this
percentagevaried depending on the number of turnsin the
multiple-turn route. There wasasignificant linear trend
[F(1,19) = 5.35,p < .01]. As the number of turnsin the
multiple-turn routeincreased, the subjects preferencefor
thesingle-turn routeincreased. The meansfor mapswith
two, three, four, and five turnswere .21, .24, .20,and . 13,
respectively. The subjects performed comparably on the
first and the second presentations of the maps.'

The resultsof Experimenl are consistent with Sene-
viante and Morrall's (1986) finding that subjects prefer
straight paths over aternativesthat contain turns. More-
over, the present experiment shows that this advantage
holdseven when the length of the two pathsis held con-
stant. The results thus replicate prior findings that have
shownthat peopleoverwhelmingly prefer straight routes.
Moreover, the present findings indicate that straightness
can be moreimportant than length in determining which
route people will select. In Experiment 2, we went on to
test whether people base their decisions on straightness
more often when the strai ght segment of the route occurs
near the origin than when-the straight segment occursin
other places aong the route.

EXPERIMENT 2

A crucia element of the ISSisthat straight segments
should have moreinfluencewhen they occur near the ori-
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Three-turned high tum route

Four-turned high tum route

Fveturned high tum route

Figure2. Four differ ent ver sionsof oneof themapsused in Experiment 1.
Thereweretwo possibleroutes—a single-tur nroutethat contained only one
turn, and a multiple-turn route that contained morethan oneturn. Aswe
increased the number of turnsin themultiple-turnroute, thesubjectswere
morelikely toselect the single-turn alternative.

ginsthan when they occur in other places along the route.
Recall that we claim that asymmetries arise in route se-
lectionsfrom a preferencefor routesthat begin with straight
segments. In Experiment 2, wetested this claim. Wealso
attempted to specify more clearly what constitutes an ini-
tial segment. We asked people to choose between two
routes that wereidentical in all aspects (including length
and overal number of turns) except the straightness of
theinitial segment. One end of the two paths was straight,
whereas the other end contained a number of turns and
curves. We predicted that the subjects would prefer the
route that began with the initially straight segment and
that their choices, therefore, would be asymmetric.

In addition, weinvestigated whether portions of routes
other than theinitial segment affected the subjects' route
preferences. To test for this, we varied how much of the
routeswas straight and how much of the routes contained
turns. If people focus most on the initial segments of the
route, characteristics beyond the initial segment should

have relatively little effect. What should matter most is
the straightness of theinitial portion of the route, not the
overdl straightness of the route.

Method

Subj ects. The subjects were 23 Northwestern University under-
graduatesin an introductory psychology class, who participated to
earn partial course credit.

Materialsand Design. We created two map templates. On each
template, there was an origin building and a destination building
that werejoined by two routes. The two paths wereactually identical;
onewassimply rotated 180°, relative to the other. Consequently, on
each map, there weretwo routes. Theinitially straight (1S) route be-
gan with a straight section and ended with a curved section. The
initially circuitous(I C) route began with a curved section and ended
withastraight section. Asin Experiment 1, the pathsdid not intersect.

From each of the two templates, we created four maps (see Fig-
ure 3). Across the four maps, we varied how much of each route
was straight and how much of each route contained turns. On the
control map, both routes contained turns for the entire route. For
the three experimental maps, al of the routes contained a straight
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Figure 3. Oneof the four experimental maps used in Experi-
ment 2. This particular map consists of routes that are 25%
straight. Theinitially straight routeislabeled" 1S" and theini-
tially circuitousrouteislabeled "I1C."

segment at either the end or the beginning of theroute. Thestraight
segment was alwaysat least one quarter of theroutes. Wevaried the
percentage of the remainder of the routes that contained turns: about
50%, about 67%, or almost 100%. For each map template, the num-
ber of actual turns and the width of the turns were held constant
across conditions.

Thetest booklets were organized asfollows. After theinitia in-
struction page, there were 16 maps, each appearing on a separate
page. The maps were organized into two blocks of 8. In the first
block, asubject saw al 8 maps (the four versions of each of thetwo
templates) in arandom order. All of the mapsin thefirst block had
either the building marked "'S" (the origin) near the top of the map
or the building marked "'F" (the destination) near the top of themap
(see Figure 3). In the second block, the subjects saw the 8 mapsin
the same order asthat in Block 1; however, the origin and the des-
tination were switched (i.e., if theorigin had been on top in thefirst
block, the destination was on top in the second block). The loca-
tions of the origin and the destination buildings were counterbal -
anced. Half of the subjects received maps with the origin near the
topin thefirst block, and the other half received maps with thedes-
tination near the top in thefirst block.

An important characteristic of the design was that it allowed an
assessment of both within- and between-subjects asymmetries in
route selection. Detection of within-subjectsasymmetriesinvolved
examining both blocks to determine when the subjects’ selection of
an alternate route had depended entirely on whether the straight
segment of the route was near the origin or near the destination. De-
tection of between-subjectsasymmetriesinvolved examining whether
therewas a consistent preferenceacross subjectsfor routesthat had
straight sections near theorigin. For thisanalysis, weexamined only
thefirst block, because selections madein the second block conceiv-
ably could beinfluenced by what people chose in thefirst block.

Procedure. The instructions and procedure were identical to
those of Experiment 1.

Resultsand Discussion

The subjects showed no preference for the left route
(chosen on 47% of thetrials) or the right route (chosen
on 53% of thetrials). However, for the experimenta maps,
the subjects consistently preferred the routesthat began

with initialy straight sections. As had been predicted,
these preferencesled to asymmetriesin route selections.

The main dependent variable for the experimental maps
was the percentage of trials on which subjects preferred
the ISroute, as opposed to the IC route. Over dl trialsin
the threeexperimental conditions, the subjects preferred
the IS route 64% of the time. This percentage differed
significantly from chance [50%; t(22) = 2.31, p < .05].
Thisresult reveal swithin-subjectsasymmetries. For any
given subject, each route was an | Sroute half of thetime
and an IC route the other half of the time, depending on
the placement of the originand the destination. Thus, the
subjectsswitchedtheir selection of routes, depending on
which point was the origin and which the destination,
eventhoughthetwo routeswereidentical. That is, on the
same map, the same subjects tended to choose different
routes, depending on the placement of the origin and the
destination.

To examine the presence of between-subjectsasym-
metries, we looked at the subjects performanceon just
the first block of experimental trials. On thesetrias, the
subjectsselected the IS route 75% of thetime. Thus, the
subjectsconsistently preferred an 1S route, regardl ess of
whether the origin was near the top or the bottom of the
map.

These results suggest that what mattersto subjectsin
route selection is not the overall curviness of the route
but, rather, the straightness of the initial portion of the
route: If theinitial portion is straight, subjectswill pre-
ferit, regardlessof how circuitousthe rest of therouteis.
Recall that we included three experimental conditions
that varied the overal curviness of the portions of the
routes adjacent to the straight segment. However, this
manipulation did not significantly affect the subjects
preferences: The percentage of trials on which the sub-
jects selected the IS route was 75%, 74%, and 76% for
the mapsthat contained 50% turns, 67% turns, and 100%
turns on the remainder of the routes, respectively.

These results provide a particularly compelling dem-
onstration of the effects of the initial portions of routes
onsubjects preferences. The consistent preferencefor the
routesthat began with astraight section, regardlessof what
happened in the remainder of the route, contrasts with
the control condition routes, in which subjects demon-
strated no preferencefor the left or the right routes. That
subjectsswitchedtheir path choice solely because of the
features of the initial segment provides strong support
for our account of asymmetries and route choice. The
initial straightness of routes appearsto be crucial in de-
termining which route a person will select.

EXPERIMENT 3

Theresultsof the prior experimentsdemonstrate (1) that
the straightness of routesinfluences peopl€e's preference
and (2) that people prefer routes with |S segments to
routes wherethe straight segmentsoccur in other places
aong the route. In Experiment 3, we sought to provide
additional evidencefor the disproportionate influence of



theinitial portion of routes. We attempted to manipulate
the initial portions of routes by inserting regions and
boundaries onto the map. Previouswork (eg., Bailenson
etal., 1998; Downs, Liben, & Daggs, 1988; Sadallaetal .,
1980) has shown that people tend to make route decisions
on aregion-by-region basis when amap is segmented into
anumber of bordering areas. That is, peoplefocuson route
choiceswithin agivenregionand follow the selected route
until they reach the next region, where they repeat the
decision-making process.

We hypothesized that adding regions would change
people's perceptions of what constituted an initially
straight route segment. Specifically, we predicted that peo-
ple would prefer initial route segments that did not con-
tain aturn within the initial region, even when the over-
all straightness and length of the alternatives were held
constant. The origin regions were designed to include a
turn on one route and none on the other, or vice versa
We predicted that the subjectswould prefer pathsthat did
not contain turnsin theinitial regionsover those that did
contain turns, although the paths themselves were iden-
tical. Inaddition, we predicted that this preferencewould
shift when we reconfigured the regional boundaries to
either include or exclude a turn in the initial route seg-
ments. In sum, we predicted that we could alter peoples
route selections simply by changing whether the initia
region contained aturn. Thisfinding would providestrong
support for the claim that people focus differentially on
the straightness of initial segments and that these prefer-
ences contribute to the occurrence of asymmetries.

Method

Subj ects. The subjects were 22 undergraduates in an intro-
ductory psychology class, who participated to earn partial course
credit.

Materials. We created four map templates. On each template,
there was an origin building and a destination building that were
joined by two possible routes. The two routes on each map were
identical, except that onewasflipped 180, relativetotheother (see
Figure 4).

Each template was varied in two ways. First, we varied whether
theorigin or thedestination appeared on top. Second, we varied the
configurations of the regions on the map; half of the paths on the
maps had turnsin theinitia region, and the other half did not. More
specifically, on half of the maps, the path on the | eft contained turns
intheinitial region, whereas the path on the right contained noturns
in theinitial region. The location (left or right side of the page) of
the paths that did and did not contain turnsin theinitial region was
reversed for the remainder of the maps. Consequently, there were
four versions of each of thefour templates, resulting in 16 different
maps. An example of the two different regionalization schemesis
shown in Figure 4.

Counterbalancing. A packet consisted of an instruction page
and 16 maps. The maps were organized into blocks so that each sub-
ject saw four separate blocks. The order of blocks was constrained
so that the first two blocks always featured either the origin on top
for both blocks or the destination on top for both blocks. The third
and fourth blocks in the packet awaysfeatured the opposite: If the
first two blocksin the packet featured the origin on top, the second
two blocks in the packet featured the destination on top. Order of
the blockswas counterbalanced so that half of the subjectsreceived
the origin on top first, whereas the other half received the destina-
tion on top first.
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Bias-
Right

Bias-
L eft

Figure4. The two regionalized versionsof one of the four ex-
perimental mapsused in Experiment 3. Themapswer eidentical,
except for theconfiguration of theregions. The shape of thefirst
region determined-which of the two routes the subjects were
likely toselect. Thetop map islabeled " Bias-Right," becausethe
routeon theright containsnoturnsin theinitial region. The bot-
tom map islabeled" Bias-Left," becausetherouteon theleft con-
tainsnoturnsin theinitial region. When the origin and destina-
tion labels (*S' and " F") were rever sed, the bias was switched
from onerouteto theother.

Procedure. The procedure was similar to that used in the previ-
ous experiments.

Results and Discussion

We predicted an overall preference for routes that con-
tained no turnsin the origin region. Consequently, the de-
pendent variable was the percentage of timesthe subjects
selected the route that did not contain aturn in theinitial
region. Over al trials, the subjects selected the predicted
route58% of thetime. Thisdifferssignificantly from what
would be expected by chance [t(19)= 2.35, p <.05].In
addition, the subjects selected the predicted route over
60% of the time on three out of the four map templates.
Thisfinding indicates that the particular configuration of
the origin region on a map affected what routes people
preferred. Recall that, on each map, the only difference
between the two possible routes waswhether theinitial re-
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gion containeda turn. The subjectsreliably preferredthe
routesthat did not containturnsin theinitia segment.

Imposing regions on maps focused the subjects at-
tention, to some degree, on theinitia region containing
the origin. Selection was based on the straightness of the
availableroutes in that initial region. As was shown in
Experiment 1, subjectspreferred straight routesover ones
containing turns. Experiment 2 demonstrated that this
preferenceisbased on theinitial straightnessof theroute.
The present experimentconfirmed both of thesefindings.
Even when the routeswereidentical in shapeand length,
focusing aperson's attentionon the straight portion of the
initial segment determined which route he or she chose.

In Experiment 4, we sought to provide evidence that
the I SS can be construed asaheuristic. We predicted that
use of the | SSwould increasewhen time constraintswere
imposed but would decrease when subjects wereencour-
aged to choose the shortest route.

EXPERIMENT 4

We claim that the ISSis a heuristic—a rule-of -thumb
that leads to suboptimal but generally satisfactory route
selections. This claim suggests that people do have the
ability to pick the optimal (i.e., the shortest) route; how-
ever, they attempt to minimizemental effort by attending
disproportionately to the initial segment. Previous re-
search has suggested that heuristicsare used in situations
in which mental resources are taxed, such as when there
isnot timeto work out the optimal solution (Payneet dl.,
1988; Simon, 1981). To provide support for this notion,
we flashed the mapsquickly on acomputer screenand then
asked the subjects to choose a route. We predicted that,
under this limited processing time, the subjects would
resort to the ISS more often than when they had unlim-
ited time.

Furthermore, we al so tested whether the subjects were
capableof selecting the shortest route. We predicted that,
when given instructions to do so, the subjects could se-
lect the optimal route, even under time constraints. This
pattern of results would confirm that people rely on the
I SSto minimizecognitiveeffort but that they are, in fact,
capable of putting it aside when they want to make an
optimal decision.

Method

Subj ects. The subjects were 60 Northwestern University under-
graduates in an introductory psychology class, who participated to
earn partial course credit.

Materials. We created 4 experimental maps and 24 filler maps.
Each map was designed to completely fill the screen of a 14-in.
computer monitor. The maps were designed to control for various
factors, such as the relative positions of routes on the computer
screen. On each map, one building was marked with starT (the ori-
gin), and one was marked with FiNisH (the destination).

Each map contained three nonintersecting routes from the origin
to the destination (see Figure 5). Asin Experiment 2, the experimen-
tal maps weredesigned to test the hypothesisthat people would pre-
fer pathsthat began with initially long, straight sections, even if these
paths werelonger than the alternatives. We varied the characteristics
of thethree routes asfollows. Two of the three routes tested our 1SS

hypothesis. Thel Srouteawaysbeganwithalong, straightinitial seg-
ment and ended with a circuitous portion. The I C route began with a
curved section and ended with the straight section. Asin Experi-
ment 2, we simply flipped the initially straight route on the horizon-
tal axis. Therefore, the IS route when traveling in one direction was
actually thel C routewhentravelinginthe oppositedirection. Weal so
included athird route, theshortest (SHO) route, on each map, which
was the shortest (Euclidean) distance from the origin to the destina-
tion. The SHO route did not contain any straight segmentsthat were
greater than 15% of thelength of the other routes. The SHO routewas
constructed by connecting the origin and the destination with aline
that was approximately one third shorter than the other two routes.
Conseguently, we predicted that the subjects would not choose the
SHO route if they relied on the ISS. Two of the four experimental
mapsfeatured the SHO routein the center of the screen (i.e., between
thelSand the IC routes), and the remaining two experimental maps
featured the SHO route on one of the sides of the screen.

The filler maps were used to prevent the subjects from discern-
ing the nature of the study. They were similar to the experimental
maps in that they had an origin and a destination that were con-
nected by three nonintersecting routes. On thefiller maps, the char-
acteristics of the three routes, such as the length of the routes and
the number of turns, were varied randomly.

Design. We varied two factors between subjects. Thefirst factor
was the amount of time the subjects were allowed to look at each
map. Two of the groups viewed maps for a limited amount of time
before making their decisions (the timed condition), and the other
two groups had as much time as they wanted to examine the maps
(the untimed condition).

Thesecond factor waswhether the subjects weregiven aspecific
goal; that is, whether they were explicitly instructed to choose the
optima " shortest™ route. This factor was included to demonstrate
that subjects could pick the optimal route even in the timed condi-
tions. Thisfinding would provide further evidence that the ISSwas
aheuristic that peoplerelied on when they werenot motivatedto de-
terminean optimal solution. Half of the subjectsin the timed con-
dition and half of the subjects in the untimed condition were as-
signed to the goal condition; the remaining subjects were assigned
to the nongoal condition. The crossing of the two factors resulted
inatotal of four conditions.

Inall of the conditions, the subjects saw each experimental map
twice, once with START near thetop of the screen and once with START
near the bottom. Thus, there were 8 experimental trials (two direc-
tionson each of 4 maps). In addition there were 24 filler maps, re-
sulting in 32 trials total. Each subject saw the 32 trials in a differ-
ent random order.

Procedure. All the subjects were told that they would be asked
to find a route between a "' start location™ and a "finish location."
They weretold that, on each map, therewoul d be threedistinct routes
from which they could choose: the one on the right, the one in the
middle, and theone on theleft. The subjects wereinstructed to press
separate keys corresponding to each of these three choices.

Each of the 32 trias began with a readyprompt, which signaled
subjectsthat anew trial wasabout to commence. Thisprompt stayed
on the screen until the subjects pressed a key to continue with the
trial. The second screen was the location prompt, which indicated
to subjects the approximate location of the origin building (either
START ON TOP OF START ON BOTTOM). The location of this prompt on
the screen depended on the location of the origin building on the
subsequent map (i.e., START ON Top appeared near the top of the
screen, and START ON BOTTOM appeared near the bottom of the
screen). Thelocation prompt appeared on the screen for 2,000 msec
and disappeared. The map was then displayed on the screen (for
750 msec in thetimed condition, and until subjects hit the spacebar
in the untimed condition). After the map disappeared, the subjects
were asked to respond by hitting a key corresponding to the route
they selected to go from starT to FINISH ("2 for the leftmost route,
"X for the center route, and "*c"* for the rightmost route).



ROUTE CHOICE HEURISTIC 313

CECCLELe

Figure 5. The four experimental maps used in Experiment 4. There werethree
possiblerouteson each map: theoptimal (shortest) route, theinitially straight route
(1S), and theinitially circuitous (IC) route. Notethat the latter two routesareiden-
tical, except that they wereflipped on the horizontal axis. Which of the two wasthe
ISroute(and which the I C route) wasdeter mined by theplacement of theorigin and

destination.

To help familiarize the subjects with the procedures, there were
4 practice trials. Prior to the practice trials, the subjects in the goal
condition were told: **One of three routes on each map is shorter
than the other two. Your god in this study isto attempt to choose the
shortest route on each map.” The mapsin the 4 practice trials were
similar to those used asfiller mapsin theactual experiment. At the
end of the 32 trials, the subjects were asked to answer a short ques-
tionnaire concerning their age, gender, handedness, and whether
they had seen the same map more than once.

Results

Table 1 shows the percentage of times the subjects se-
lected the IS, IC, and SHO routesin each of thefour con-
ditions (timed—-nongoal, untimed-nongoal, timed—goal,
and untimed-goal). To ascertain whether there were any
differences in performance between the four groups, we

conducted a2 (time) x 2 (goa) X 2(route choice) analy-
sis of variance (ANOVA), with percentage of 1S and
SHO responses as the dependent variables. Time (time
vs. untimed) and goal (goal vs. nongoal) were between-
subjects factors; route choice wasa within-subjects vari-
ablethat represented the difference between the percent-
agesof ISand SHO responses. We excluded 1C responses
from the ANOVA, because we were primarily interested
in the difference in response between a route consistent
with the ISS (the ISroute) versusthe SHO route. There-
sults were as follows.

Time. If the ISSisindeed a heuristic, subjects should
rely on it more when they are under a time constraint.
Thus, we predicted that the subjects would select the IS
route more often in the timed than in the untimed condi-
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Table 1
Per centage of Trialson Which Subjects Selected thelnitially
Straight (1S), Initially Circuitous(l C), and Shortest (SHO)
Routesin Each of the Four Conditionsin Experiment 4

Route Selected
Condition IS IC SHO
Timed-nongoal 37 2 41
Untimed-nongoa 8 10 83
Timed—god 17 17 66
Untimed-goal 1 1 88
All conditions 18 13 70

tion. This prediction was confirmed by a significant
interaction between route choice (the difference between
IS and SHO responses) and time [timed vs. untimed;
F(1,56) = 30.30, p < .05]. The subjects selected the IS
route more often in the timed conditions than in the un-
timed conditions (27% vs. 9%, respectively). They also
selected the SHO routeless often in thetimed thanin the
untimed conditions (53% vs. 85%, respectively).

Goal. In addition, we predicted that subjects are ca-
pable of selecting the SHO route, even under time con-
straints, when they are explicitly asked to do so. There-
sults confirmed the prediction that people could choose
the SHO route; there wasasignificantinteraction between
route choiceand goal [goal vs. nongoal; F(1,56) = 7.01,
p <.05]. The subjects selected the IS route more often in
the nongoal conditionsthan in the goal conditions (22%
vs. 14%, respectively). They selected the SHO routeless
often in the nongoal than in the goal conditions (62% vs.
T7%, respectively). In sum, when the subjects were ex-
plicitly askedto find the SHO route, they were ableto do
S0, even under the timed condition in which maps were
presented for 750 msec. This suggests that the ISSisin-
deed a heuristic that subjects can selectively employ.

Time X goal. Finaly, we found a significant inter-
action between the two between-subjects factors (time
and goal) and route choice [F(1,56) = p<.05].As
isshownin Table 1, the magnitude of theincreasein use
of the ISS when under a time constraint depended on
whether the subj ects were attempting to find the shortest
route. The subjectswere morelikely to select thelSroute
in the timed than in the untimed conditions. However,
thisdifference was much greater when the subjects were
given agoal (29% difference between the timed and the
untimed conditions) than when they were not givenagoa
(6% difference). In other words, the subjectsreliedon the
I SS most when they were placed under atime constraint
and when they were not explicitly asked to find the short-
est route.

Given that subjects can select the optimal route even
when presented with maps for only 750 msec (66% opti-
mal choicesin the timed-goal condition), our resultsare
quite striking. The subjects selected the IS route virtudly
asoftenastheoptimal route (37%vs. 41%) when not given
agod in the timed condition. In this experiment, we con-
trolled the length of the routes so that the IS and I C routes
were 50% longer than the SHO routes, yet we still found
asymmetries owing to subjectsforgoing the optimal route.

The results of the previousfour experimentsraisethe
question of whetherthey would generalize to mapsthat
people actualy useinthereal world. We thereforedecided
to conduct an additional experiment with lessstringently
controlled but more externally valid stimuli. In Experi-

ment 5, we asked subjectsto plan routes on real maps of
college campuses.

EXPERIMENT 5

The results of the first four experiments have shown
that peoplerely on the | SSwhen choosing routeson maps.
However, these maps were constructed specifically for
usein our experiments. Thisraisesthe question of whether
asymmetriesthat stem from the reliance on the ISS also
occur when peoplechoose routeson actual maps. Thisis
an important question, becauseon most of the mapsused
in the previous studies, the subjects faced only one or
two alternatives. In real route-planningsituations, people
may be forced to choose among multiple alternatives.

Therefore, we sought, in Experiment 5, to determine
whether the prior resultswould generalizeto actual maps
that people use in everyday route-planningtasks. We se-
lected campus maps from American universitieson the
basisof severa criteria(discussed bel ow). We chosetravel
situationsin which there were at | east two distinct routes
joiningtwo buildingsor areasand then asked the subjects
to choose routes between the two points. We predicted
that there would be path asymmetriesin planning routes
and that these asymmetries would result from the use of
the ISS heuristic.

Method

Subj ects. The subjects were 32 Northwestern University under-
graduates in an introductory psychology class, who participated to
earn partial experimental credit.

M aterials. We chose maps of campuses that met the following
criteria: First, there were two clear buildingsthat were joined by
two or more distinct paths. Second, there was limited access to the
paths; once atraveler chose apath, there were not many opportuni-
tiestoexit that specific path. Third, each of the two connecting routes
conformed to our depiction of an ISS route relative to one of the
buildings. In other words, one of the routes had along straight seg-
ment near one of the buildings, whereas the other route had along
straight segment near the other building.

We looked at 25 campus mapsin total. Each map was rated inde-
pendenden exverimenterson each of thethreecriteria. Thefive
mapsthat wererated highest in terms of meeting the criteriawere se-
lectedto bethe experimental maps. Thefivemavsthat wererated low-
estintermsof meetingthe criteria wereselected to be thefiller maps.

Figure 6 shows one of the experimental maps (University of
Massachusetts at Amherst). The routesin question concern theloop
existing between two buildings, one at the intersection of Com-
monwealth Ave. and Massachusetts Ave. (point A) and one at the
intersection of Governor's Drive and N. Pleasant St. (point B). The
subjects in the experiment were asked to find a route between points
A and B, half thetime with A asthe origin and half the time with B
asthe origin. Notice, in Figure 6, two potential routes between A
and B, thefirst involving Commonwealth Ave. and Governor's Drive
(Route 1, 20.96cm in length), and the other involving N. Pleasant
St. and Massachusetts Ave. (Route 2, 22.71cm). The route that we
predicted the subjects would select depends on whether A or B is
the origin.



Design. Each subject saw a packet of 20 maps, organized into
two blocks. In the first block, the subjects saw al 5 experimental
maps, along with the 5 filler maps. For each map, we denoted the
origin with a sticker showing the letter "S" while we denoted the
destination with the letter "F" The order of the fillers and the ex-
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perimental maps was randomized. In the second block, the subjects
saw thesame 5 experimental maps; however, theorigin and thedes-
tination buildings werereversed. We designed thefiller mapstodi r
guise the goal of the experiment. On these maps, the origins and
destinations were denoted with entirely separate buildings than
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Figure6. Theactual Amherst map used in Experiment 5. Thetop of the pageisnorth.
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those in the first block. The ordering of the maps was the same in
both blocks. The procedurewasidentical tothat usedin thefirst three
experiments.

Results

The dependent variablewasthe percentageof timesthe
subjectssel ectedthe predicted | SSroute, as opposed to any
other route available. Over all experimental trias, the sub-
jectsselected the I SS route 56% of thetime. We wanted to
compare this level of responding with what would be ex-
pected by chance aone. We therefore estimated the per-
centageof chanceresponding by askinga separategroup of
10 subjects to count the number of "' reasonable routes that
atraveler might take" between Points A and B on each of
the five experimental maps. Chance was cal culated by di-
viding 100% by the mean number of routes proposed for
each map. For example, if there were five possibleroutes
between Points A and B, chance respondingfor each route
on that map would be 20%. The mean level of chance re-
sponding for the five experimental maps was 30%. The
56% level of responsefor | SS-consistent routeswasgreater
thanthis30% leve of chancewhen choiceswerecomputed
across subjects [t(31) = 13.231 and for individual map
items [t(4) = 2.95, bothps < .05].

Table 2 shows the route choices made by the subjects
on each of the five experimental mapsand also the chance
level of responding for each map. The percentagesindi-
cate the proportion of subjects who selected the | SSroute
inthat particular condition. Remember that, on each map,
the subjectswereasked tofind two routes: oncegoingfrom
Point A to Point B, and once goingfrom Point B to Point A.
In Table 2, we arbitrarily classified the routes chosen on
these two routes by the general direction of theroute: ei-
ther traveling north or east (N/E) or south or west (S/'W).
Note that, on each of the five experimental maps, the
subjects selected the 1SS-consistent route overall more
often than they would by chance alone.

Examining the results for the experimental mapsindi-
vidually highlights the effects of straight initial segments
on route preferences. Consider, for example, therouteson
the Amherst map shown in Figure 6. When heading from
Point A to B, Route 1 (Commonwealth Ave. to Governor's
Drive) providesamoreinitially attractive route as per our
ISS heuristic: Commonwealth Ave. islong and straight
and heads in the general direction (north) of the destina-
tion. On the other hand, Route 2 (Massachusetts Ave. to
N. Pleasant St.) isless attractive, becausetheinitia head-

Table2
Per centage of Route ChoicesConsistent With Use of the
Initial Segment Strategy and Estimated Per centage of
ChanceResponding Across Subjectsfor Each Route
on theFiveDifferent CampusMapsin Experiment 5

Direction
Map N/E SIW Mean Chance
Clemson 85 41 63 21
Hartford 48 53 51 48
Alabama 33 83 58 21
Adelphi 60 33 47 32
Amherst 56 66 61 48

ing issouth, which isin the opposite direction to the des-
tination. These predictions were confirmed by our data;
the subjects heading from A to B selected Route 1 over
Route 2 by a two-to-one margin (66% vs. 34%). When
heading from Point B to A, the attractiveness of the po-
tential routesisreversed. Route 2 becomesthe preferred
route, because it isinitialy long and straight and heads
south, inthe genera direction of the destination. Route 1,
on the other hand, heads west for a bit and then entersa
turn where the subjects have to go north, in the opposite
direction to the destination. In this case, the subjects se-
lected Route 2 over Route 1 (56% vs. 44%). Overdl, the
subjects selected our predicted | SSroute 61% of thetime
for this particular map (chance responding = 48%).

The previousexampleinvolved routesof similar length.
The ISS effect is particularly striking when we examine
maps on which there was a choice between a route that
was clearly shorter versus an aternative that was more
IS. Intwo cases (Clemson and Alabama), therewasasin-
gle route that was overwhelmingly preferred by the sub-
jectsin either direction. However, the proportion of the
subjectswho chosethelessoptimal aternativevaried sig-
nificantly asafunction of whichdirection the subject was
traveling in, as would be predicted by the ISS heuristic.

As an example, consider the schematized version of
the Clemson campus map that shows the two I SS routes
(see Figure 7). Notice that, between PointsA and B, there
areanumber of possibleroutes. Thetwo wewere primar-
ily interestedin were Fort Hill St.—CahounDrive(Route1)
and Williamson Rd.-Rte. 93 (Route2). Route1isthemore
optimal alternative, since it is 20% shorter than Route 2
(7.47 cmvs. 8.89cm). It isalso the | SSroutewhen travel -
ing from Building A to Building B. On the other hand,
Route 2, although longer, isinitially more straight when
travelingfrom B to A, since Calhoun Driveinitially heads
away from the destination. This was reflected in our re-
sults. Although, Route 1 was chosen almost 70% of the
time overall, it was chosen 85% of the time when it was
the I SSroute from Point A to B and only 54% of thetime
when it was not the ISS route (from B to A). Likewise,
Route 2 was chosen 41% of the time when it wasthe 1SS
route and only 12% of the time when it was not (chance
responding = 21%).

In summary, Experiment 5 demonstrated that subjects
made asymmetric route choices when planning routes on
campus maps. Furthermore, these asymmetries appear
to stem from the use of the I SS, subjects tended to choose
routesthat wereinitialy straight. Consequently, wewere
ableto predict asymmetries, even when therewasastrong
preferencefor asingle route. These results are especially
compelling sincethe stimuli were actual maps. Thus, the
previousresults, which were obtained with artificial maps,
do seem to generalize to the kinds of maps that people
usein everyday route planning.

GENERAL DISCUSSION

The results demonstrate clearly that asymmetries in
route selection occur reliably and acrossavariety of con-
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Figure7. A schematized version of the Clemson map from Ex-
periment 5. Thetop of the pageisnorth.

texts. In the present research, we have identified asym-
metriesin routesel ectionfor different typesof maps; pre-
vious research has demonstrated the effect in pedestrian
navigation across a college campus (Shum et al., 1998).
The resultsthus show that asymmetriesin route selection
occur bothin thereal world and in experimental contexts.
Our findings al so suggest that the occurrence of asym-
metries can be reliably predicted. The present results
support the claim that asymmetries stem from a general
heuristic regarding how people make route decisions.
Specifically, people have clear preferencesregardingthe
characteristics of initial route segments that influence
their decisions, and the preferred initial route segment
will often be different when traveling in one direction
than when travelingin the oppositedirection. Put smply,
people's choices are asymmetric because they are overly
influenced by characteristics of the initial portions of
routes. The present results help to delineate the condi-
tions under which people rely on this heuristic.
Experiment 1 demongtrated that subjects prefer to travel
on astraight route more often than on aroute with turns,
even when thetwo routesare equal in length. Experiments
2 and 3 showed that this preference for straight routesis
most pronounced in theinitial segment of theroute. In Ex-
periment 2, people attended to the straightnessof a route
more often when the straight portion was at the beginning
of theroute. Thesubjectschosedifferent routeswhen they
traveledin opposite directionsbetween Point A and Point
B when the initial segments of the routes were differen-
tialy straight. In Experiment 3, we manipulated the sub-
jects' attentionto theinitial portion of routesby imposing
region boundarieson the maps. We were able to shift peo-
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ples route choices by placing region boundaries so that
routes either included or excluded turnsin theinitial re-
gion, although the actual characteristics of the possible
routesthemsel ves remained unchanged.

The results of Experiments4 and 5 help to refine our
explanation of when and why peoplerely onthelSS. The
subjects used the | SS more often when they were under
high cognitive load (Experiment 4) and when choosing
routes on real, geographic maps of college campuses
(Experiment 5). In Experiment 4, we increased the sub-
jects menta load by imposing time constraints while
they examinedthe maps. The subjectsrelied moreon the
ISS when mental 1oad was high than when it was rela-
tively low. However, we showed that subjects could dis-
regard the heuristic and choose the optimal route (even
under atime constraint) when they were motivatedto do
s0. In Experiment 5, we extended the findingsof the other
studies by demonstrating that the subjects used the ISS
when choosing routeson real mapsof college campuses.

Our results are similar to those of other studies that
have found that the use of heuristicsin problem solving
can lead to asymmetriesor systematic biases. Although
heuristics such as the ISS can lead to inaccuracies or
asymmetries, they can a so help to reduce the amount of
information that must be processed to make a decision
(Hogarth, 198 1; Kleinmuntz & Kleinmuntz, 1981). The
ISS leadsto predictableasymmetriesthat might be con-
sidered nonoptimal in terms of minimizing travel dis-
tance or time. However, in many cases, one would expect
the heuristic to lead to reasonably quick routes with sig-
nificantly lesscognitiveeffort than would berequired to
do an exhaustive search for the optimal route.

Our results, therefore, are consistent with the more
general notion that asymmetries or distortionsin spatial
judgments do not necessarily reflect limitations in the
processing or representation of spatial information. We
found that people strongly prefer to select aroutethat is
IS. even if thereisashorter alternative. At the sametime.
however, we demonstrated that people could reliably
choose the shortest route when they were instructed to
do so (Experiment 4). Perhaps, in many situations, the
time that would be needed to plan the route may negate
the advantage that would be gained in travel time. The
ISS may in fact be the best compromise between time
needed to planan optimal routeand the extratimerequired
to travel a less-than-optimal route. Other researchers
have reached similar conclusions regarding, for exam-
ple, distortions and asymmetries in distance judgments
(McNamara& Diwadkar, 1997; Newcombeet al., 1996).

Our resultsraisethe question of whether reliance on the
ISS stems from perceptual factors. Does a route with an
initialy straight segment actually appear shorter than other
routes?We believe, for two reasons, that the | SSrepresents
apreferencefor theinitialy straighter route and not a per-
ceptua biasto seestraight routesasshorter than circuitous
routes. First, as was mentioned above, we demonstratedin
Experiment 4 that people could put aside the ISS and
choosetheshortest route, even under cognitiveload, when
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they wereinstructed to do so. That peopleare able to dis-
regard the 1SS when motivated suggests that the initialy
straight route does not necessarily appear to be shorter.

Second, we have conducted additional pilot studiesto
assess subjects perceptua judgments of the lengths of
the routes. In this research, we asked subjectsto ratethe
lengthsof the IS, IC, and SHO routesthat we used in Ex-
periment 4. Subjects consistently rated the SHO route as
shorter than the other two, but most important, they rated
the IC and I Sroutes as similar in length, even when the
two were presented briefly (750 msec). Taken together,
these results support the claim that perceptual factors
alone are unlikely to explain peoplée's relianceon the I SS.

We suggest instead that the | SS may reflect the process
by which people go about planning routesin rea-world
contexts. In an attempt to reduce cognitiveeffort, subjects
may actually infer that a route beginning with a straight
segment is shorter than a route that does not. According
to this explanation, people may compare only the initial
segmentsof competing routesand generalizethe charac-
teristicsof thoseinitial segmentsto therest of theroutes.
In this sense, the effect is more psychological than per-
ceptual; peopledo not actually perceiveinitialy straight
routesas being shorter but may think that they should be.

In addition, the process of route choice may beincre-
mental, in that rather than plan the shortest or most op-
timal route between two locations, people may, instead,
break down the task of traveling between two locations
into a series of step-by-step decisions. They may follow
a particular ssgment until a decision must be made, usu-
aly at aturnor ajuncture (Christenfeld, 1995). This pos-
sibility isconsistent with previouswork (Bailensonet al.,
1998; Downset al., 1988; Sadallaet al., 1980) that has
shown that, when traveling in cluttered, complex areas,
people tend to plan routes on a region-by-region basis.
Most of the time, the route within each region with the
straightestinitial segment at each juncturewill also bethe
shortest segment as well, although, as we have demon-
strated here, thisis not alwaystrue.

In sum, the present work offers a new explanationfor
aseemingly counterintuitivefinding: People often select
different routes, depending on the direction of travel. We
were able to account for these asymmetries in terms of
the general cognitiveprinciplethat peoplerely on heuris-
tics to minimize cognitive effort. Route planning, like
many other cognitivetasks, can be difficult and time con-
suming. Heuristicssuch asthe | SSgive usaway to make
reasonable guesses without expending the effort needed
to find an optimal solution.
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NOTES
1. On all five experiments discussed in this paper, there were no ef-

fects of gender or handedness. Consequently, we will not discuss these
factors.
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