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Abstract. Wayfinding is a basic adivity people do throughou their entire
lives as they navigate from one placeto ancther. In order to crede different
spaces in such away that they fadlit ate people’s wayfinding it is necessry to
integrate principles of human spatial cogntion into the design process This
paper presents a methoddogy to structure spacebased onexperienta patterns,
cdled image schemata. It integrates cogritive and engineging aspeds in three
steps: (1) interviewing people dou their spatial experiences as they perform a
wayfinding task in the gplicaion space (2) extrading the image schemata
from these interviews and formulating a sequence of subtasks, and (3)
structuring the gplicaion space(i.e., the wayfinding task) with the extraced
image schemata. We use wayfinding in airports as a ca&e study to demonstrate
the methoddogy. Our observations ow that most often image schemata ae
correlated with ather image schemata in the form of image-schematic blocks
and rarely occur in isolation. Such image-schematic blocks ®rve & a
knowledge-representation scheme for wayfinding tasks.

1. Introduction

Wayfinding is a natural process people lean as snall children (Piaget and Inhelder
1967 and develop as they grow up. It takes placein many different situations, such
as driving acdossa ourtry, walking in a dty, or moving througha building (Gluck
1991)). In al of these situations people have one thing in common: they use comnon-
sense knowledge of geographic space—knowledge that is mediated by structures and
caegories of understanding people’s daily experiences in the space they live
(Johrson 1987.

Over the last yeas, reseach on human wayfinding has mainly dedt with the
exploration d cognitive representations and dd na focus on the processs of how
people immediately make sense of information along their ways. Alexander et al.
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(1977 presented reseach on the process of structuring space by developing a
language mnsisting d patterns that are based on the experiental nature of things.
These patterns help people to structure their environment. Johnson (1987 proposed
that people use so-cdled image schemata to understand the world in which they live.
Image schemata ae presented to be nonpropasitional, reaurring petterns that are
grounded in people’s experience and help them to structure spacein order to know
what to do with it. Image schemata fit into the cdegory of alternative
conceptuali zations or cognitive models of space—models that are built upon pople’s
experiences with the environment. The literature offers many dfferent cogntive
caegorizaions of space (Freundschuh and Egenhder 1997). Couclelis and Gale
(1986 distinguish six kinds of spaces. pure Euclidean, physicd, sensorimotor,
perceptual, cogntive, and symbolic space However, the gap between perceptual
space(i.e., objeds are goprehended throughthe senses at one place ad ore time) and
cognitive space (i.e., sensory images of objeds are linked to elements of cogrition,
such as beliefs and knovledge) might just be adefinitional one, becaise there seems
to be astrong conredion between the two. As Lee (1973 pointed ou, percepts are
not freeof concepts and concepts are not free of percepts. In order to link perceptual
and cogritive space bridges need to be built.

In this paper we propase to represent spacewith image schemata. They serve
as the structural comporents of a spatial task. Our approach combines concepts of
two dfferent scientific fields—cognitive science and engineaing. We show that by
using image schemata it is possble to establish a “common language” between a user
and the enginea who can trandate people’s views of spaceinto forma models. With
the integration d other wayfinding information and grinciples these models can then
be used to smulate red-world applications, such as wayfinding tasks, in a cogritively
plausible way. After testing and restructuring the model spacefor ease of wayfinding,
the enginee may trandate the fina structure bad into the red-world space The
result is expeded to be amore user-friendly spatial environment.

The oontribution d this paper istwofold: on the one hand, it presents a way to
model processes of structuring space on the other hand, it provides a todl to bridge
the gap between perceptua and cogrtive space becaise image schemata ae
cogntive mncepts that also occur in the perceptual domain. To demonstrate our
methoddogy we gply it to wayfinding in airports—a spedal case of moving through
abuilding. Pasengers at an airport have to find their way from ched-in to their gate,
from their gate to the baggage daim, and between gates. They are often in a hurry
and must not get lost. This can be adifficult task, becaise many airports are poaly
designed, have poar signage, and are densely crowded. Making wayfinding easier for
pasengers at an airport requires to design airport space in such a way that it
fadlit ates people's gructuring processes of tasks. The proposed methoddogy takes
into acournt how people understand space Therefore, its implementation shoud lead
to computer systems that test airport spaceor other pubic buildings in the design
phase for complexity of particular wayfinding tasks people have to perform.

The remainder of this paper continues with a review of common-sense
knowledge and human wayfinding, and dscusses empiricd studies of how people
find their ways and computational wayfinding models (Sedion 2. Sedion 3reviews
the @ncept of image schema and relates our approach to previous work. Sedion 4
presents a methoddogy to structure space based on such experiental patterns. An



application d the methoddogy to awayfinding task in an airport is siown in Sedion
5. Sedion 6 presents conclusions and suggests diredions for further research.

2. Related Work

The processof structuring spacesuch that it fadlit ates wayfinding is based onthree
reseach dredions. (1) commonsense geographic knowledge, (2) human
wayfinding, and (3) empiricd studies and computer models for wayfinding. In this
sedion we review the most charaderistic parts of the literature that serve & a
badbonre for our work.

2.1 Common-Sense Geographic Knowledge

Since people’s first experiences with the environment they have been establishing
knowledge &ou the world in which they live. People nee this basic knowledge for
their everyday adivities, such as walking, eding, leaning, and shopgng, and cdl it
comnon-sense knowledge. Kuipers (1978 defines common-sense knowledge of
space & “knowledge @ou the physicd environment that is acquired and used,
generally withou concentrated effort, to find and follow routes from one placeto
ancther, andto store and wse the relative position d places.” Current spatial computer
models suppat common-sense knowledge of geographic spaceonly insufficiently.
Representations are primarily based on Cartesian coordinates and therefore “the
standard concepts of space ae not always appropriate” (Frank 1993). People's
resoning is mainly based on common sense and they often do na think
mathematicdly in everyday affairs. Instead of doing exad caculations, people most
often apply methods of qualitative spatial reasoning (Frank 1996 Cohn 1995 Frank
1992 Freksa 1992, which rely on magnitudes and relative, instead of absolute,
values. People dso usually use topdogicd instead of metricd information.
Topdogicd properties of objeds gay invariant under such transformations as
trangdlations, rotations, and scdings. By using abstrad geometricd analysis Piaget and
Inhelder (1967 demonstrated that fundamental spatial concepts are topdogicd, but
not Euclidean at all.

Naive Geography is one aurrent field of study that deds with common-sense
geographic worlds (Egenhdfer and Mark 1995. It establishes the link between
knowledge that people have éou their surroundng geographic space ad the
development of forma models that integrate this knowledge. Egenhdfer and Mark
give two dfferent reseach methoddogies as part of the framework for developing
todls for “naive” users: (1) the development of formalisms of naive geographic
models for particular tasks and (2) the testing and analyzing o formal models.

2.2 Human Wayfinding

Human wayfinding research investigates how people find their ways in the physicd
world, what they nedd to find it, how they communicae diredional information, and
how people’s verbal and \isual abiliti es influence wayfinding. According to Lynch
(1960 p3) wayfinding is based on “a consistent use aad aganization o definite
sensory cues from the external environment.” The ultimate goal of human wayfinding
isto find the way from one placeto ancther.

People neal to have spatial knowledge—which is assumed to consist of
landmark, route, and survey knowledge (Siegel and White 1975—and various
cognitive ailiti es, such as reagnizing oheds, in order to succea in wayfinding. It
is further assumed that such knowledge is represented in a agritive map, which isa



mental representation that corresponds to people’s perception d the red world,
athough aher metaphars, such as cogntive mllages and spatial mental models, have
also been proposed (Tversky 1993. Recent studies suggest that cogntive maps are
structured hierarchicdly (Hirtle and Heidorn 1993. One ansequence of hierarchies
in cogntive maps is that they may have an influence on wayfinding performance,
e.g., biasin spatial judgments such as distance estimates (Hirtle and Jonides 1985.

Reseachers from various disciplines have thorougHy investigated the role
cognitive maps play in spatial behavior, spatial problem solving, aaquisition, and
leaning (Kitchin 1999. Much less however, has been found ot about how people
immediately understand dfferent spatial situations, i.e., how they structure and make
sense of practical spacé while performing a wayfinding task. Gluck (1991),
therefore, suggested to explore the information reeds—what information people need
in order to uncerstand their environment at a particular point in time. The ideabehind
this sense-making method is to look at the wayfinding process itself instead of
looking at the final product (i.e., the cgnitive map).

2.3 Empirical Studiesand Computer Modelsfor Wayfinding
Empiricd results of how people find their ways are based on colleding individuals
perceptions of distances, angles, or locations. On the other hand, cognitively based
computer models generally simulate awayfinder that can solve route-planning tasks
with the help of a mgntive-map-like representation. Both reseach dredions
contribute to the description d the feaures of the cognitive map.

From the perspedive of empiricad work, Kevin Lynch’s (1960 “The Image of
the City” is regarded as the foundation for human wayfinding research. His goal was
to develop a method for the evaluation d city form based on the cncept of
imageability? and to offer principles for city design. Based on hs investigations
Lynch divided the contents of the dty images into peths, edges (boundiries), regions,
nodes, and landmarks. These dements were described as the building Hocks in the
processof making firm, diff erentiated structures at the urban scde and have been the
basisfor later research onwayfinding.

Weisman (1981 identified four classes of environmental variables that
influence wayfinding performance within bdilt environments: (1) visua access (2)
the degree of architedural differentiation, (3) the use of signs and room numbers to
provide identificaion a dirediona information, and (4) plan configuration. His
results were @nfirmed by dher reseachers who wsed various ttings for their
studies, such as airports (Seidel 1982, university buildings (O'Neill 1991a, Gérling et
al. 1983, and libraries (O'Neill 19918. People’s famili arity with the environment
was also foundto have abig impad on wayfinding performance (Gérling et al. 1983
Seidel 1982.

Reseach on people’s wayfinding performance has been particularly helpful
for establishing pradicd guidelines (e.g., Arthur and Passni 1992 1990 on haw to
design pubic buildingsin order to fadlit ate wayfinding. Architeds have mme to the

1 This term goes badk to Piaget and Inhelder (1967 who argued that spatial behavior and spatial
representations are very different. They distinguished between practical space(i.e., adingin space and
conceptual space(i.e., representing space.

2 “imageability: that quality in a physicd objed which gives it a high probability of evoking a strong
image in any given observer.” (Lynch 1960 p9)



conclusion that fadlitating people’s wayfinding reeds more than puting up signs,
becaise most of the time signage canna overcome achitedural failures (Arthur and
Pasdsni 1992); therefore, wayfinding principles have to be wnsidered duing the
design pocess—both for the overall spatial structure and for the form-giving
feaures.

From the perspedive of computer models for wayfinding, Kuipers's (1978
TOUR model presents a computational model of spatial knowledge whose concepts
are primarily based on olservations by Lynch (1960 and Piaget and Inhelder (1967).
It simulates leaning and problem solving while traveling in a large-scde urban
environment. A subsequent application to the TOUR model utilizes an approac to
roba leaning based on a hierarchy of types of knowledge of the robd’s snses,
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
(McCallaet al. 1982, have been developed to simulate leaning and problem solving
in spatial networks. NAVIGATOR (Gopal et al. 1989 integrates concepts from both
cognitive psychoogy and artificial intelligence It represents basic comporents of
human information processng, such asfiltering, seleding, and forgetting. The goal of
this computer model was to investigate how the process of extrading and wsing
environmental information is condwcted by the achitedure of human information
processng.

The focus of these cmmputer models lies primarily in the exploration d the
cognitive map; however, by negleding the processes of how people assgn meaning
to their spatial environment as they navigate through it, these models fail to
incorporate comporents of common-sense knowledge. Golledge (1992 finds it
possble that spatial knowledge is not well described by existing theories and,
therefore, cdlsfor more reseach on human understanding and use of space

3. Image Schemata

The key pant of the propased methoddogy is to incorporate dements of human
perception and cogrition into the processof structuring spacefor ease of wayfinding.
In this dion we introduce the main comporent of this methoddogy.

3.1 What isan Image Schema?
Johrson (1987 proposes that people use reaurring, imaginative patterns—so-cdled
image schemata—to comprehend and structure their experiences while moving
through and interading with their environment. 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 astrad than mental pictures, becaise
they can esentially be reduced to topdogy, and lessabstrad than logicd structures,
becaise they are wnstantly operating in people€’s minds while people ae
experiencing the world (Kuhnand Frank 1997). An image schema ca, therefore, be
seen as a very generic, maybe universal, and abstrad structure that helps people to
establish a cnredion between dfferent experiences that have this same reaurring
structure in common. Table 1 gves a seledive list of Johnson's (1987 pl26) image
schemata.

The CONTAINER schema, for example, represents containment. Its internal
structure @nsists of an inside, an ouside, and a boundry. People use this £hema



when entering a building (i.e., a CONTAINER). By crossng the boundry (e.g.,
througha doaway) they are moving from the outside into the inside of the building.
The PATH schema represents movement and is, therefore, important for wayfinding.
It is dructured througha starting pant, an endpdnt, and a wnredion ketween these
points. People use it whenever they move from one paint to ancther. Johnson claims
that, athough image schemata can be drawn as diagrams and represented
propasitionally, it is impossble to cepture their continuows nature & gructures of
peopl€’s understanding. Formalizaions of image schemata & caegories have used
algebraic spedficaions (Kuhnand Frank 1991 Rodriguez and Egenhdfer 1997). Our
methoddogy d structuring spacewith image schemata is presented in a semi-formal
way and focuses on wayfinding tasks that are performed in this gace

CONTAINER BALANCE COMPULSION
BLOCKAGE COUNTERFORCE RESTRAINT REMOVAL
ENABLEMENT ATTRACTION MASSCOUNT

PATH LINK CENTER-PERIPHERY
CYCLE NEAR-FAR SCALE

PART-WHOLE MERGING SPLITTING
FULL-EMPTY MATCHING SUPERIMPOSITION
ITERATION CONTACT PROCESS

SURFACE OBJECT COLLECTION

Table 1: Seledive list of image schemata (Johnson 1987 pl26).

3.2 Image Schemata Related to Previous Work

Image schemata relate to common-sense knowledge—and particularly to Kuipers's
definition d common-sense geographic knowledge (Sedion 21)—becaise people
apply such patterns to use the physicd environment withou concentrated effort.
Image schemata can also be seen as part of the topdogicd information that is
esential for common-sense reasoning. Relating image schemata to red world
situations and oljeds is based on topdogicd concepts (e.g., people can relate a
building to the CONTAINER schema, becaise they perceve its inside-outside
structure). Image-schematic reasoning is qualitative a well, becaise people do nd
use asolute values—such as the exad position d an entrance within a @ordinate
system—in their everyday lives. Finadly, formalizaions of image schemata will
contribute to the development of Naive Geography (Egenhder and Mark 1995: the
result of our case study can be mnsidered as part of a naive geographic model for the
particular task of wayfindingin airports.

Reseach on human wayfinding dfers many general principles and condtions
(Sedion 23). Our method d structuring wayfinding tasks and space with image
schemata ntributes to the question d how people immediately understand and wse
their spatial environment. This is different to explaining hov the environment is
leant: even when having a “perfed” cogntive map, people till have to make sense
of spatial objeds they perceive in order to know what to dowith them. In this £nse
our approach does nat contradict the idea of a mgrntive map o other wayfinding
principles, but forms a necessry supdement within the aea of environmental
interadion.



The basic idea for fadlitating wayfinding is to organize space ad spatial
design models based on users's cogntive perceptions. The process of structuring
space has on the one hand to involve perceptual and cogntive apeds, and onthe
other to provide to the gplication designer tods and constructs to chedk and
guarantee space integration constraints such as “there is always a PATH that leads
from the chedk-in courter to the drport gate.”

4. A Methodology to Structure Space with | mage Schemata

In this ®dion we present a methoddogy to structure and represent space acording
to elements of people’s perception and cogntion. This methoddogy alows for the
development of spatial models that are doser to human perception and cogrnition d a
red-world space than models based on Cartesian coordinate systems. This is
important for the aeaion d user-friendy environments that fadlit ate wayfinding.
The methoddogy consists of three sequential stages: (1) during interviews people
describe their spatial experiences while performing a wayfinding task in the
application space (2) these interviews are analyzed, image schemata extraded, and a
task sequence is also formulated; and (3) the extraded image schemata ae used to
structure the wayfinding task and, therefore, the goplication space

4.1 Interviews

Interviewing is a method to record behavior (Agar 1996. Tobler (1976 suggested
interviews as a means of recrding mental maps. At this dage we use interviews to
record anticipated behavior of people interading with a given environment, i.e., to
record perceptual and cognitive space During the interviews people describe their
spatial experiences as they perform awayfinding task in the gplicaion space Thisis
the only step where the gplicaion user isinvaved in the processof structuring the
space

4.2 Interview-Analysis and Extraction of | mage Schemata

The second step consists of a systematic analysis of the transcripts of the interviews
with the goal to extrad the image schemata that people use to make sense of their
environment while performing a wayfinding task. Mark and Frank (1996 showed
how 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 1989.
Freundschuhand Sharma (1996 used the same gproad in a pil ot study to asessthe
geographic content of children’s narratives and investigate the relationships between
locdives (i.e., words that describe relationships between places, e.g., in, on, under,
and rea) and spatial image schemata. One of their results was that books for diff erent
age levels utilized a standard set of locdives, suggesting the posshility to express
most spatial image schemata with few locaive terms. Our way of extrading image
schemata from natural-language descriptions also exploits the propased conredion to
spatial locétives (i.e., prepasitions).

Anather important asped at this gage is the split-up o tasks into sequences of
subtasks. A task is defined as a processwithin a spedfic time frame and consists of a
source (i.e., start) and a target (i.e., end). Tasks are made of subtasks and are cdled
complexif they are not atomic, i.e., canna be subdvided into tasks. In the drport-
case-study (Sedion 5 the timeline of atask is defined based on qulitative interest.



4.3 Structuring Wayfinding Tasks and Space with mage Schemata

At this dage a model of the gplicaion space is built, which is based on a
representation o the extraded image schemata. The alvantage of this approac is the
incorporation d people’s cogntive apeds into engineging processes. In order to
(re)organize the gplicaion space from the perspedive of wayfinding applicaion
users are interviewed, instead of architeds who have the domain knowledge of the
application. By analyzing uwser requirements and aganizing common-sense
knowledge (i.e., image schemata) the design process comes closer to the user and
more semantics are alded to the information. Figure 1 shows the stages of the
propcsed methoddogy.

| Interviews I

behavioristic part -
user participation
y
Interview-Analysis
and Extraction of Image modeling part -
Schemata independent of the user

v

Structuring Wayfinding
Tasks and Space with
Image Schemata

Figure 1: The three stages of the methoddogy to structure wayfinding tasks and
spacewith image schemata.

Consider one starts with spedfying the task using the proposed methoddogy,
thus going the other way of first spedfying perceptual and cogritive space i.e., space
how it shoud be. Then, atransation must be passble from perceptua and cogritive
spaceto physicd space Such a trandation canna be cmplete withou additi onal
aspeds. These apeds comprise wayfinding grinciples and condtions and pradicd
guidelinesfor the design d user-friendy environments (Sedion 23).

5. Application to Airport Space

The goa of the methoddogy developed in the previous fdion was to establish a
spatial model that comes close to human perception and cogrition o a red-world
space In this edion we demonstrate the usefulnessof this methoddogy by applying
it to a wayfinding task in airport space following the three steps of interviewing,
extrading image schemata from the interviews, and structuring the spatial task with
the extraded image schemata.

5.1 Interviews

Subjeds were shown pictures of Vienna International Airport (Austria) and asked to
describe their spatial experiences while finding the way from the departure hall to
their gate. The goal wasto get on aflight to Istanbu (Turkey) departing at gate C53.



Subjeds were aked to focus their description onarchitedural feaures and signs of

the arport. Pictures were presented in a sequential order, feduring dff erent situations

that passengers have to facewhil e performing the wayfinding task. As an example we

give the transcript of one interview:

Picture 1. Departure hall.
“1 am in the departure hall and | can seethe yellow signsin front of me, telling
me the diredion o how | have to move throughthis hall. I1t's along spacewith
ticket courters running davn the side, so | am basicdly sort of funreled
through The hall has got a dea open areato walk. There ae signs hanging
from the caling bu they look like alvertisements, so | am kind d direaed
towards the bright yellow signs at the end. The lor is goodfor direding me
towards that end.”

Picture 2: Ticket courters.
“Now | move to the ticket counter and again the spaceis such that it looks like
all ticket counters are lined upin a row; there ae signs above them for the
different flights, so that’s quite dea.”

Pictures 3, 4, 5: Towards pasgort control, signs.
“Then | move dongto where it’s going towards pasgport control and | can see
the yellow signs direding me towards C and an arrow; | am suppcsed to be
looking for Istanbu and C53. They have gat the letters for the destination
yellow and they are using a different color for the gates. So, somehow my eyes
are more dtraded to the yellow letters with the dty and then | ook at the gate.
It tellsmeit’s boarding C53, so | have confirmation abou that. And again, the
yellow signs are good A, B, C, D for the different terminals, so | am healing
towards C. It looks pretty clea. It isan open space”

Picture 6: Duty-free aea
“The next picture is the duty-free aea | do nd explicitly seegate C. There ae
signs for A straight ahead and D off to the side and there is a pill ar standing
up. There is a pillar which might be blocking C. There seems to be an arrow
going df to the right. It's quite aowded here. The spaceis much narrower
than in the other phatographs. So the aea aoundthe duty-freeshops sems to
be amore mngested areq it is not such an open space We have dea yellow
signs but we do have an architedural fedure that might be blocking my view
toC.”

Picture 7: Hallway between duty-free aea and gpte aea
“In the next picture again, | dorit seeC explicitly listed in the yellow signs and
people ae walking towards me. | am not sure where | am suppcsed to be going
here. This is adualy confusing. We have a halway, the signs are not
obstructed by anything. | can see @ the signs. It is not too bwsy here dthough
it's kind d a narrow hallway. Open space there ae pill ars but they are off to
one side. Now they are nat blocking anything. A, B and D are indicaed where
they are. So | am either just approaching C, | have lost the C sign.”

Pictures 8, 9: Gate aea
“Finally | guessl am at my departure gate. C53islabeled clealy. | would have
no poblem healing towards C53. It's a room. It's got some big pill ars with
seds kind d aroundthem. Signs are just all hanging from the celing. | dont
see anything Hocked there, so | seewhere my gateis.”



5.2 Interview-Analysis and Extraction of |mage Schemata
One result of the interview-analysis is the decomposition d the wayfinding task into
asequential order of subtasks.

Task: Going from the departure hall to the gate.

Subtasks: 1la Finding the ticket-courter in the departure hall.

1b Goingto the ticket-courter.

2 Movingaongthe departure hall to find the pasgort control.

3 Goingthroughthe pasgort control.

4a Findingthe way to the gate aea

4b Moving from the duty-free aieato the gate aea

5a Findingthe mrred gate.

5b Goingto the gate.
The subtasks (1a, 1b), (4a, 4b), and (5a, 5b) have been pu into pairs, becaise in most
of the caes they occur in perallel. For instance, people ae looking for the ticket-
courter and moving throughthe departure hall at the same time.

The list of spatial image schemata used by Freundschuh and Sharma (1996
consists of seven elements (i.e, CONTAINER, SURFACE, NEAR-FAR,
VERTICALITY, PATH, LINK, and CENTER-PERIPHERY). Our interview-analysis
shows that people gply a larger variety of image schemata to structure wayfinding
tasksin airports. In the following sedion we present a short description o a seledion
of the extraded image schemata, the semi-formal structures applied to extrad them,
and examples for their occurrencein natural-languege terms.

CONTAINER

A CONTAINER has an inside, an ouside, and a boundiry, and represents the idea of
containment. In an airport people gply the CONTAINER schemato buildings as well
asto gatesand signs.

in (I, departure hall): “1 am in the departure hall .

notin (“C”, signs): “I don't seeC listed in the yellow signs.”

CONTAINER (departure hall): “I enter this hall which isthe departure hall.”
CONTAINER (gate): “1 enter the gate.”

SURFACE

This shemaisatrivial one and people ned it all the time whil e standing a walking.
One interviewee used the SURFACE schema to refer to the ésence of moving
corridors that are part of some drports: “They dorit have this corridor which youcan
stand on”

e SURFACE (hall): “The hal hasgot a dea open areato walk.”

e moving, walking, going -> SURFACE: “People aewalking.”

PATH

The PATH schema is espedally important for wayfinding tasks as people dways
move dong PATHS. A PATH has a starting pant, an endpdnt, and a wnnedion
between them.

e PATH (I, ticket courter): “Now | moveto the ticket courter.”

o towards(l, C) -> PATH (I, C): “I am heading towards C.”

LINK



People relate mnreded ohjeds via LINKS. Such LINKS occur both in ou spatial and

temporal experience Airport-passengers try to establish visual LINKS between their

current position and the locaion o the objed they are looking for. LINKS (not

necessrily visua LINKS) are transitive, eg., if a LINK exists between the

pasenger’s position and a sign, and another LINK between the same sign and an

objed locaion, then thereisaLINK between the pasenger and the objed.

e LINK (I, signs): “I can seethe yellow signs.”

o abowe (signs, ticket courters): “There ae signs above them (i.e., the ticket
courters).”

o LINK (ticket courter, ticket courter, etc.): “All ticket courters are lined upin a
row.”

CENTER-PERIPHERY

This image schema is used for orientation. In most of the caes the passenger

functions as the center3 and the surroundng environment is periphery. But sometimes

the center isan oljea of the environment.

e CENTER-PERIPHERY (I, objeds of departure hall): “I am in the departure hall and
| can seethe yellow signsin front of me.”

e around(pill ars, seas): “It's got some big pill ars with seas aroundthem.”

ATTRACTION

While performing a wayfinding task people dways sem to be spatialy attraded to

certain feaures.

e direded towards (I, signs): “I am kind d direded towards the bright yellow
signs.”

e ATTRACTION (I, letters): “My eyes are more dtraded to the yellow letters.”

BLOCKAGE

BLOCKAGES are obstades (e.g., wall s or pill ars) that stand in the way of PATHS and

LINKS and, therefore, render wayfinding tasks more difficult.

o blocking (pill ar, “C"): “Thereisapill ar which might be blocking C.”

o blocking (architedural feaure, view to C) = blocking (architedural fedure, LINK
(1, C)): “Architecural feaure that might be blocking my view to C.”

FULL-EMPTY

Wayfinding in airports gets more difficult when the spaceis crowded; therefore, this
image schema hasto be taken into acourt.

o full (duty-free aea people): “It's quite aowded here (i.e., in the duty-free aeg.”
o empty (hallway, people): “It isnat too bisy here.”

MATCHING

3 «Our world radiates out from our bodes as perceptual centers from which we seg hea, touch, taste, and
smell our world.” (Johnson 1987 pl24)



In order to know that they are on the right tradk or have arived at the right gate,

people have to match their cogntive information with the environmental information

(e.g., the mntent of signs).

e MATCHING (cogritive information “ C53’, environmental information “C53"): “It
tellsmeit’s boarding C53, so | have confirmation abou that.”

BALANCE

A well-structured, balanced spatial design fadlit ates environmenta interadion for

users.

e BALANCE (ticket courters): “Again the spaceis auch that it looks like dl ticket
countersare lined upin arow.”

o BALANCE (signs): “We have dea yellow signs.”

OBJECT

The OBJECT schemais atrivial one a people use it al the time to identify discrete
entitiesin space

e OBJECT (yellow sign), OBJECT (ticket courter), OBJECT (gate), etc.

ENABLEMENT

The aiteria for using this image schema ae apatential force vedor and the ésence

of barriers or blocking COUNTERFORCES.

e can* (I, seesigns): “I can seethe yellow signs.” The same meaning could also be
expressd as enables (LINK (I, signs), I, see signs): “The visual link between
myself and the yell ow signs enables me to seethem.”

e enables (MATCHING (cogntive information “C53", environmental information
“C53’), I, have onrfirmation): “It tells me it’s boarding C53, so | have
confirmation abou that.”

SCALE

This shemais based onthe “more” or “less’ asped of human experience People use

the SCALE schemato understand quantitative anourt and qualitative degree

e more (congestion): “The aea aound the duty-free shops ®ans to be amore
congested area”

COLLECTION

People experience COLLECTIONS as sums of individual objeds. COLLECTIONS may
form areas, such as a COLLECTION of gates forms a gate aea Groupings of similar
destinations into zones fadlit ates wayfinding if these grougngs are dealy identified
(Arthur and Pasgni 1992).

o COLLECTION (ticket courters): “All ti cket courters are lined upin arow.”

FRONT-BACK

4 “Modal verbs, such ascan, may, must, could, might, are verbs that pertain to ou experience of aduality,
posshility, and recessty” (Johnson 1987 p48).



Although no included in Johrson's list of image schemata, this sans to be an
important orientational schema for wayfinding, e.g., “Having things always in front
of me seams to be more useful.” and “If | don't find the C, | go badk and retrace
myself.”

o infront of (I, signs): “I can seethe yellow signsin front of me.”

o dtraight ahed (I, signs): “There ae signsfor A straight ahead.”

VERTICALITY

Thisimage schemaisaso misingin Johnson'slist, but it isimportant for wayfinding

in airports, because many signs are nea the celing. The VERTICALITY schema is

structured bytwo pdnts and averticd dimension in-between them.

e VERTICALITY (signs, cdling): “Signs hanging from the celing.”

e abowe (signs, ticket courters): “There ae signs above them (i.e., the ticket
courters).”

e stand up(pill ar): “Thereisapillar standing up”

5.3 Structuring Wayfinding Tasks and Space with I mage Schemata

In order to structure the wayfinding task “find the way from the departure hall to the
gate” based onexperiental patterns, we use the sequence of subtasks and the extraded
image schemata. It is important that these cmncepts used to structure the gplicaion
space orrespond with the mncepts used by people & part of their perceptual and
cognitive processes; otherwise, such a representation “will be of little if any use to
geographers, spatial analysts, or geographic information systems users’ (Abler 1987).
In the following sedion we present the results of our analysis (i.e., the image-
schematic representation o the wayfinding task) for one subtask, using the interview
of Sedion 51. Similar analyses were performed for the remaining subtasks.

Subtask 2: Moving alongthe departure hall to find the pasgort control.

Transcript

Extracted Image Schemata

“Then | move dong to where it's going
towards pasgort control and | can see
the yellow signs direding me towards C
and an arrow.”

“l am supposed to be looking for
Istanbu and C53.”

“They have got the letters for the
destination yellow and they are using a
different color for the gates.”

PATH, LINK (I, pasgort control), SUR-
FACE (departure hall), CENTER-PERI-
PHERY (I, objeds of departure hall),
ENABLEMENT (PATH (I, pasgort con
trol), 1, move dong), OBJECT (pasgort
cortrol); LINK (I, signs), OBJECT (signs),
ENABLEMENT (LINK (I, signs), |, see
signs), COLLECTION (yellow signs);

looking for: LINK (I, “Istanbu” and
“C53"), MATCHING (cogritive informa-
tion“Istanbu” and “C53’, environmental
information “Istanbu” and “ C53");

BALANCE (yellow letters for destination
and dfferent color for gates)



“So, somehow my eyes are more
attraded to the yellow letters with the
city, andthen | look at the gate.”

“It tells me it’s boarding C53, so | have
confirmation abou that.”

“And again, the yellow signs are good”

“A, B, C, D for the different terminals,
so | am healing towards C.”

“It looks pretty clea. It is an open
space”

LINK, ATTRACTION (I, letters),
ENABLE-MENT (LINK (I, letters), I,
ATTRACTION (I, letters)); LINK (I, gate),
ENABLEMENT (LINK (I, gate), I, look at
gate);

MATCHING  (cogritive  information
“Ch3, environmenta information
“ C53’), ENABLEMENT (MATCHING

(cogntive information “C53", environ

mental information “C53’), |, have
confirmation);
BALANCE (yellow signs), SCALE

(yellow signs, good, COLLECTION
(signs), OBJECT (signs);

PATH, LINK, CENTER-PERIPHERY (I,
C), SURFACE  (departure  hall),
ENABLEMENT (PATH (I, C), |, healing
towards C);

BALANCE (spatia situation),
(spatia situation, pretty clea);

SCALE

Table 2: Transcript and image-schematic representation o subtask 2.




Figure 2: View from the departure hall towards pasgort control at Vienna
International Airport.

5.4 Superimposition of Image Schemata

People use avariety of image schemata to structure their wayfinding tasks in airports.

The previous analysis siows that most of these patterns are not experienced in

isolation, but are crrelated with ather image schemata. Such superimpositions of

schematic structures (Johnson 1987 pl25 occur, because it is difficult to fully
express a spatial situation wing orly one pattern. Typicd examples for such
superimpositions are:

e PATH + LINK + SURFACE: “I move to the ticket courter.” implies that there isa
LINK between the subjed’s current position and the ticket courter (i.e., a PATH).
The adivity of moving aff ords a SURFACE.

o At least one other image schema is needed to experience ENABLEMENT, eg., a
PATH between two pdnts enables people to walk from one point to the other;
visual LINKS between people and OBJECTS enable them to view these OBJECTS.

e VERTICALITY + LINK: Most often the VERTICALITY schemais experienced as a
verticd LINK, e.g., “Signs hanging from the celing.” implies such averticd LINK
between the signs and the caling.

e ATTRACTION + LINK: In many cases a visual LINK is a preoondtion for
experiencing ATTRACTION, eg., “My eyes are more dtraded to the yellow
letters.”

e CONTAINER + OBJECT: People experience signs as individual entities that
contain information, e.g., “I don't seeC explicitly listed in the yellow signs.”

e BLOCKAGE + OBJECT: BLOCKAGES are experienced when OBJECTS are in the
way, e.g., “A pill ar which might be blocking C.”

e COLLECTION + OBJECT: People perceive COLLECTIONS of things as well asthe
individual OBJECTS, e.g., “All ticket courters are lined upin arow.”

e Orientational image schemata, such as CENTER-PERIPHERY and FRONT-BACK,
are superimposed upon ¢her patterns in order to establish a diredional spatial
context.

Such superimpasitions or image-schematic blocks form an integral part of the
task-representation. They are usually complemented by someindividual patterns such
as orientational image schemata. The number of block-sequences may be apossble
indicaion for spacecomplexity in regard to ease of human wayfinding and shoud,
therefore, be taken into acourt during spatial design processs.

6. Conclusions and Future Work

This paper presented a methoddogy to structure wayfinding tasks and space with
image schemata. These eperiental patterns are part of people’s perceptual and
cognitive processes and help them to unckerstand a spatial environment. In order to
demonstrate the methoddogy we goplied it to wayfinding in airports. Image schemata
were extraded from interviews and then used to buld a knowledge-representation for
awayfinding task in airport space It was shown that such a representation consists of
tightly couped image-schematic blocks, complemented by individual patterns. We
argue that an image-schematic representation o the goplicaion spacematches better
with people’s red-world spatial interadions than coordinate-based models, which



negled people’s perceptual and cogritive processes. Therefore, the integration o
image schemata into the design process $ioud lead to more user-friendly spatial
environments.

Several diredions for future work in the representation d human cogntive
conceptsin spatial information systems remain open.

e 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 dready been made (Kuhn and Frank 1991 Rodriguez and
Egenhder 1997), but in order to represent and simulate complex processes such
as wayfinding, a more comprehensive set of image schemata must be formalized
in an integrated algebra. Such formalizations oud also take the force dynamics
of image schemata into consideration.

e The demonstration d our methoddogy is only based ona few interviews. More
human-subjeds testing is needed to verify the universality of image-schematic
blocks. Instead of using pctures to interview people éou their spatia
experiences, human-subjeds testing may be dore in the red-world application
space Many o the stresses of navigating in an airport, such as overcrowdedness
or timetroube, could influence adynamic knowledge aquisition. As Allen et al.
(19789 and De&kin (1996 pointed ou, the results of testing people’s atial
perceptions with a sequence of pictures may nat be equa to their perceptions
while walking throughthe adua environment. Also, interviews $oud be made
for different spatial environments, such as pullic transport buil dings, hospitals, or
libraries.

e The number of image schemata that are necessry for the succesful completion o
a particular task might be a indicaion for the complexity of a space This
asumption could be verified by comparing the same wayfinding task within two
different spatial environments and courting the number of occurring image
schemata per task as a metric. Our asumption is that people’'s wayfinding
performance in an applicaion space increases when the number of image
schemata per task deaeases.
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