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Abstract

Wayfindingis abasic adivity that people do throughou their entire lives as they navigate from one place
to another. Many theories of spatial cogntion have been developed to acount for this behavior;
however, most of the computational models focus on knovledge representation (e.g., cogritive maps)
and do no consider the processof how people structure wayfinding tasks and space This paper presents
a omputational method to compare the complexity of wayfinding tasks in bult environments. As a
measure for such complexity we use asimple wayfinding model that consists of two criticd elements:
choices and clues. We show that elements of people’s perception and cognition can be used to determine
the dements of the wayfinding model and, therefore, to compare the complexity of wayfinding tasks in
built environments. A case study d wayfinding in airports demonstrates the gplicability of the method.
The integration d this method into the computational design processof built environments will help to
identify architecural problems with regard to wayfinding grior to construction.



1 I ntroduction

People do wayfinding throughou their entire lives. They navigate from placeto place relying on
knowledge that is mediated by structures and categories of understanding people’s daily experiences in
the spacethey live (Johrson 1987. Wayfinding is a natural skill that people lean as snall children
(Piaget and Inhelder 1967 and develop as they grow up. It takes placein many dff erent situations, such
asdrivingaadossa wurtry, walkingin a dty, or moving througha building (Gluck 1991). In all of these
situations people have one thingin common: they use common-sense knowledge of geographic space

Over the last few yeas, reseach on human wayfinding has mainly dedt with the
exploration d cogritive representations or what Norman (1988 cadls “knowledge in the head.” At the
same time, little dtention hes been paid to “knowledge in the world,” such as the processes of
wayfinding (e.g., the information reeds) (Gluck 1991 and the design d spatial environments (Arthur
and Pasgni 1992. Norman argues that people do nd neeal to have dl knowledge in the head in order to
behave predsely. Knowledge can be distributed—partly in the head, partly in the world, and partly in the
constraints of the world. Norman further states that much o the information people need to perform a
task isin the world and that the human mind s perfedly tail ored to make sense of this world. Piaget and
Inhelder (1967 have long since agued that spatial behavior and spatial representations are very
different. They distinguished between practical space (i.e., ading in space and conceptual space (i.e.,
representing space. To design bult environments that are eay to navigate it is necessary to understand
how people immediately make sense of spatial situations whil e performing a wayfinding task. Our work
focuses on properties of the eavironments (i.e., “knowledge in the world") as perceived and cogrized by
people. Therefore, it deds primarily with the exploration o pradicd space & defined by Piaget and
Inhelder. It isimportant to investigate people’s perceptual and cognitive structures in order to be aleto
model them in future spatial information and design systems. These systems can then be used to simulate
red-world applicaions, such as wayfinding tasks, in a wmgnitively plausible way, becaise they integrate
human spatial concepts.

In this paper we present a computational method to compare the complexity of wayfinding
tasks in bult environments. The method is built upona simple wayfinding model that consists of two
critica elements: choices and clues. We show that these dements can be determined by wing elements
of peopl€’s perception and cogrition. Johnson (1987) propaosed that people use so-cdl ed image schemata
to uncerstand the world in which they live. Image schemata ae reaurring mental patterns that help
people to structure space so that they know what to do with it. These patterns are highly structured
themselves and gounded in people’s experiences. Image-schematic reasoning is qudlitative in nature,
thereby focusing onthe esentia aspeds and suppating commorntsense reasoning. It often relates to
topdogicd information and avoids the use of absolute values, such as the exad paosition d an entrance



within a oordinate system. Image schemata fit into the cdegory of alternative @nceptualizations or
cogritive model s of space—models that are built upon people’ s experiences with their environment.

This work is at the core of Naive Geography (Egenhder and Mark 1995 which promotes
the development of formal models of geographic spacethat match closely with human cogrition. It
targets red-world environments and, therefore, complements other studies that focus on simulations of
spaces in geographic information systems (Freundschuh and Egenhder 1997. To demonstrate the
applicability of our method we gply it to wayfinding in airports—a spedal case of moving througha
building. Passengers at an airport have to find their ways from chedk-in courters to gates, from gates to
the baggage daim areag and ketween gates. They are often in a hurry and canna afford to get lost. This
can be adifficult task, because many airports are poaly designed, have poa signage, and are densely
crowded. Also, many passengers are unfamiliar with the particular space ad fast motion, which pus
them in stresdul situations. Finally, airport designers have to cope with providing architedural guidance
in emergency situations uch as fires. Making wayfinding easier for passengers at an airport requires to
design airport spacein such away that it fadlit ates people’s dructuring processes of tasks. The propaosed
method takes into ac@urt how people understand space Its implementation shoud lead to computer
systems that test airport space ad aher built environments in the design phase for complexity of
particular wayfinding tasks people have to perform.

Our method d comparing the complexity of wayfindingin bult environments contributes to
the question d how people immediately understand and wse their spatial environment. This is diff erent
from explaining hav the environment is leant. Even with a perfed cogritive map, people still have to
make sense of spatial objeds they perceive so that they know what to dowith them. In this snse our
approach forms a necessary suppement within the aea of environmental interadion to the ideaof a
cognitive map and aher wayfinding principles.

In Sedion 2we review wayfinding reseach, dscussempiricd studies of how people find
their ways in bult environments, and address computational wayfinding models. Sedion 3introduces a
simple wayfinding model for built environments. It explains the structure ad the aitica elements of the
moddl. In Sedion 4 we demonstrate how elements of people's perception and cogrition (i.e., image
schemata) can be used to determine the aiticd elements of the wayfinding model. An applicaion d the
method to compare the wmplexity of a cmmmon wayfinding task in two dfferent airports is siown in
Sedion 5.Sedion 6 gesents conclusions and suggests diredions for future work.

2 Wayfinding research

Finding ore's way in a built environment relies on a variety of elements. In this dion we review
human wayfinding reseach, empiricd studies of how people find their ways in dfferent large-scde
spaces, and computational wayfinding models.



2.1 Human wayfinding

Human wayfinding research investigates the processes that take placewhen people orient themselves and
navigate through space Theories try to explain hov people find their ways in the physicd world, what
people ned to find their ways, how they communicae diredions, and hov people’s verbal and visua
abiliti es influence wayfinding. Lynch (1960 p.3 defines wayfinding as based on“a consistent use and
organizeion d definite sensory cues from the external environment.” The ultimate goal of human
wayfinding is to find the way from one placeto anather. The spacein which human wayfinding wually
takes placeis cdled large-scade space(Kuipers 1978. Objeds canna be moved because they are larger
than people, therefore, people have to navigate throughlarge-scae spaceto learn abou it. Examples for
large-scde spaces are landscapes, cities, and houses.

2.1.1 Spdial knowledge andcogrition

People nead to have spatial knowledge and various cogntive &abiliti es to succeal in wayfinding (e.g.,
following a path). Human spatial knowledge of geographic spaceis assumed to consist of threelevels
(Siegel and White 1979: (1) landmark knowledge comprises slient points of reference in the
environment, (2) route knowledge puts landmarks into a sequence (e.g., revigation paths), and (3) survey
or configurationa knowledge allows people to locae landmarks and routes within a general frame of
reference (i.e., incorporating Euclidean measurements). The agnitive abiliti es depend onthe task at
hand. Finding ore's way in a stred network (Timpf et al. 1992, Car 1996 uses a different set of
cogntive &biliti es than navigating from one room to ancther in a building (Gérling et al. 1983,Moeser
1989. People ae usually goodin applying their individual skill sto the task at hand: if their spatial skill s
arewek, they use verbal skill sto navigate, and viceversa (Vanetti and Allen 198§.

2.1.2 Cogntivemaps

People use dues within their environments (i.e., knavledge in the world) and/or representations of
spatial knowledge @ou their environment to succesdully perform wayfinding. One useful metaphar
suggests that people have acogntive map in their heads (Kuipers 1982—a mental representation that
corresponds to people’s perceptions of the red world. Other metaphass, such as cogntive ollage
(Tversky 1993 or cogntive dlas (Hirtle 1998 have dso been proposed. Considering the process of
aqquiring spatial knowledge of an environment, the agritive map develops from a mental landmark map
to amental route map and shoud eventually result in a mental survey map. The last stage is closest to a
cartographic map, thoughit still contains inacarades and dstortions. People construct and develop their
cogntive maps based on the recrding d information through prception, retural language, and
inferences. Complex environmental structures can leal to slower development of cogntive maps and
also to representational inacarades.

Reseachers from various disciplines have thorougHy investigated the role cogntive maps
play in spatial behavior, spatial problem solving, aqquisition, and leaning (Kitchin 1994. Kitchin
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(1996, for example, developed an integrative conceptual schema by drawing together theories abou the
knowledge's content, structure, and form of the cognitive map, the leaning strategies used to aajuire
such knowledge, and the processes of spatia though. These theories were combined with basic
transadional theory to produce adetail ed schema of spatial though and behavior. Much less however,
has been found ou abou how people immediately understand dfferent spatial situations while
performing a wayfinding task. Gluck (1991 paints out this lad of information byarguing that previous
work on wayfinding concentrated on the description d the mgritive map and regleded affedive and
logisticd concerns in most of the caes. As an dternative gproach Gluck suggests to explore the
information reeds. He further envisions a typoogy o wayfinding scenarios and propaoses the use of the
sense-making investigation method “‘ Sense-making' is a aeaive human process of understanding the
world at a particular paint in time and spacelimited by ou physiologicd cgpadties, our present, past and
future.” (Gluck 1991 p.12% The idea behind the sense-making method is to look at the wayfinding
processitself instead of looking at the representation.

2.2 Human wayfinding performance

The literature on performance discusses empiricd results of how people find their ways. Investigations
are based on colleding individuals' perceptions of distances, angles, or locaions. An example for a
typicd experiment is the pairwise judgment of distance between pdnts. Such experiments help in
describing feaures of the cognitive map.

Kevin Lynch’'s (1960 The Image of the City is regarded as the foundition for human
wayfinding research. His goal was to develop a method for the evaluation o city form based on the
concept of imageabhility (i.e., “that quality in a physicd objed which gves it a high probability of
evoking a strongimage in any gven olserver” (Lynch 1960 p.9) andto dffer principles for city design.
Based on hisinvestigations Lynch divided the contents of the dty images into paths, edges (boundxries),
regions, noces, and landmarks. These dements were described as the building Hocks in the process of
making firm, differentiated structures at the urban scde and have been the basis for later reseach on
wayfinding.

Weisman (1981 identified four classes of environmental variables that influence
wayfinding performance within built environments: (1) visual access (2) the degree of architecural
differentiation, (3) the use of signs and room numbers to provide identificaion a dirediona
information, and (4) plan configuration. His results were wnfirmed by aher reseachers. In Gérling et
al.’s (1983 study d orientation in a large university department visual access was regarded as an
important fador, becaise wayfinding performance of subjeds with restricted sight improved less over
time. The impad of orientation tods like floor plans was aso investigated. The performance of subjeds
with restricted sight using floor plans improved as fast as that of subjeds with norestricted sight, floor
plans, therefore, counterad the negative dfed. In ancther study Gérling et al. (1986 propaosed to
clasgfy the environment by examining the degreeof diff erentiation, the degreeof visual access and the

5



complexity of spatia layout. The influence of floor plan complexity on bdh cogntive mapping and
wayfinding performance and the eistence of an interadion ketween floor plan complexity and the
quality of signage was demonstrated in two studies by O’'Neill (19913, 19910). His results sowed that
an increase in floor plan complexity leads to a deaease in wayfinding performance The presence of
sighage was an important fador but could na compensate for floor plan complexity. Seidel’s (1982
study at the Dallas/Fort Worth Airport confirmed that the spatial structure of the physicd environment
has a strong influence on people's wayfinding behavior. For passengers arriving at the gate with drea
visual accessto the baggage daim, wayfinding was easier. In addition to Weisman’'s four classes of
environmental variables, people' s familiarity with the ewvironment also has a big impaa on wayfinding
performance frequency of prior use had a big fadlit ating effed in uriversity buldings (Gérling et al.
1983 as well as in airports (Seidel 1982). Cornell et al. (1999 tested people’s acarragy of place
recogrition and wsed the results to develop amodel of wayfinding.

Reseach on pople’ s wayfinding performance has been particularly helpful for establishing
pradica guidelines on hav to design pullic buildings to fadlit ate wayfinding. Architeds an to have
come to the cnclusion that fadlitating people’ s wayfinding reeds more than puting upsigns, becaise
most of the time signage caana overcome achitedural failures (Arthur and Passni 1992. Therefore,
wayfinding pinciples have to be mnsidered duing the design process—bath for the overall spatial
structure and for the formgiving feaures. Some guidelines (Arthur and Passni 1992, 199)—despite
focusing onthe design and dacament of signage—highly stressthe importance of architedural feaures.
In “1-2-3 Evaluation and Design Guide to Wayfinding” Arthur and Passni (1990 pA-1) introduce the
term environmental comnunication (i.e., “transfer of orientation, wayfinding (diredion), and aher
information within the built environment by means of signs and aher communicaions devices or
architedural feaures to enable people to read destinations’), arguing that the built environment and its
parts dodd function as a ommunicaion device Arthur and Passgni mention two major aspeds
regarding the understanding d buildings: (1) a spatial asped that refers to the total dimensions of the
building (e.g., walls enclose space ad elements duch as an interior atrium breg it up) and (2) a
sequential one that considers a building in terms of its destination routes. Destination routes $oud
eventually lead to so-cdled destination zones. These ae groupings of similar destinations within
buildings into clealy identifiable zones (Arthur and Passni 1992. In order to fadlit ate wayfinding to
such destination zones the drculation system shoud be of a form people ca easily understand. It is
further suggested that fewer dedsion pants on any route and redundancy in wayfinding information are
also fadlit ating eff eds.

2.3 Computer models for wayfinding

Cognitively based computer models generally simulate awayfinder that can solve route-planning tasks
with the help of a cognitive-map-like representation. The focus of these modelsisto find ot how spatial
knowledgeis gored and used, and what cogritive processes operate uponit.
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The TOUR moddl is considered the starting pant for a computational theory of wayfinding
(Kuipers 1978. It is a model of spatial knowledge whaose spatial concepts are based mainly on
observations by Lynch (1960 and Piaget and Inhelder (1967). With the TOUR model Kuipers smulates
leaning and problem solving while traveling in a large-scde urban environment. His main focus of
attention is the @gritive map in which knowvledge is divided into five cdegories: (1) routes, (2)
topdogicd stred network, (3) relative position o two paces, (4) dividing boundries, and (5) containing
regions. This knowledge is represented through environmental descriptions, current pasitions, and
inference rules that manipulate them. Because TOUR copes with incomplete spatial knowledge of the
environment, it leans abou it by assmilation o observations into the given structure. A subsequent
application to the TOUR model utili zes an approach to roba leaning based ona hierarchy of types of
knowledge of therobd’s enses, adions, and spatial environment (Kuiperset al. 1993.

Several other cogntively based computer models, such as TRAVELLER (Leiser and
Zilbershatz 1989, SPAM (McDermott and Davis 1984, and ELMER (McCalla et al. 1982, simulate
leaning and problem solving in spatial networks. NAVIGATOR (Gopal et al. 1989 integrates concepts
from both cognitive psychoaogy and artificial intelligence It represents basic comporents of human
information processng, such as filtering, seleding, and forgetting. In this model, two views of a
sububan environment—an oljedive and a subjedive (i.e., cogritive) one—are @mmplemented by
cogritive processes relating to spatia learning and ravigation. The agritive map is modeled througha
hierarchicd network consisting d nodes, links, subnods, and sublinks (i.e., neurologicdly based
information rocessng).

The focus of these computer models lies primarily in the aeaion and exploration d the
cogrnitive map; however, by regleding the processes of how people asdgn meaning to their spatial
environments as they navigate throughthem, these models fail to incorporate comporents of common-
sense knowledge. Golledge (1992 mentions the posgbility of spatial knowledge nat being well
described by existing theories or models of leaning and undrstanding and, therefore, cdls for more
reseach on human understanding and wse of space

3 A wayfinding model for built environments

To compare the mmplexity of wayfinding tasks in bult environments we use asimple wayfinding model
that considers two criticd elements: choices and clues; therefore, this model is cdled the choice-clue
wayfinding model.

3.1 Choices

Choices relate diredly to dedsion pantsin wayfinding. They are most apparent whenever a person hes
the oppatunity to seled among dfferent paths. The use of choices as one measure for the cmplexity of
wayfinding tasks in bult environments is motivated by the fad that choices have abig impad on



wayfinding complexity. The number of dedsion pants diredly influences the difficulty of performing a
wayfinding task (Arthur and Passni 1992. We distingush between pdnts where subjeds have one
obvious chaice to continue the wayfinding task and padnts where subjeds have more than ore choiceto
continue the wayfinding task. Points with “choice = 1" are cdled enforced dedsion pants, while points
with “choices > 1" are cdled dedsion pants.

3.2 Clues

People use dues to make wayfinding dedsions (i.e., hov to procead from viewpaoints). Clues are
properties of the built environment, such as sgns and architedural feaures, and relate diredly to
Norman's (1988 “knowledge in the world.” In ou wayfinding model we use dues as the second
measure for the mmplexity of wayfinding tasks in built environments. We distinguish between exsting
(i.e., “clues’) and nonexsting clues (i.e., “no clues’). Existing clues are divided into good clues (i.e.,
complete dues that enable people to dedde @ou the crred cortinuation d their path) and poa clues
(i.e., incomplete or misleading clues that do nd enable peopleto dedde aou the wrred continuation o
their path).

3.3 Combinations of choices and clues

The Cartesian product of the two types of choices (i.e., ore dhoice vs. more than ore choice) and three

types of clues (i.e., good, pog and nore) identifies gx situations in a wayfinding scenario. The choices

define the wlumns of the wayfinding model, whil e the dues define the rows (Figure 1). Each o the six

situations represents a diff erent level of complexity.

° Choice= 1 and goodclue(s): At an enforced dedsion pant people ae forced to continue in ore
diredion. Good clues confirm that people ae ontheright tradk. Therefore, wayfinding is essy at

these paints.

° Choice = 1 and poa clue(s): Even thoughthere is only one way to proceal, people might
hesitate to foll ow the way becaise poa clues do nd ressaure them that they are still onthe right
track.

° Choice= 1 and noclue(s): Again, people might hesitate to foll ow the way because they have no

confirmation d being onthe right trad.

° Choices > 1 and goodclue(s): At dedsion pants people nead goodclues to chocse the mrred
path. If clues are complete, easy to read, and easy to understand, wayfinding at those points is
ea®y.

° Choices > 1 and poo clue(s): Dedsion pants with incomplete or misleading clues pose
wayfinding problems for people.

° Choices > 1 and no clue(s): Dedsion pants withou any clues form the worst scenario for
wayfinding. At such pdnts people aelost.



<Figure 1>

After evaluating the six criteria of the dhoice-clue wayfinding model for eat viewpoint,
points in the two problem aress—i.e., choices > 1 and no clues or poa clues—are @urted. When
comparing a wayfinding task within two bult environments with this model, the spacewith the higher
rating d points within problem areas is considered more awmplex for wayfinding.

4 The use of mental patternsto deter mine choices and clues

The aiticd elements of the wayfinding model (i.e., the choices and clues) have to be determined in order
to compare the complexity of wayfinding tasks in built environments. This can be dore by looking at
perceptual and cogritive amncepts people use to structure and undkrstand space Johrson (1987 propaoses
that people use reaurring, imaginative patterns—so-cdled image schemata—to comprehend and
structure their experiences while moving through and interading with their environment. The PATH
schema, for example, represents movement and is, therefore, important for wayfinding. It is gructured
througha starting pant, an endpadnt, and a conredion ketween these points and wsed whenever people
move from one point to ancther. In order to establish dredional and aientational spatial context—an
egocentric reference frame which is based on people’ s bodes vs. an allocentric reference frame that is
based onfeaures of the environment (Levinson 1996 Kuhnand Blumenthal 1996—people superimpose
orientationd image schemata upon general image schemata.

Image schemata ae suppased to be pervasive, well-defined, and full of sufficient internal
structure to constrain people’ s understanding and reasoning. They are more adstrad than mental pictures,
because they can essntialy be reduced to topdogy, and less abstrad than logicd structures, because
they are constantly operating in people’s minds while people ae eperiencing the world (Kuhn and
Frank 199]). An image schema can, therefore, be seen as a very generic, maybe universal, and abstrad
structure that helps people to establish a cnnedion between dfferent experiences that have this same
reaurring structure in common.

Image schemata can be deduced from natural-language expressons describing geographic
situations. The image schema that has been in the spe&er’s mind while making a statement can be
inferred from the preposition wsed (Mark and Frank 1996,Freundschuh and Sharma 1996. For instance,
the Engdlish-language prepaosition “in” relates to the CONTAINER schema, whereas “on’ describes
situations related to the SURFACE schema (Mark 1989. The systematic analysis of the transcripts has
the goal to extrad the image schemata that people use to make sense of their environment while
performing a wayfinding task. Some of the image schemata occur via metaphaicd projedions to
describe nontspatial situations.



4.1 Extradion d image schemata from interviews

There has been the common view in artificial intelligence that expert knowledge can be much easier
extraded than common-sense knowledge. Hayes (1989 on the other hand, states that basic intuitions are
nea the surface ad relatively accessble by introspedive interviewing. Such transcripts may be obtained
either throughan adual tour of the tested spaceor throughsimulations. Goldin (1982 compared adual
and simulated information as alternative sources of environmental information and concluded that under
some @ndtions, for instance, when the goal is to convey perceptual details, a film or slide presentation
may provide & much detail as a live tour through the environment. Allen (1978 suggested that a
“presentation d slides sparated by spatial intervals may closely parale typicd visual experience in
large-scde environments’ and wsed such procedure to assss the relationship between people’s visua
perception and spatial representation d an wrban environment. Ancther experiment utili zed slides for
route smulationto prove the navigational aid of landmarks on stre¢ maps (Degin 199§.

We etrad image schemata from interviews in which we record anticipated behavior of
people interading with a given environment. During the interviews people describe their spatial
experiences as they imagine performing a wayfinding task in the built environment. For the subsequent
comparison d the extraded image schemata we use a semi-formal representation in the form of
predicaes in which the predicae name refers to the image schema and the aguments refer to the
objed(s) that are invalved in the image schema (Equation 1a). Arguments can also be image-schematic
structures themselves (Equation 1. Sequences of predicaes represent sequences of image schemata &
people observed and used them.

IMAGESCHEMA_X (argument_x1, ...,argument_xn) (1a)
IMAGESCHEMA_Y (argument_y1,IMAGESCHEMA_Z (argument_z1, ...,argument_zn),
..., argument_yn) (1b)
<Table 1>

Table 1 shows for ead image schema an example of the mapping from a natural-language
description orto the predicate representation. The formalism provides a sufficiently standardized
structure to deted the aiticd elements and to compare diff erent descriptions, however, it is not used to
perform automated deductions as in predicate cdculus or a Prolog programming environment. To
distinguish between dfferent contexts, we use symbals in combination with image schemata.

?IMAGESCHEMA = Looking for a spedfic image schema.
° ?LINK (I, sign): “I'm looking for asign.”
° ?PATH (1, gateC57): “I'm heading for gate C57.

IMAGESCHEMA? = Not sure dbou a spedfic image schema.
° IN_CONTAINER (I, “C")2 “I'mnot sureif 'min‘C'.”
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NOT IMAGESCHEMA = Spedfic image schema does naot exist.
° NOT LINK (I, letters): “I can't read the letters.”
° NOT MATCHING (my gate, “A”): “Gate A is not my gate.”

4.2 Extradion d choices and clues from image-schematic representations

To use the choice-clue wayfinding model for comparing the wmplexity of wayfinding tasks in built
environments, the mmbinations of choices and clues must be evaluated for every viewpoint of the
wayfinding task in the built environment. The image-schemata sequences extraded from the natural-
languege descriptions form the basis for this analysis.

Image schemata ae used to dedde whether a viewpaoint isadedsion pant (i.e., choices >1)
or an enforced dedsion pant (i.e., choice = 1) by courting the different PATH schemata. A viewpoint
gualifiesasadedsion pant if there exist at least two dfferent PATH schemata (Equation 2a). If only one
PATH schema occurs, then the viewpaint qualifies as an enforced dedsion pant (Equation 2.

PATH (I, X) and PATH (I, y) => dedsion pant (29)
PATH (I, X) and NOT PATH (I, yex) => enforced dedsion pant (2b)

In asimilar way, clues are determined. Many clues can be found bylooking at the diff erent
LINK schemata. Most often people establish visual LINKS to signsin order to perceive information. But
clues might also be cetain architedural feaures sich as a hallway that is perceived and cogrized as a
funrel and, therefore, suggests moving forward, for instance COMPELLED TO BY (I,
movingStraightAhead, funnel). The foll owing rules abou occurrences and sequences of image schemata
help to infer clues:

PLINK (I, ...) andLINK (I, ...) = clue (“I'm looking for alink andthereisalink.”)

PLINK (I, ...) and NOT LINK (I, ...) = noclue (“I'm lookingfor alink but | can’t findit.”)

LINK (I, ...) and PATH (I, ...) = goodclue (“I findalink from which | findapath.”)

LINK (I, ...) and NOT PATH (I, ...) = poa clue (“I'findalink but it doesn’'t give me apath.”)
5 Comparing the complexity of a wayfinding task at two air ports

We @nducted interviews with human subjeds to assessthe differencein the complexity of a wayfinding
task at Vienna International Airport (Austria) and Frankfurt International Airport (Germany). During the
interviews aubjeds described their spatial experiences with two simulated airport spaces, while orienting
themselves and ravigating through the spaces. We seleded Vienna International Airport because it is
generally considered easy to navigate, and Frankfurt International Airport because it is often considered
difficult to navigate. The test site Frankfurt International Airport was ®leded based onthe results of a
guestionraire that had been dstributed to 25 frequent flyers (age ranging from fifteen to sixty yeas,
abou half of them female and the other half male). We asked these people & what airports they had most
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difficulties in finding their way from the ched-in courter to the gate. Frankfurt was mentioned most
often, followed by LondonHeahrow. Passengers aso had troude finding their ways at Los Angeles
International Airport, Amsterdam Airport Schiphd, Atlanta Hartfield International Airport, and Paris
Charles-de-Gaull e International Airport. Asthe main reasons for their answers people mentioned urclea
and ill ogicd infrastructures. Subsequent informal talks with the interviewees $howed that most of them
who hed also been to Vienna International Airport foundthisairport easy to navigate.

5.1  Testsetup

For both airports we used a sequence of color dlides to simulate the route-following task from the
departure hall (i.e., the dhedk-in counter) to a spedfic gate. Subjeds were shown a sequence of 16 dlides
from inside Vienna International Airport and 21dlides from inside Frankfurt International Airport. The
route in Vienna was approximately 330 meters, while the route in Frankfurt was 360 meters. We used
color dides instead of pictures (Raubal et al. 1997, because these can be projeded orto awall to gve
viewers a better impresson d adualy being invaved in the ewironment tested. The dlides were
presented in a sequential order, feauring dfferent situations that passengers face when they would
perform the wayfinding task in the adual environments.

The focus of this human subjeds testing was to recave data for the existence of image
schemata in wayfinding, and nd a thoroughanalysis of human behavior; therefore, we used a simplified
experimental setup with a small subjed pod and color dlidesin lieu of adual navigation space During
the interviews subjeds were given the following task for Vienna International Airport (appropriate
substitutions in the description were made for Frankfurt International Airport):

“You are apassnger at Vienna International Airport in Austria. You are &ou to bcard
Austrian Airlines flight OS501leaving at 11:35to New York. Your gate number is C57.
For chedk-in you can use any of the aurters 51-65. You are now standing in the
departure hall, waiting to ched in you luggage. Your task is the following: going from
the departure hall to you gate.”

Eight volunteers—four female and four male, ead of them a native English speder, na all
of them spatially educated—were shown and tested onthe same task at both airports. Half of the subjeds
saw the task inside Vienna International Airport first and the other half saw the task inside Frankfurt
International Airport first. For every dlide subjeds were given the foll owing two questions:

° What are the things and feaures you seeon this picture and why did youchoaose them?
° How do youmove on from here, referring to the things and feaures you ndiced?

5.2 Analysis of Vienna International Airport

The task of going from the departure hall to the gate & Vienna International Airport consists of three
subtasks that have to be performed in a sequential order. First, people have to ched in, then move
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through @sgort control, and finally move through seaurity control at the gate. Subjeds were asked to
describe their spatial experiences whil e finding the way from the departure hall to the gate (described as
flight OS501to New York departing from gate C57). Figures 2-4 show a sequence of dlides taken from
the duty-free aiea dter the pasgort control. Each figure displays the view given to the test person and
provides the tranglation from one subjed’s natural-language description into the arrespondng image-
schemata predicates.

<Figure 2>
<Figure 3>

<Figure 4>

5.3 Analysis of Frankfurt International Airport

The task of going from the departure hall to the gate & Frankfurt International Airport consists of five
subtasks that have to be performed in a sequential order. First, people have to ched in, then move
throughticket control, seaurity control, and pasgort control, and finally go to the gate. Subjeds were
asked to describe their spatial experiences while finding the way from the departure hal to the gate
(described as flight LH4408to Lyon departing from gate B45). Figure 5 dfers the view of the spacein
the departure hall and gves the transcript and image-schematic mappings for one situation in the
departure hall from one interview.

<Figure 5>

5.4 Comparison d the wmplexity of a wayfinding task a Vienna International Airport and
Frankfurt International Airport

In this ®dion we use the coice-clue wayfinding model and the image-schematic representations to
provide evidencethat the wayfinding task “going from the departure hall to the gate” is more complex in
Frankfurt than in Vienna.

5.4.1 Analysisfor Viennalnternationd Airport

Table 2 shows the analysis for Vienna International Airport. Each viewpoint was analyzed as in the

foll owing examples:

e Slide 3 (ched-in areg: This viewpaint represents a dedsion pant becaise there ae 2 paths (i.e.,
PATH (I, gate55) and PATH (I, gate54)). LINK (I, redChedk-inCourters) represents a good clue
because it results in a path to the thedk-in counters. But the subjed can't figure out if “55’ refers to
the track (i.e., LINK (I, signs) + MATCHING (“55’, trak)?) and where to pu his luggage (i.e.,
MATCHING (55", LEFT_OF (luggage-conveyor-belt, courter55))? + MATCHING (55", RIGHT_OF
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(luggege-conveyor-belt, counters5))?). These ae two poa clues. Also, the cournters are not with
Austrian Airlines (i.e., NOT MATCHING (check-in courters, “Austrian Airlines’)), which is
interpreted as a missng link to Austrian Airlines. Based onthe fads that the viewpoint is a dedsion
point and there ae 2 poa clues and 1 missng clue the subjed does not know which way to go.
Therefore, slide 3 represents aviewpoint that fall sinto the model category of problems.

e Slides6, 7, 8(duty-free aea diter pasgport control, Figures 2-4): This viewpaint represents a dedsion
point because the subjed has 3 paths to choase from (i.e., PATH (I, gateA) + PATH (sign, B-C-gates)
+ PATH (I, A-C-gates)). One good clue prevents the subjed from choasing the wrong way (i.e.,
COUNTERFORCE_TO (LINK (I, “A™), PATH (I, gateA))) and the other 2 goodclues result in 2 corred
paths (i.e., LINK (I, sign) + LINK (I, “B-C-gates’) and LINK (I, sign) + LINK (I, “A,C")). The poa
clue of a subdwed flight-informationsign (i.e., LINK (I, flight-information-sign) + NOT
ATTRACTED_BY (I, flight-information-sign)) does nat prevent the subjed from finding the @wrrea
path. Therefore, there ae nowayfinding problems at this viewpaint.

<Table 2>

5.4.2 Analysisfor Frankfurt Internationd Airport

Table 3 shows the final analysis for Frankfurt International Airport. Again, ead viewpoint was analyzed

asin the foll owing examples:

e Slide 5 (departure hall, Figure 5): From the image-schematic representation can be inferred that this
viewpoint represents a dedsion pant: the subjed mentions one path (i.e., PATH (I, blueSigns)) andis
also looking for a path to his gate (i.e., ?PATH (I, myGate)). The subjed sees omething to the right
but canna make out what it is (i.e., LINK (I, RIGHT_OF (unspedfiedObjeds, 1)) + NOT MATCHING
(unspedfiedObjeds, cogntivelnformation)). He dso seesasign bu concludes that he isin the wrong
place (i.e., LINK (I, sign) + NOT MATCHING (environmentalInformation, cogritivelnformation)).
Finally, he sees familiar blue signs in the distance He can orly make out a “C” on them but nathing
else (i.e, LINK (I, FAR_FROM (blueSigns, 1)) + MATCHING (blueSigns, previousBlueSigns) + LINK
(I, “C") + NOT LINK (I, otherSign-information)). Because there ae only threepoar clues the subjed
has to look for a new reference paint (i.e.,, 2LINK (I, newReferencePoint)). Therefore, slide 5
represents aviewpoint that fallsinto the model category of problems.

e Slide 19 (between pasgport control and gate): This viewpaint represents an enforced dedsion pant
because the achitedura fedures siggest only one obvious way to go (i.e., PATH (startOfFunrel,
endOfFunrel)). Althoughthe subjed does not notice ay signs at first (i.e.,, NOT LINK (I, signs)) and
then sees a poar clue (i.e., LINK (I, sign) + LINK (I, “44-unspedfied #) + FAR_FROM (sign + “44-
unspedfied #,1)), there ae two goodclues that serve & confirmations to the subjed for continuing in
this diredion: the subjed sees a crridor (i.e., LINK (I, corridor)) and pcsts that present afunrel (i.e.,
LINK (I, posts) + LEFT_OF (COLLECTION (posts), funrel) + RIGHT_OF (COLLECTION (posts),
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funnel)) that suggests moving forward. Therefore, the subjed has no wayfinding problems at this
viewpoint.

<Table 3>

The wayfinding task “going from the departure hall to the gate” has a higher rating o points within

“problem areas” at Frankfurt International Airport (2) than at Vienna International Airport (1).

Considering the fad that the two routes are dmost equal in length, this result indicates that the dhosen

wayfinding task is more cwmplex at Frankfurt International Airport than at Vienna International Airport.

Other outcomes from the analysis reinforcethe truth of this satement:

. Frankfurt has more dedsion pants (10) than Vienna (5). At dedsion pants people have to
chocse from different paths which usualy makes wayfinding more difficult than at enforced
dedsion pants (Arthur and Passni 1992. Therefore, the wayfinding task is more complex in

Frankfurt.
. The sum of al “poa” cluestotals 14 in Frankfurt and orly 5in Vienna.
. The sum of all misgng cluestotals 7 in Frankfurt and orly 3in Vienna.
6 Conclusions and future work

This paper presented a aomputational method to compare the complexity of wayfinding tasks in built
environments. In order to perform such comparison we used a simple wayfinding model where choices
and clues function as complexity-measures. The gplicaion o the method to wayfinding in airports
showed that concepts of people’'s perception and cogrition (i.e., image schemata) can be used to
determine the dements of the choice-clue wayfinding model and that these dements acournt for the
complexity of wayfinding tasks in bult environments. Our main argument was that by integrating
people’s perceptual and cogritive structures of spaceinto spatial information and design systems, it is
possble to simulate red-world appli cations, such as wayfinding tasks, in a cgritively plausible way.

Our work showed that people use avariety of image schemata to structure their wayfinding
tasks in airports. Many image schemata ae metaphaicdly projeded and, therefore, metaphaicd
projedions play an integral part in the descriptions and sense-making o space The gplicaion to
comparing the mmplexity of a particular wayfinding task at two dfferent airports demonstrated that the
use of image schemata is a powerful method to describe human spatial cogrition related to navigation
tasks. The integration d image schemata into the design processhelps to identify architecural problems
(with regard to wayfinding) prior to construction. The design process of easier-to-navigate built
environments must take cae of constraints, such as necessary LINKS and PATHS at diff erent viewpoints.
This can be dore by using semi-formal image-schematic structures (i.e., 2LINK (I, ...) = LINK (I, ...)
needed ar ?PATH (I, ...) = PATH (I, ...) needed).

Several diredions for future work regarding the representation d human cogritive amncepts
in spatial information systems remain open and some research guestions have to be answered.
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. In order to represent image schemata in spatial information and design systems, they have to be
formalized. Attempts to formalize the CONTAINER and SURFACE schemata have drealy been
made (Kuhn and Frank 1991, Rodriguez and Egenhder 1997, bu in order to represent and
simulate mmplex processes such as wayfinding, a more comprehensive set of image schemata
must be formalized in an integrated algebra. Formali zations of image schemata will contribute to
the development of Naive Geography (Egenhder and Mark 1999: the formal image-schematic
structures shown in this paper can be mnsidered as part of a naive geographic model for the
particular task of wayfindingin airports.

. Sequences of image schemata ae sufficient to describe wayfinding tasksin bult environments at
an abstrad level. In order to fully describe wayfinding processes, the image-schematic structures
and the dhoice-clue wayfinding model have to be enriched with relevant wayfinding principles
that can be foundin the literature.

. The demonstration d our methodis only based ona few interviews. A more sophisticated and
extended experimental design is needed to verify the aosscultural universality of image-
schematic representations. Instead of using dides to interview people éou their spatia
experiences, human-subjeds testing may be dore in red-world applicaion space Also,
interviews soud be dore for different built environments, e.g., pullic transport buildings,
haospitals, or libraries.

. Our analysis $hows that many image schemata ae not experienced in isolation, bu are crrelated
with ather image schemata—represented as tightly couged image-schematic blocks. For
example, the LINK, PATH, and SURFACE schemata ae used together most of the time. These
superimpositions of schematic structures (Johrson 1987 occur, because it is difficult to fully
expressa spatial situation wsing orly one pattern. More reseach has to be done on which image
schemata ae used within block-structures and haw they are cmnneded.

. Finaly, it has to be investigated which image schemata ae relevant for the comparison o
wayfinding tasks in bult environments. One might look for a percentage-relation between
important and unmportant image schemata used in the descriptions. LINKS and PATHS sean to
be the most important schemata for wayfinding tasks, since people tend to perceave spatial
feaures via LINKS before they dedde where to go va PATHS. Image schemata like
ON_SURFACE, on the other hand, seem to be trivial and, therefore, of lessimportance for the
model.
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("don't need clues")

Hesitation
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Figure 1: Choice-clue wayfinding model.
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Transcript Extracted image schemata

“| seeshops.” LINK (I, shops);

“It'swell-lit andit’snot ATTRACTED_BY (I, light);

claustrophobc.”

“| seethe signthat says| LINK (1, sign),

shoud go davn that hall to go  LINK (I, hall),

to gate A" PATH_ALONG (I, gateA, SURFACE (hall));

“That's not the diredion | COUNTERFORCE_TO (LINK (I, “A™), PATH (I, gateA));
want to go”

“The dsle can’'t go \ery far.” MATCHING (hall, aidle),
PATH (beginOfAide, endOfAide),
NOT FAR_FROM (beginOfAide, endOfAide);

“It disappeas amongthe CENTER-PERIPHERY (aidle, shops), NEAR_FROM (shops, aide);
different shops.”
Figure 2: One subjed’ s transcript and image-schematic representation d slide 6, the duty-free aea

after pasgort control at Vienna International Airport.
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Transcript Extracted image schemata

“It's an open space” IN_CONTAINER (unspedfiedObjeds, duy-freeSpace;
“| seethe signto the B-C-gates.” LINK(I, sign),
LINK (I, “B-C-gates’),
PATH (sign, B-C-gates);
“1 seeinformation abou the layout of LINK (I, airportLayoutl nformation),
the drport and flight information onthe  LINK (I, ON_SURFACE (fli ghtInformation, monitors));
monitors.”
“There ae shops.” LINK (I, shops);
“They stand ou against the bad.” ATTRACTED_BY (I, shops),
IN_BACK_OF (unspedfiedObjeds, shos);

Figure3: Continuation to Figure 2's transcript and image-schematic representation to slide 8, the
duty-free aea dter pasgort control at Vienna International Airport.
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Transcript

Extracted image schemata

“| seelots of shops.”

“| see away to asignthat says
‘A, C

“There’ stwo waysto get to
cC”

“1 see aflight-information-
sign hanging from the
caling”

“It's subdwed so | ignared it.”
“I'm looking for gate C, the
general gate-C-area”

“1 go dawn the shops-areain

LINK (I, shops),

FULL _OF (duty-freeArea shops);

LINK (I, sign),

PATH (I, sign),

LINK (I, “A, C");

NOT MATCHING (PATH (I, gateC), PATH (I, gateC));

LINK (I, flight-information-sign),
IS DOWN (flight-information-sign, ceili ng);

NOT ATTRACTED_BY (I, flight-information-sign);
?LINK (I, “gates C");

CENTER-PERIPHERY (IN_FRONT_OF (PATH (I, A-C-gates), 1), shops),

the ceanter.” IN_CONTAINER (shops, ared),
ON_SURFACE (I, floar);
Figure 4: Final view of the duty-free aiea dter pasport control at Vienna International Airport

with transcript and image-schematic representation.
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Transcript

Extracted image schemata

“1 seestuff off totheright, |
can’'t make out what it is.”
“Phone boaths or something
like that.”

“| see asign hanging from the
top”

“I'm in the wrong pgace”

“It's abou baggage.”

“| see alvertisingsigns.”
“Way in the distancel see
familiar blue signs.”

“Isee aC’ butl dont see
anything else.”

“I"'m not sure where I’ m
going.”

“1 move forwards towards the
blue indicaor signs.”

“I'm looking for a new
referencepaint.”

Figure5:

LINK (I, RIGHT_OF (unspedfiedObjeds, 1)),
NOT MATCHING (unspedfiedObjeds, cogritivelnformation);
MATCHING (unspedfiedObjeds, phoreBoaths)?,

LINK (I, sign),

IS DOWN (sign, céling);

IN_CONTAINER (I, placs,

NOT MATCHING (environmental I nformation, cogniti vel nformation);
LINK (I, “baggage”);

LINK (I, advertisingSigns);

LINK (I, FAR_FROM (blueSigns, 1)),
MATCHING (blueSigns, previousBlueSigns);
LINK (I, “C"),

NOT LINK (I, otherSigninformation);
?PATH (I, myGate);

IN_FRONT_OF (PATH (I, blueSigns), I),
ON_SURFACE (I, floor);
?LINK (I, newReferencePoint);

View of the departure hall at Frankfurt International Airport with ore subjed’s transcript

and image-schematic representations.
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I mage schema Example of natural-language Predicate representation

description
ATTRACTION The sign catches the eye. ATTRACTED_BY (I, sign)
CENTER- The hallway curves aroundthe CENTER-PERIPHERY (duty-freeShops, hallway)
PERIPHERY duty-freeshops.
COLLECTION There ae seveaal signs. COLLECTION (signs)
COMPULSION | dowhat other people ae doing. COMPELLED_TO_BY (I, urspedfiedAction,
people)
CONTAINER | am in the departure hall. IN_CONTAINER (I, departureHall)
COUNTERFORCE | don't neal to gothere—I've COUNTERFORCE_TO (IChedkedin, PATH (I,
arealy chedked in. chedk-inCourters))
FRONT-BACK | seetheyellow signsin front of me. IN_FRONT_OF (yellowSigns, 1)
FRONT-BACK There ae people behind the IN_BACK_OF (people, courters)
courters.
FULL-EMPTY It's quite crowded in the duty-free  FULL_OF (duty-freeAreg people)
area
LEFT-RIGHT The even numbers are on the | eft. LEFT_OF (evenNumbers, unspedfiedObjead)
LEFT-RIGHT Totheright also gvesme an oggion RIGHT_OF (PATH (I, gateC), I)
to go.
LINK | seethe yellow signs LINK (I, yellowSigns)
MATCHING The gates are identical. MATCHING (gates, otherGates)
NEAR-FAR | approac closer to the sign. NEAR_FROM (I, sign)
NEAR-FAR | can't read the signs at this FAR_FROM (I, signs)
distance
PATH I moveto the ticket courter. PATH (I, ticketCourter)
PATH | follow B1 alongto B2 to finally PATH_ALONG (B1,B45,B2)
reat B45.
SURFACE People ae walking. ON_SURFACE (people, floor)
VERTICALITY Signs hangng fromthe celing. IS DOWN (signs, celing)
VERTICALITY There aesignsup abaretheticket 1S _UP(signs, ticketCourters)
courters.
Table 1: Image schemata, examples of natural-languege descriptions, and their predicaes.
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Slidett Paths Good clues Poor clues No clues

1 1 1 0 1
2 1 1 0 0
3 2 1 2 1
4 2 2 1 1
5 1 1 0 0
6,7,8 3 3 1 0
9,10 2 3 0 0
11 1 1 0 0
12 1 1 1 0
13 >1 2 0 0
14 1 0 0
15 1 0 0
16 2 0 0
z 5dp 20 5 3
Table 2: Paths and clues for Vienna International Airport (viewpoints within problem aress are

highlighted, dp= dedsion pants).
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Slide#t Paths Good clues Poor clues No clues

1 2 2 0 0
2 1 3 1 1
3 2 3 0 0
4 2 1 1 0
5 >1 0 3 0
6 3 1 1 0
7 >1 0 2 1
8 2 2 0 1
9 2 3 0 0
10 1 2 0 0
11 1 2 1 0
12 1 3 0 0
13 1 2 0 0
14 1 1 1 0
15 2 4 1 0
16 1 3 0 1
17 2 3 0 0
18 1 1 0 0
19 1 2 1 1
20 1 0 2 1
21 1 3 0 1
X 10dp 41 14 7
Table 3: Paths and clues for Frankfurt International Airport (viewpoints within problem arezs are

highlighted, dp= dedsion pants).
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