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Wayfinding is a basic 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 acourt for this behavior. But most of the computational models focus on
knowledge representation (e.g., cogntive maps) and do nad consider the process of
structuring wayfinding tasks and space This thesis presents a methoddogy hbased on
image schemata to structure people’s wayfinding tasks. Image schemata ae reaurring
mental patterns (e.g., the CONTAINER or PATH schema) that people use to understand a
spatial situation. They are highly structured and gouncded in people' s experience

The aeaof our attention is airport spacewhich is used as a cae study. Many
airports are badly designed and passengers are often urfamiliar with the particulars of
the situations. We compare two seleded airports in regard to the eae of performing a
common wayfinding task. In order to do so, the methoddogy d structuring spacewith
image schemata is combined with a proposed wayfinding model. We show that
sequences of image schemata ae sufficient to describe wayfinding tasks in spatia
environments at an abstrad level. Therefore, they can be used to compare the complexity
of wayfinding tasks for different airports.



The integration d image schemata into the design pocess of spatia
environments such as airports (i.e., the implementation d our method in a computer
system) will help to identify architedural problems with regard to wayfinding pior to
construction. Our structuring methoddogy can be generalized and will, thereby,
contribute to the design d future geographic information systems that are suppased to
integrate dements of human spatial understanding.
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1. INTRODUCTION

The Earth is not a brute fad to be taken as
given, but always inserted between Man and
the Earth isan ‘interpretation’, astructure and a
perspedive on the world, an ‘enlightenment’
which revedsthered within thered, a point of
departure from which understanding develops.
Eric Dardel (1952: L'Homme et laTerre

People do wayfinding throughou their entire lives. They navigate from placeto place
using common-sense knowledge. Such knawvledge is mediated by structures and
caegories of understanding people’s daily experiences in the spacethey live (Johrson
1987. Wayfinding is a natural skill that people lean as gnal children (Piaget and
Inhelder 1967) and develop as they grow up. It takes placein many dfferent situations,
such as driving acossa courtry, wakingin a daty, or moving througha building (Gluck
199)). In al of these situations people have one thing in common: they use cmmmon-

sense knowledge of geographic space

Within the last yeas reseach on human wayfinding hes mainly dedt with the
exploration d cogntive representations and hes neither focused on the processes of
wayfinding (e.g., the information reeds) themselves (Gluck 1991 nor on the design d
gpatial environments. In ather words, most of the work has focused on what Norman
(1988 cdls“knowledge in the head” (i.e., internal knowledge) instead of “knowledge in
theworld” (i.e., externa knowledge). But as Norman argues, people do nd need to have
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al 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 @nstraints of the world (Norman
1988 p.54. Norman further states that much of the information people need to perform a
task is in the world and that the human mind is perfedly tail ored to make sense of this
world. Piaget and Inhelder (1967 have long since agued that spatial behavior and
spatia representations are very different. They distingushed between practical space
(i.e.,, ading in space and conceptua space (i.e., representing space. In order to buld
red-world spaces that are eay to navigate it is necessry to find ou abou how people
immediately understand spatial situations, i.e., how they make sense of pradicd space
while performing a wayfinding task. Our work focuses on properties of environments
(i.e,, “knowledge in the world”) as perceved and cognized by people and, therefore,
deds primarily with the exploration d pradicd space & defined by Piaget and Inhelder.
It isimportant to investigate people' s perceptual and cognitive structures in arder to be
able to 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
cogntively plausible way, because they integrate human spatial concepts. The
importance of human spatial cognition in the aea of geographic information systems
(GlS) isasoindicaed by various reseach agendas (Mark et al. 1997,UCGIS 1996.

1.1 WAYFINDING IN AIRPORTS

This thesis deds with wayfinding in airports—a speda case of moving through a
building. Passengers at an airport have to find their way from chedk-in to their gate, from
their gate to the baggage daim, and ketween gates. They are often in a hurry and must
avoid getting lost. This can be a difficult task, becaise 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 stresul
situations. In an emergency case things beaome even worse. One wuld see the
consequences just recently when a fire accdent happened at the Disseldorf Airport in

Germany.

On the 11th of April 1996 welding caused a big fire accident at the Diisseldorf Airport in Germany.

16 people died in the accident due to smoke-gas and 63 were severely injured.
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The airport management confirmed that during the fire a tape with wrong directions for
passengers was played. Because of this passengers hurried directly into the burning arrival hall. It

was highly difficult for the fire department to guide people into the secure departure hall.

A huge body of men from the fire department tried to rescue passengers out of the closed danger

zone until late night.

(Standard 1999

Bad architedural design (e.g., low passageways) was also bamed for the deally
outcome of this cdastrophe. Had the arport been constructed with the intention o
offering ravigational knowledge (e.g., finding the neaest emergency exit in this case)
throughits design alone, then it would have been easier for passengers to find their way
out of the building.

1.2 BACKGROUND OF THE THESIS

In order to make wayfinding easier for passengers at an airport it is necessary to design
airport spacein such away that it fadlit ates people’s dructuring processes of tasks and
space Buildings can orly be designed in a user-friendy way if one takes into acourt
how people understand and structure space Althoughmost of the literature has been
focusing on knavledge representation, some reseach has also been dore on the process
of structuring spaceitself, e.g., the achited Christopher Alexander developed a pattern
languege oonsisting o 253 atterns. These patterns are based onthe experientia nature
of things and help people to structure their environment (Alexander et al. 1977). Johrson
(1987 propased that people use so-cdled image schemata to understand the world in
which they live. Image schemata ae reaurring mental patterns that help people to
structure spacein order to know what to dowith it. These patterns are highly structured
themselves and gounded in people’ s experience

Image schemata fit into the caegory of so-cdled alternative onceptuali zations
or cogntive models of space—models that are built upon ople’ s experiences with their
environment. It has been argued that such conceptuali zaions have to be integrated into
future GIS in ader to match people’s thinking more dosely and, therefore, fadlit ate
people’ sinteradion with these systems (Mark 1989. The literature offers many dff erent
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cogntive cadegorizaions of space (Freundschuh and Egenhder 1997). Coucléis and
Gale (1986 proposed a forma framework based on agebraic structures of groups to
distingush six kinds of spaces. (1) pure Euclidean space (2) physicd space (3)
sensorimotor space (4) perceptua space (5) cogntive space and (6) symbadlic space
The gap between perceptua space, i.e., oijeds are gprehended through the senses at
one place ad oretime, and cogntive space, i.e., sensory images of objeds are linked to
elements of cognition, such as beliefs and knavledge, might just be adefinitional one
because there seems to be astrong conredion lbetween the two. As Lee (1973 pointed
out, percepts are not free of concepts, and concepts are not free of percepts. In arder to
link perceptual and cogntive space some bridges need to be built. A theoreticd
framework that forms one possble bridge was established by Taimy (1996. He aloped
the nation d ception which includes the processng d sensory stimulation, mental
imagery, and continuowsly experienced though and affed. Image schemata could be part
of such a framework becaise they are wgntive cncepts that also occur in the
perceptual domain. People sense these patterns visually, as well as they think about them
in an abstrad way.

1.3 GOAL AND HYPOTHESIS

The goal of this thesis is the development of a methoddogy to structure wayfinding
tasks and spacewith elements of human perception and cogrition. This methoddogy is
then used in combination with a propased wayfinding model to measure the complexity
of aparticular spacein regard to a cetain wayfinding task. The hypahesisis twofold:

o First, representing wayfinding tasks at airports through image schemata is an
appropriate methodto determine the aitical elements (i.e., the dhoices andclues) of a
wayfinding model.

e Semnd,these dements accourt for the cmplexty of the wayfinding tasks as rated by
travders.

1.4 RESEARCH DESIGN

The field of our reseach is human wayfinding in general and human spatial concepts
(i.e., perceptual and cogntive structures of space in particular. We do nd investigate
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representational aspeds, such as cogntive maps, bu focus on poperties of spatia
environments as immediately percaved and cognized by people. Ancther important
subfield that is of concern in thisthesisis human spatia reasoning.

Based on pevious work in the aeas of psychaogy, cogntive science artificial
intelligence, urban planning, architedure, and geography, we investigate the field of
human wayfinding. We look at the performance literature (i.e., empiricd studies on hav
people find their ways) as well as the competence literature (i.e., cognitive wayfinding
models). The latter includes sSmulations of spatial cogntive proceses using
computational models. In addition we ded with reseach on common-sense knowledge
and reasoning, and Naive Geography (Egenhder and Mark 1995. These aeas are
closely related to the methoddogy we develop later on.

Thereseach inthisthesisis divided into two major parts:

1.4.1 GENERAL METHODOLOGY DEVELOPMENT

The first part of our research focuses on the development of a general methoddogy to
structure wayfinding tasks and spacewith elements of human perception and cogntion.
We introduce the term image schema as the fundamental element of our methoddogy
and explain why it is of importancefor human common-sense reasoning and wayfinding.
Based onimage schemata we establish the general methoddogy that consists of four
sequential stages: (1) a task sequence is formulated; (2) during interviews people
describe their spatial experiences while performing a wayfinding task in the gplicdion
space (3) these interviews are analyzed and image schemata extraded; and (4) the
extraded image schemata ae used to structure the wayfinding task.

1.4.2 APRLICATION OF METHODOLOGY

In the second research part we gply the general methoddogy to wayfinding in airports
in arder to demonstrate its usefulness and applicability. We use the four steps of the
methoddogy in combination with a propcsed wayfinding model to compare the

1 Frank (1992 defines gatial reasoning as any reasoning processthat relates to oljeds in space
and makes use of their locdion, paition, shape, etc.
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complexity of two dfferent airports with regard to people performing a @mmon
wayfinding task. The two airports (i.e,, Vienna International Airport in Austria and
Frankfurt International Airport in Germany) were seleded based on the results of an
informal questionraire where we asked frequent flyers at what airports it was easiest or
most difficult for them to find the place they wanted to go. The results prove our
hypahesis becaise they show that sequences of image schemata ae sufficient to
describe wayfinding tasks in airports at an abstrad level and can be used to compare the
complexity of wayfinding tasks for different airports.

1.5 RELEVANCE OF THE WORK

Our methoddogy will help to design airport spacein such a way that it fadlit ates

wayfinding, kecause passengers can mainly rely on common-sense rather than expert

geographic knowledge. The expeded benefits are increased

e pasenger satisfaction—passengers will save time when dang certain tasks, such as
finding the right gate, emergency exit, or duty freestore;

e airport safety—in an emergency case people will find the emergency exits much
faster; and

e airline profitability—airlines will save money which they currently loose due to

pasengers and, therefore, airplanes being late.

An eventual implementation o the methoddogy will | ead to spatial information
and design systems that can be used to test airport spaceor other puldic buildings in the
design plese for complexity of particular wayfinding tasks people have to perform. The
structuring methoddogy will also highlight relevant concepts that are to be part of a
comprehensive theory of Naive Geography (Egenhder and Mark 1995. It will,
therefore, contribute to the design d future GIS that are suppased to suppat common-

sense reasoning.

1.6 ORGANIZATION OF THESIS

Chapter 2 o this thesis reviews the literature on the two aress of common-sense
knowledge and human wayfinding. In particular, it addresses empiricd studies of how
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people find their ways in various large-scde spaces—such as urban environments,
subway systems, and large buil dings—, and computational wayfinding models. Chapter
3 introduces image schemata & the main comporent of our methoddogy. We eplain
their meaning, show examples, and describe their importance for people's dructuring d
wayfinding tasks. Finaly, we show how image schemata relate to common-sense
geographic knowledge and human wayfinding. In Chapter 4 we present a methoddogy
to structure wayfinding tasks and space acording to these dements of people's
perception and cognition. We describe the four stages of the methoddogy—(1) task
description, (2) interviewing, (3) extrading image schemata from the interviews, and (4)
structuring wayfinding tasks and spacewith the extraded image schemata. In Chapter 5
the methoddogy is combined with a proposed wayfinding model to compare the
complexity of a cmmon wayfinding task in two dfferent airports. A summary,
conclusions, and dredions for future work are presented in Chapter 6 o the thesis.
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2. COMM ON-SENSE KNOWLEDGE OF GEOGRAPHIC SPACE AND
HUMAN WAY FINDING

Common senseis not so common.

Voltaire

Finding ore's way in an airport relies on a variety of elements. People have to make
intuitive and quck dedasions while & the same time they must avoid getting lost. In this
chapter we first review the state-of-the-art of two areas that ded with such topics, i.e.,
reseach on commonsense knowledge and human wayfinding. We then look at
empiricd studies of how people find their ways in dfferent large-scde spaces and
review computational wayfinding models.

2.1 COMM ON-SENSE GEOGRAPHIC KNOWLEDGE AND NAIVE GEOGRAPHY

2.1.1 COMMON-SENSE KNOWLEDGE AND GIS

Starting with people’s first experiences with the environment they are establishing
knowledge a&ou the world in which they live. People need such besic knowledge for
their everyday adivities, such as walking, eaing, shoppng, and leaning, and cdl it
comnonsense knowledge. It comprises many dfferent domains that have @mplex
interadions. Understanding a situation dten involves concepts of quantity, time, space
physics, plans, gaas, neals, and communicaion (Davis 1990. In this thesis we focus on
the domain o space independent of any cultural and individual differences.

Kuipers (1978 defines common-sense (geographic) knowledge as foll ows:

Comnon-sense knowledge of space is knowledge abou the physical
environment that is acquired andused, generally withou concentrated effort,

18



to find andfoll ow routes from one place to andher, andto store and se the
relative pasition o places.

The airrent generation d GIS suppats common-sense knowledge of geographic
space only insufficiently. Calculations in these systems are based on Cartesian
coordinate space(i.e., plane Euclidean geometry) and “the standard concepts of space ae
not always appropriate and force the user to transform tasks into often-inappropriate
form” (Frank 1993. People have to ded with incomplete information and are le to fill
in the missng gaps due to common-sense knowledge. It will be important for future GIS
to include common-sense knowledge and reasoning concepts that people adually use,
such as rules based on common sense, hierarchicd schemata, and intuition. As pointed
out by Egenhder and Mark (1995, today’s GIS ladk models that integrate different
kinds of spatial conceptsin a mgntively soundand dausible way.

Lifschitz (1999 finds a placefor the theory of common-sense reasoning in the
history of logic: “It provides an axiomatic basis for reasoning abou the world inhabited
by ‘agents’ like us—by agents who have beliefs and gals, who perform adionsin order
to reat these goals and, by dang so, change the state of the world.” He dso highlights
the use of defaults, ore of the main feaures of common-sense reasoning. Defaults are
values or propasitions that are suppased to be true unlessthere is information that says
otherwise.

2.1.2 QUALITATIVE REASONING

Instead of doing exad cdculations, people most often apply qualitative methods of
spatial reasoning (Frank 1996, Cohn 1995,Frank 1992, Freksa 1992 that rely on
magnitudes and relative, instead of absolute, values. When people perceve space
through dfferent channels they arrive & various kinds of information that are usually
qualitative in nature. People rarely move throughthe environment using rulers or tape
measures. When visually viewing a scene the result is a retina image that is of
quantitative nature, bu the knowledge people retrieve from this image is quditative
(Freksa 1991). Freksa agues that such knavledge is exadly what people neal for the
process of spatial reasoning and mentions three avantages. (1) expressve power of
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qualitative mnstraints based on their interadion (e.g., concept of transitivity), (2)
independence from spedfic values and scde, and (3) invariance under transformations.
As an example he introduces the aquarium metapha where observers can locae fish by
qualitative means, althoughthey have to ded with incomplete, impredse, and subjedive
knowledge. An important fedure that is used duing this processis cdled conceptua
neighbahood d relations: if relative positions of objeds change gradually, the dange
between neighbaing spatial relations is just stepwise (Freksa 1992, Egenhder and Al-
Taha1992.

People usually use topdogicd instead of metricd information. Topdogcd
properties of objeds gay invariant under such transformations as translations, rotations,
or scdings. By using abstrad geometricd analysis Piaget and Inhelder (1967
demonstrated that fundamental spatial concepts are topdogicd, bu not Euclidean at all.
They showed that children start to conceptualize space by bulding up and wsing
elementary topdogicd relationships, such as proximity, separation, ader, and enclosure.

2.1.3 NAIVE GEOGRAPHY

Naive Geography is a aurrent field of study that deds with common-sense geographic
worlds. It establishes the link between knowledge that people have @ou ther
surroundng geographic space ad the development of formal models that integrate such
knowledge. Egenhder and Mark (1995 define Naive Geography as the study d “the
body d knowledge that people have é&ou the surroundng geographic world.” This
definition is based on Hayes's (1985 definition d Naive Physics, a field that
investigates people’s knowledge of the everyday physicd world, such as people's
intuitive ideas abou falli ng rocks or evaporating liquids.

People use concepts of Naive Geography for spatia reasoning in their everyday
lives, therefore, reseach in this areawill help us to understand hav people think and
how they find their way in the geographic world. This information is essential in the
design processof particular spaces sich asairport space It hasto be the foremost goal of
the designer to creae microworlds in which people can easily move aound.Passengers
in an airport, for example, shoud be ale to find their ways withou a big effort, relying
exclusively on common-sense knowledge. In the cae of an emergency situation people
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must make intuitive judgments, becaise they do nd have the time to interpret
compli cated emergency signs.

Egenhder and Mark suggest two dfferent reseach methoddogies as part of the
framework for developing Naive Geography. These ae diredly related to the two
caegories of human wayfinding research (Table 2.1).

Naive Geography Human Wayfinding

The development of formalisms of naive Simulations of spatial cogntive processes

geographic models for particul ar tasks. using computational models (Sedion
2.3.2.

The testing and analyzing o forma Empiricd results of how people find their

models. ways (Sedion 2.3.).

Table 2.1: Relation between research methoddogiesin Naive Geography and caegories of human
wayfinding reseach.

2.2 HUMAN WAY FINDING

Human wayfinding reseach investigates the processes that take place when people
orient themselves and ravigate through space Theories try to explain how people find
their ways in the physicd world, what they need to find them, howv they communicae
diredions, and hav people’s verba and visual abiliti es influence wayfinding. Lynch
(1960 p.3 defines wayfinding as based on*“a consistent use and aganizaion d definite
sensory cues from the external environment.” Wayfinding takes placein many dfferent
situations in which people find themselves, such as driving acossa @urtry, walking in
a dty, or moving through a building (Gluck 1991). The ultimate goa of human
wayfinding is to find the way from one placeto ancther. The spacein which human
wayfinding wually? takes placeis cdled large-scde space (Kuipers 1978. Becaise

2 Human wayfinding can also take placein virtual spaces, such as virtual geographies for the
World Wide Wé (Dieberger and Bolter 1995 or maps. This thesis focuses on wayfinding in

large-scde space
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objeds are larger than people and can, therefore, na be moved, people have to navigate
throughlarge-scde spacein arder to lean abou it. Examples for large-scde spaces are
landscapes, cities, and howses. Complementary to large-scde spaceis snall-scde space
whose objeds are smaller than people (e.g., things on a desktop). Small-scde space
objeds are the domain of Euclidean geometry and they are usually manipulable (Ittelson
1973,Downs and Steal1977).

2.2.1 SPATIAL KNOWLEDGE AND COGNITION

People neead to have spatial knowledge and various cognitive ailiti esin order to succeeal
in wayfinding (e.g., reading a map o following a path). Human spatial knowledge of
geographic space is assumed to consist of three levels: (1) landmark knowledge
comprises slient paoints of reference in the environment, (2) route knowledge puts
landmarks into a sequence (e.g., ravigation peths), and (3) survey or configurationd
knowledge alows people to locae landmarks and routes within a general frame of
reference (i.e., incorporating Euclidean measurements) (Siegel and White 1975. The
cogntive 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 cogritive ailiti es than navigating
from one room to ancther in a house. People ae usualy good in applying their
individual skill sto the task at hand: if their spatia skill s are week, they use verba skill s
to navigate, and viceversa (Vanetti and Allen 1988.

2.2.2 COGNITIVE MAPS

To succesdully perform wayfinding, people neel clues within their environment (i.e.,
knowledge in the world) or representations of spatial knowledge @ou their
environment. One useful metapha suggests that people have acogritive map in their
heals (Kuipers 1982—a mental representation that corresponds to people’s perceptions
of the red world—although a@her metapha's, such as cogntive @llage ad spatia
mental mode (Tversky 1993, or cogntive dlas (Hirtle 1997 have dso been proposed.
Despite the fad that these representations are cdl ed spatial, it isimportant to ndice that
our memory has to integrate spatia information with nonspatial information (Gérling et
al. 1989. Considering the processof aaqquiring spatial knowledge of an environment, the
cognitive map develops from a mental landmark map to a mental route map and shoud
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eventualy result in a mental survey map. The last stage is closest to a catographic map,
thoughit still contains inacarrades and dstortions3. Davis (1990 points out two main
differences between cogntive and catographic maps. a cgrnitive map may consist of
different knowledge structures and it has to integrate incomplete, impredse, and
subjedive knowledge. This is usualy nat the cae for cartographic representations that
represent information orly pictorialy and are reasonably acarate and complete. People
construct and develop their cogntive maps based on the recrding d information
through perception, retural language, and inferences. Complex environmental structures
can lead to dower development of cogritive maps and aso to representationa
inacarrades. Considering the structure of cogntive maps, there e&ist two classes of
theories: hierarchicd and nonhierarchicd. Recent studies suggest that a hierarchicd
model is more gpropriate for cogntive maps than a nonthierarchicd (Hirtle and
Heldorn 1993. It includes distinct patterns of encoding spatial information at locd (e.g.,
Euclidean knowledge) and dobal levels (e.g., topdogicd knowledge). Hierarchies can
either be based onexplicit evidence such as physicd boundxries, or implicit evidence,
such as ssmantic and functional clusters (McNamara et al. 1989. Hierarchicd structures
are even imposed in spaces withou any inherent structure. One nsequence of
hierarchies in cogntive maps is that they may have a influence on wayfinding
performance (i.e., hias in spatia judgments such as distance etimates) (Hirtle and
Jonides 1985. This effed was also confirmed in astudy by Golledge et al. (1985 where
a hierarchicd representation d route dements was foundto acourt for different errors
depending onthe dhoice point and the complexity of the segments.

Reseachers from various disciplines have thorougHy investigated the role
cognitive maps play in spatia behavior, spatial problem solving, aoquisition, and
leaning (Kitchin 1994. Much less however, has been found ou abou how people
immediately understand dfferent spatial situations whil e performing a wayfinding task.
Gluck (1991) points out this ladk of information by arguing that previous work on
wayfinding concentrated onthe description d the cogntive map and regleded affedive
and logisticd concerns in most of the caes. As an dternative gproad Gluck suggests

3 According to Lynch (1960, these arors in cogritive maps are most often metricd and rarely
topdogicd.

23



to explore the information reeds. He further envisions a typoogy d wayfinding
scenarios and propases the use of the sense-making investigation method.

Thus*“ sense-making” is a creative human processof understandng the world
at a paticular point in time and space limited by our physiological
capacities, our present, past andfuture (Gluck 1991 p129).

Such understanding can be seen as a snapshat of common-sense knowledge of space ad
time andis, therefore, important for the processof common-sense spatial reasoning. The
ideabehind the sense-making method is to look at the wayfinding processitself instead
of looking at the representation (i.e., the amgntive map).

2.3 HUMAN WAY FINDING PERFORMANCE

Human wayfinding reseach can be divided into two caegories (Gluck 1991):
performance and competence (Sedion 2.4. The literature on performance discusses
empiricd results of how people find their ways. Investigations are based on colleding
individual’s perceptions of distances, angles, or locaions. An example for a typicd
experiment is the pairwise judgment of distance between pants. Such experiments help
in describing feaures of the agnitive map.

Kevin Lynch’'s (1960 “The Image of the City” is the first documentation o
human wayfinding reseach in the literature. In astudy he asked people of threeUS cities
(i.e., Boston, Los Angeles, and Jersey City) how they viewed their city—what they liked
and dsdliked. His goal was to develop a method for the evaluation d city form based on
the concept of imageahility4, and to offer principles for city design. As part of the
interviews people had to perform mental trips aadosstheir cities, describing the sequence
of things and landmarks they would see &ong the way. Eventually they were asked
whether it was easy to find their ways in the dty or not. Based on hs investigations
Lynch dvided the contents (i.e., the physicd forms) of the aty imagesinto five dasses:
(1) paths, (2) edges (i.e.,, boundries), (3) districts (i.e., regions), (4) nodes, and (5)

4 “Imageabhility: that quality in a physicd objed which gves it a high grobability of evoking a
strongimagein any gven observer.” (Lynch 1960 p.9
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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 wayfinding reseach.

It has been established that people lean abou their environment incrementally
(levels of human spatial knowledge, Sedion 2.2.). First, they derive knowledge éou
landmarks. The fad that judgments concerning landmarks are faster, indicaes that
people tend to gve them a spedal status. During the next step landmarks are conreded
through routes. Routes have adirediona basis and are subsequently integrated into a
whole network. Organizaion d routes in such a network is primarily topdogicd. At the
final stage of the leaning processpeople arive & knowledge of efficient links between
locaions (i.e., survey knowledge). Such knowledge comprises information abou
distances and aientation. Gérling et al. (1983 asuume that wayfinding is not possble
unlessorientation is maintained (e.g., the orientation d you-are-here-maps sgnificantly
influences the aility of people to succesSully complete wayfinding tasks). They aso
state that distance etimates have adiredional basis and generaly tend to be less
acarate than dredion estimates. The acumulation d survey knowledge & the final
stage of a spatia leaning processis not undsputed. In a study abou the development of
cogntive mapping abiliti es of student nurses in a hospital, Moeser (1988 found that
mental representations of survey maps do nd develop automaticdly in al geographic
spaces. The author blamed this fad on the complexity and bad design (e.g., ead floor
designed dfferently, no main corridors, no redanguar rooms) of the bulding and
further suggested that architeds—in addition to functionality of a building—shoud also
consider people’ slimitationsin developing mental representations of their surroundngs.

Weisman (1981) identified four classes of environmenta variables that influence
wayfinding performance within bult environments: (1) visua access (2) the degree of
architedural differentiation, (3) the use of signs and room numbers to provide
identification a dirediona information, and (4) plan configuration. His results were
confirmed by dher 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 also investigated. The performance of
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subjeds with restricted sight using floor plans improved as fast as that of subjeds with
no restricted sight, floor plans, therefore, counterading the negative dfed. In another
study Géarling et al. (1986 proposed to classfy the eavironment by examining the
degree of differentiation, the degree of visual access and the cmplexity 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'Naill
(19914, 19911). His results showed that an increase in floor plan complexity leads to a
deaease in wayfinding performance The presence of signage was an important fador
but coud na compensate for floor plan complexity. A difference between the use of
textual signage and gaphicd signage was also found textual signage produwced geder
acarracgy (i.e., lesserrors) whereas graphicd signage enhanced the rate of travel. Seidel’s
(1982 study at the Dall as/Fort Worth Airport confirmed that the spatial structure of the
physicd environment has a strong influence on people’'s wayfinding behavior. For
pasengers arriving at the gate with dred visua accessto the baggage daim wayfinding
was easier. In addition to Weisman's four classes of environmenta variables, people's
familiarity with the environment aso has a big impad on wayfinding performance
frequency of prior use had a big fadlit ating effed in unversity buldings (Garling et al.
1983 aswell asin airports (Seidel 1982).

Reseach on people’s wayfinding performance has been particularly helpful for
establishing pradicd guidelines on howv to design pubdic buildings in order to fadlit ate
wayfinding. Architeds san to have wme to the cnclusion that fadlitating people's
wayfinding reeds more than puting upsigns, becaise most of the time signage caana
overcome achitedural falures (Arthur and Pasgni 1992. Therefore, wayfinding
principles have to be cmnsidered duing the design process—bath for the overal spatial
structure and for the formgiving feaures. Some guidelines (Arthur and Passni 1992,
1990—despite focusing on the design and dacement of signage—highly stress the
importance of architedural fedures. In “1-2-3 Evauation and Design Guide to
Wayfinding’, Arthur and Pasgni (1990 pA-1) introduce the term environmental
communicaion (i.e, “transfer of orientation, wayfinding (diredion), and aher
information within the built environment, by means of signs and aher communicaions
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devices or architedural fedures to enable people to read destinations’), arguing that the
built environment and its parts oud function as a @wmmunicaion device Such
communicaion shoud begin a the outside of a building: the outside form is very
instructive to the user, becaise it usually gives an impresson d the building's interna
spatial organizaion. Arthur and Passni mention two major aspeds regarding the
understanding d buildings: (1) a spatial asped that refers to the total dimensions of the
building (e.g., wall s enclose space ad elements sich as an interior atrium bredk it up)
and (2) a sequential one that considers a building in terms of its destination routes.
Destination routes dhoud eventualy leal to so-cdled destination zones. These ae
groupngs of similar destinations within buldings into clealy identifiable zones (Arthur
and Pasgni 1992. In oder to fadlitate wayfinding to such destination zones the
circulation system® shoud be of a form people can easlly understand. It is further
suggested that fewer dedsion pants on any route and redundancy in wayfinding
information are dso faalitating effeds. Based on an investigation abou the nature of
orientational problems users facal while traveling on the New York City subway,
Bronzdt et al. (1979 suggested several improvements to be made in future design:
consistent coding d information, applying structural detail s in a systematic and coherent
fashion, presenting structure and operations of the system in dfferent forms (i.e., to
allow the user getting detailed information when needing it, bu also seang the entire
system), and integrating colors as a type of coding for informational aids.

2.4 COMPUTER MODELSFOR WAYFINDING

In addition to empiricd studies of performance (Sedion 2.3, cogntive wayfinding
models have been investigated in what is referred to as competence literature. It includes
simulations of spatial cogntive processes using computational models. Hirtle and
Heidorn (1993 emphasize the importance of distingushing ketween computational
models of human cogritive processes and computational systems that perform the same

task withou paying much attention to human aspeds. Cognitively based computer

5 “Circulation system: the overal horizontal and werticd pedestrian paths of a setting;
circulation systems can be organized ona linea, central, compasite, or network basis’ (Arthur
and Passni 1992 p.223
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models generaly simulate awayfinder that can solve route-planning tasks with the help
of a agntive-map-like representation. This map consists of leaned landmarks and
paths, and bulds the foundition for navigation. The focus of these models is to find ou
how spatial knowledgeis gored and used, and what cogriti ve processes operate uponit.

The TOUR model is considered the starting pant for a computational theory of
wayfinding (Kuipers 1978. It is a model of spatial knowledge whose spatial concepts
are based mainly on olservations 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. Besides deding with states of partial knowledge his main
focus of attention is the agritive map which he defines as “the physicdly unolservable
structure of information that represents gatial knowledge.” Kuipers takes threediff erent
metaphars (i.e., “map in the head”, “map like anetwork”, and “map like a céog o
routes’) for the agntive map and combines them into ore common framework.
Knowledge in this cogntive map is divided into five cdegories. (1) routes (i.e.,
sequences of adions), (2) topdogicd stred network, (3) relative position o two places
(i.e., vedor within coordinate frame), (4) dividing boundries, and (5) containing
regions. This knowledge is represented through environmental descriptions, current
pasitions, and inference rules that manipulate them (i.e., if a cetain set of condtionsis
true, then the rules trigger some adion). Different kinds of knowledge ae stored in these
representations and rew information is assmilated. Becaise TOUR copes with
incomplete spatial knowledge of the environment, it leans abou it by assmilation o
observations into the given structure. To describe orientation in the ealy TOUR model,
eight headings at 45 degreeintervals are used. But Kuipers paints out that people do nd
adually use such numericd values when arienting themselves in the eavironment. A
subsequent applicaion to this computational model of the human cogritive map uili zes
an approadh to roba leaning besed on a hierarchy of types (i.e., sensorimotor
interadion, pocedural behaviors, topdogicd mapping, and metric mapping) of
knowledge of the roba’s snses, adions, and spatial environment (Kuipers and Levitt
1988. With this smantic hierarchy approach a computational model is built that
expreses the complexity and moduar structure of a nortrivial domain of human
knowledge. It suppats the paositionthat a mwmplex body d knowledge is not acquired by
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a single representation and leaning algorithm but by a highly structured medanism
consisting d severa distinct and interading representations and leaning algorithms.

Severa other cogntively based computer models (e.g., TRAVELLER (Leiser
and Zilbershatz 1989, SPAM (McDermott and Davis 1984, ELMER (McCalla et al.
1982) have been developed to smulate leaning and poblem solving in spatia
networks. A modd of spatial leaning that integrates concepts from both cogntive
psychoogy and artificial intelli gence was creaed by Gopal et al. (1989: NAVIGATOR
represents basic comporents of human information pocessngp, such as filtering and
seleding (i.e., important landmarks), and forgetting. In the model, two views of a
sububan environment—an oljedive axd a subjedive (i.e, cogntive) one—are
complemented by cognitive processs relating to spatial leaning and ravigation. The
cogntive map is modeled through a hierarchicd network consisting d nodes, links,
subnoces, and sublinks’. The goal of this computer model was to investigate how the
process of extrading and uwsing environmental information is condwted by the
architedure of human information grocessng.

The focus of these ammputer models lies primarily in the aedion and exploration
of the mgntive map: how it is gructured, what transitions occur during the leaning
process etc. However, they do nd tell the whole story of how people find their ways.
Golledge (1992 argues that most of the computer models do nd simulate the behavior
of human wayfinders, because they fal to integrate asymmetric distances and
diredions®. Furthermore, these models do nd include individual wayfinding criteria,
such as minimizing travel time and/or distance minimizing effort and/or stress or
minimizing the dhance of getting lost by taking longer but more familiar routes. People
also lean dfferently: instead of exploring a spatial network sequentially they choase
sedors based on even a smal piece of information (e.g., hypdhesizing that the

6 The information rocessng framework is a dominant paradigm in cogritive psychology. Its
goal isto analyzethe structures and mental processesinvolved in the performance of a agntive
task.

7 This approach is also cdled neurologicdly based information processng.

8 |t has been shown that people perceave distances diff erently depending onwhether they are to
or from alandmark.
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destination is to the north). With their own approach Golledge et al. (1989 tried to
overcome some of the limitations of other computational wayfinding models. Their
model of route leaning is based onfour isues: (1) acquisition and representation based
on episodic experience and subsequent generalization, (2) different types of knowledge
and forms of representation, (3) systematic inacarrades and dstortions in the agnitive
representation, and (4) behavioral errors associated with inacarate and herarchicdly
organized knowledge. The mnceptual model itself consists of the set of adions of the
individual, the set of structures encoding knavledge &ou the task environment, the set
of cogntive proceses (i.e, percaving, storing, retrieving, and reorganizing
environmental knowledge) operating onthe knowledge structures, and the set of control
processes determining the interadion d the deasion-maker with the environment. One
result of the empiricd anaysis conducted to test the model showed that knowledge ébout
salient wayfinding pants along a route cnsists of four types of nodes. The origin and
destination noaks establish the task environment. Cue and fedure knowledge was found
to be highest there. On the next hierarchicd level there were seaond and third order
nodes identifying key choice points for adions (e.g., a diredion change). Next, there
were lower order nodes nealed to clarify the locaion d choice paints (e.g., signaling a
diredion change). Findly, there were miscdlaneous cues that could also be non
permanent feaures but had sufficient impad to guarantee recdl for a spedfic task.
Althoughwith the inclusion d behaviora and representational errors this model seans
to be an improvement over previous ones, Golledge (1992 later argued that more
reseach on human understanding and use of spacehasto be done. He dso mentioned the
posshility of spatial knowledge not being well described by existing theories or models
of leaning and undrstanding.
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3. IMAGE SCHEMATA

My body-the placesit knew, so many placss, ...
(Miller 1963

In this chapter we discussthe mncept of an image schema as the main comporent of our
methoddogy. We eplain their meaning, show examples, and describe their importance
for people’s gructuring d wayfinding tasks. Finally, we show how image schemata
relate to common-sense geographic knowledge and human wayfinding (Chapter 2).
Image schemata ae cncepts people use to understand space (Johrson 1987. By using
elements of human perception and cogntion, such as image schemata, ore can generate
spatial representations that match better with people’ s red-world spatial interadions than
models that are solely based onEuclidean geometry. Such representations form the basis
for spatial information and design systems creaed to simulate red-world applicaions
such as wayfinding tasksin a agntively plausible way.

3.1 WHAT ARE IMAGE SCHEMATA ?

For alongtime there has been a paradigm in science, cdled Objedivism, which assumes
a fixed and determinate mind that is independent from redity. Objedivists assume that
meaning consists only of relationships between abstrad symbals and elements in red-
world models. Therefore, corred reasoning is achieved by logicd manipulation d such
symbals and elements. This paint of view obviously lacs a placefor people, becaise the
Objedivist’s world stays the same, whether there ae people in it or not. But in order to
crede mputer systems that integrate human spatial concepts, it is necessary to
understand what people grasp as meaningful. Johrson (1987 suggests that “meaning is
always a matter of human understanding, which constitutes our experience of a wmmon
world that we can make some sense of” and that we shoud be cncerned with “how red
human beings reason and nd with some ided standard of rationality.” He further argues
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that “any adequate acourt of meaning and rationality must give a cetra placeto
emboded and imaginative structures of understanding by which we grasp the world.”
Johrson proposes that people use reaurring mental patterns to comprehend and structure
their experience while moving through and interading with the environment. He cdls
these patterns image schemata.

An image schema is a reaurring, dynamic pattern of our perceptual
interactions and motor programs that gives coherence and structure to ou
experience.

..these image schemata are pervasive, well-defined, and full of sufficient
internal structure to constrain ou understandng and reasoning (Johnson
1987).

Table 3.1 gvesasdedivelist of Johnson's (1987 p.12%image schemata.

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 3.1: Seledivelist of image schemata (Johnson 1987 [il26).

3.2 EXAMPLE IMAGE SCHEMATA

Image schemata ae more astrad than mental pictures, becaise they can esentialy be
reduced to topdogy, and lessabstrad than logicd structures, becaise they are anstantly
operating in people’ s minds while people ae experiencing the world (Johrson 1987. An
image schema can, therefore, be seen as a very generic, maybe even unversal, and
abstrad structure that helps people establish a cnredion between dff erent experiences
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that have this sme reaurring structure in common. The following examples are
illustrative in this resped:

e Example3.1 Tom isentering the building (Figure 3.1).

e Example 3.2 Tom is pouing coffeeinto a aip (Figure 3.2).

Figure 3.1: Large-scde mntainment. Figure 3.2: Small-scde mntainment.

These experiences are obviously different from ead ather. Example 3.1 ccaursin large-
scde space while example 3.2 happens in small-scde space It is nevertheless possble
to conred the two situations through the so-cdled CONTAINER schema. This image
schema represents containment which people often face in their everyday lives. In
example 3.1 Tom is experiencing the building kased on the internal structure of the
CONTAINER schema—a building hes an inside, an ouside, and a boundry. By crossng
the boundary (i.e., entering the buil ding througha doa) Tom is moving from the outside
into the inside of the bulding. In example 3.2 Tom is again experiencing a
CONTAINER—a aup hes an inside, an ouside, and a boundxry. By pouing coffee into
the aup Tom is moving liquid from the outside into the inside of the aup. One ca see
that the CONTAINER image schema establi shes an experiential connedion between these
two dfferent situations. The common structure is that of an in-out orientation.
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Image schemata (i.e., thelr interna structures) can aso be metaphaically®
projeded from the physicd to the nonphysicd. One and the same image schema can be
instantiated in dfferent domains, if these domains are structurally related. The foll owing
examples show such structural relation:

e Example 3.3 Michad isgoing hane from his office (Figure 3.3).

e Example 3.4 Michad wantsto gothe extramileto get an A in this course.

Figure 3.3: The PATH schemain the physicd.

Example 3.3 shows the so-cdled PATH schema in the physicd. This image schema is
built uponthe following structure: a starting pant (i.e., Michad’s office), an endpant
(i.e,, Michad’s home), and a onredion bletween these paints (i.e.,, locaions on
Michad’s way from his office to his home). Based onthis interna structure the PATH
schema can be metaphaicdly projeded orto nonphysicd domains, such as the one
shown in example 3.4. Michad’s abstrad purpose of getting an A is metaphaicdly
expressed asaphysicd goal.

The previous examples $ow that image schemata and their metaphaicd
projedions have sufficient internal structure to constrain people€’s meaning and

reasoning. Thisis the reason why image schemata ae important for the dynamic process

9 Johrson (1987 p.xv) describes metaphar “as a pervasive mode of understanding bywhich we
projed patterns from one domain of experience in order to structure another domain o a
different kind”
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of wayfinding: in order to perform a wayfinding task people need to uncderstand spatia
situations (i.e., grasp the meaning d spatial situations) and based onthis understanding
deade which way to go(i.e., reasson abou the wrred way). Johrnson (1987 elaborates
onthe cae of waking:

When | walk, for example, | must recognize patterns in my environment to
which | respond onthe basis of the structures | perceve It is true that my
body does this respondng, and | am nat performing a rapid set of rule-
governed calculations; ye, | must at least perceive cetain structures which
dired, shape, and help me to monitor my skillful responses, with varying
degrees of adequacy (Johnson 1987 pl86).

Image schemata help people to relate previous experiences with current environmental
perceptions in order to understand the dharaderistics of a particular spatial situation. The
dynamics of image schemata makes it possble to adapt to new situations immediately.

3.3 RELEVANCE OF IMAGE SCHEMATA FOR SPATIAL APPLICATIONS

The fundamental role that image schemata play in the design d GIS user interfaces and
of GISin genera has been stressed by Mark (1989:

Optimal GIS interfaces will be based on the same image-schemata that are
used when the person involved interacts diredly with the real-world
phenomena represented in the GIS (Mark 1989 p551).

In the cae of wayfinding the importance of image schemata is equally evident. If space
isto be designed to fadlit ate wayfinding, it is necessary to represent wayfinding tasks in
the design processin the same way as people structure them in the red world. These
tasks can then be tested within computer models of the particular spacein ader to
evauate if such spaceiswell enoughstructured to faalit ate wayfinding.

The relevance of image schemata for spatial applications was also shown by
Freundschuhand Sharma (1996. In a pil ot study they assessed the geographicd content
of children’s narratives and investigated the relationship between locaives!© and spatial

10 | ocatives are words that describe relationships between paces, e.g.,in, on, unér, and rea.
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image schematall. One of their results was that books for different age levels utilized a
standard set of locaives, suggesting the posshility to expressmost spatia relationships
(i.e., spatia image schemata) with few locaive terms. They aso foundindicaions that
some image schemata (e.g., the CONTAINER schema) are more fundamental than athers,
demonstrating a possble developmental sequencein the building and comprehension o
spatial image schemata.

Johrson claims that, athoughimage schemata can be drawn as diagrams and
represented propasitiondly, it is not posgble to cepture their continuows nature &
structures of people’'s understanding. However, in arder to use image schemata for
measuring space omplexity within spatia information and design systems, it is
necessary to formally describe their internal structure and relationships. Formalizations
of image schemata have used algebraic spedficaions (Kuhnand Frank 1991,Rodriguez
and Egenhder 1997). Kuhn and Frank employed the technique of algebraic
spedficaions for the formali zation d metaphas and image schemata in user interfaces.
They argued that “formal approadies to design are mostly motivated by the need to
evaluate design.” This goes for the design d user interfaces as well as for the design d
airports and aher large-scde spaces.

3.4 IMAGE SCHEMATA RELATED TO COMM ON-SENSE GEOGRAPHIC KNOWLEDGE

AND HUMAN WAY FINDING

In Chapter 2 we described the aeas of commonsense knowledge and human
wayfinding, and reviewed empiricd studies and cognitively based computer models of
how people find their ways. Image schemata relate to common-sense knowledge—and
particularly to Kuiper's definition d common-sense geographic knowledge (Sedion
2.1.0)—through the way people gply image-schematic structures to use the physicd
environment withou concentrated effort (i.e., throughcommon sense). For example, in
order to follow a route from one placeto ancther, people gply the PATH and SURFACE
schemata. Image schemata can be seen as part of the topdogicd information that is
esential for common-sense reasoning (Sedion 2.1.2: relating image schemata to red-

11 Most image schemata ae related to space ad, therefore, cdled spatial image schemata.
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world situations and oheds is clealy based ontopdogicd concepts (e.g., people can
relate abuilding to the CONTAINER schema becaise they percave its inside-outside
structure). Image-schematic reasoning is also qualitative (Sedion 2.1.2 becaise people
do nd use &solute values—such as the exad position d an entrancewithin a wordinate
system—in their everyday lives. Findly, formalizaions of image schemata will
contribute to the development of Naive Geography (Sedion 2.1.3: the result of our case
study can be @mnsidered as part of a naive geographic model for the particular task of
wayfindingin airports.

In his proposal to use the sense-making method for the investigation d human
wayfinding pocesses (Sedion 2.2, Gluck (1991 cdls for an exploration d the
information reeds—what information people need in oder to understand their
environment at a particular point in time. Image schemata offer a way to describe such
an immediate grasp o meaning: in arder to understand the world at a particular point in
time people gply image-schematic structures to spatial situations.

The literature of performance and competence (Sedions 2.3 and 2.9 off ers many
general principles and condtions for human wayfinding. It investigates how people lean
abou their environments and hav they mentally organize spatial knowledge. Our
methoddogy d structuring wayfinding tasks and spacewith image schemata contributes
to the question d how people immediately understand and we ther spatia
environments. Thisis different from explaining hav these environments are leant: even
when having a “perfed” cogntive map, people still have to make sense of spatial objeds
they percavein arder to know what to dowith them. In this snse our approach dces nat
contradict the idea of a cgntive map, a other wayfinding principles, bu forms a
necessary supdement within the aeaof environmental interadion.
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4, A METHODOLOGY TO STRUCTURE WAYFINDING TASKS WITH
IMAGE SCHEMATA

Imagination is more important than knowledge.
A. Einstein

In this chapter we present a methoddogy to structure wayfinding tasks and space
acording to elements of peopl€’s perception and cogntion. It utili zes the @wncept of the
image schema which was explained in detail in Chapter 3. Such a methoddogy all ows
for the development of spatial models that are doser to human perception and cogntion
of a red-world space than models based on Cartesian coordinate systems. This is
important for the design d user-friendy environments that fadlit ate wayfinding. The
methoddogy consists of four sequential stages (Figure 4.1): (1) a task sequence is
formulated; (2) during interviews people describe their spatial experiences while
performing a wayfinding task in the goplication space (3) these interviews are analyzed
and image schemata extraded; and (4) the extraded image schemata ae used to structure
the wayfinding task.
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Task Description— Modeling Part—
Sequence of Subtasks Independent of the User
Interviews Behavioristic Part—
User Participation

'

Interview-Analysis—
Extraction of Image Schemata

Modeling Part—
Independent of the User

Structuring Wayfinding Tasks
and Space with Image Schemata

Figure 4.1: The four stages of the methoddogy to structure wayfinding tasks and spacewith image
schemata.

4.1 TASK DESCRIPTION

Animportant asped at this dage isthe subdvision d tasks into sequences of subtasks. A
task is defined as a process within a spedfic time frame and consists of a source (i.e.,
start) and a target (i.e., end). Tasks are composed of subtasks and are cdled complex if
they are not atomic, i.e.,, canna be subdvided into tasks. In the arport case study
(Chapter 5) the timeline of atask is based onthe subtasks people have to perform in a
sequential order (e.g., chedingin, moving through @sgort control, etc.).
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4.2 INTERVIEWS

Interviewing is a method to record behavior (Agar 1996. Tobler (1976 suggested
interviews as a means of recording mental maps. Althoughthere has been the mwmmon
view in artificial intelligence that expert knowledge can be much easier extraded than
common-sense knowledge, Hayes (1985 states that basic intuitions are nea the surface
and relatively accessble by introspedive interviewing. At this dage of the methoddogy
we use interviews to recrd 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 imagine performing a wayfinding task in the
applicaion space

4.3 EXTRACTION OF IMAGE SCHEMATA FROM INTERVIEWS

The third step of the methoddogy 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. Language has been used for
studying spatial cogrition, kecause “grammar and syntax of a language, its lexicon and
etymology, its mantics, pragmatics, and use dl can provide valuable information and
insights abou human spatial cogntion (Mark 1997.” 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&ker’s mind while
making a statement can be inferred from the preposition wed (Mark 1989. The same
approach was also used by Freundschuh and Sharma (1996 (Sedion 3.3. Our way of
extrading image schemata from natura-language descriptions exploits the proposed
conredionto spatial locatives (i.e., prepasitions) as well as smantic conndation.

In arder to anayze and compare the extraded image schemata we use asemi-
forma representation o them (Sedion 4.5 presents two examples of formal
representations). We dhocse a representation in the form of predicaes in which the
predicate name refers to the image schema and the aguments refer to the objed(s) that
are invaved in the image schema. Arguments can also be image-schematic structures
themselves. Sequences of predicaes are then also sequences of image schemata &
observed and wsed by people. Some of the image schemata occur via metaphaicd
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projedions to describe non-spatial situations (Sedion 3.2. In the following sedion we
present a short description d the extraded image schemata, the semi-formal structures
applied to extrad them, and examples for their occurrencein natural-language terms. We
distingush between image schemata and orientationd image schemata.

4.3.1 IMAGE SCHEMATA

CONTAINER

A CONTAINER has an inside, an ouside, and a boundxry, and represents the idea of

containment. In airports people gply the CONTAINER schema to buldings as well as to

gates, and viametaphaicd projedionto signs.

e IN_CONTAINER (I, departure hall): “I am in the departure hall .”

The CONTAINER schema is inferred from the preposition in. With reference to the
departure hall the subjed isether in or out.

e IN_CONTAINER (C51-62, range of gates): “C51to 62are within the range I’ m looking
for.”

The CONTAINER schema is inferred from the prepaosition within. It is used
metaphaicdly becaise “C51to 62 are not physicdly contained within the “range of
gates.”

o CONTAINER (gate): “1 enter the gate.”

By moving from the outside to the inside of the gate the subjed is entering a ontainer.

e OUT_CONTAINER (I, waiting areg: “I' m outside the waiting area”

LINK

People relate mnneded oljeds via LINKS. Such LINKS occur both in ou spatia and
temporal experience Airport pasengers try to establish visual LINKS between their
current position and the locaion d the objed they are looking for (e.g., a sign). LINKS
(not necessarily visua LINKS) are transitive. For example, if a LINK exists between the
passenger’s position and a sign, and another LINK between the same sign and an oljed
location, then thereisaLINK between the passenger and the objed.

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

A visua LINK between the subjed and the yell ow signs.

e LINK (ticket courter, ticket courter, ...): “All ticket courters are lined upin arow.”
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The ticket courters are perceved as conneded ojjeds.

e LINK (bluesigns, signs): “The blue signsrefer to the other signs.”

There «ists a semantic linkage between the blue sign and the other signs, therefore, the
LINK schemaisused viametaphaicd projedion.

e LINK (people, luggage): “People with luggage.”

People ae caryingtheir luggage, therefore, they are conreded to it.

e LINK_ALONG (first#, last#, {first#-1, first#-2, ...}): “Numbers are deaeasing.”’

The numbers are semanticdly conneded. The LINK schemais used metapharicdly.

e LINKED_BY (columns, ropes): “There'r e ropes between the wlumns.”
Theropes are perceved as gatia LINKS, conneding the columns.

PATH

The PATH schema is espedally important for wayfinding tasks as people dways move

aongPATHS. A PATH has astarting pant, an endpdnt, and a mnnedion between them.

e PATH (I, ticket courter): “I moveto theticket courter.”

The subjed’s current position is the starting pant of the PATH, the ticket courter is the
endpadnt.

e PATH (I, people): “I head towards the people.”

e PATH_ALONG (B1, B45, {B2..B44}): “Numbers are increasing. | follow B1 alongto
B2 to finaly reating B45”

Bl is the starting pant of the PATH, B45 is the endpant, and B2 to B44 are between
them.

SURFACE

This £hemaisatrivial one and people nedl it al the time while standing a walking.

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

e ON_SURFACE (people, floor): “People ae walking.”

The faad that people ae walking implies that there is a surface(i.e., the floor). People ae
onthefloor.

e ON_SURFACE (“B”, sign): “Thesign hesa‘B’ onit.”
The SURFACE schema is used metapharicdly becaise the “B” is nat physicdly
suppated bythesign.

42



ATTRACTION

Johrson (1987 p.47 gives the following examples for experiencing the ATTRACTION
schemain the physicd: “A magnet draws a pieceof sted toward itself, a vaauum cleaner
pullsdirt into itself, and the eath puls usbadk down when we jump.” While performing
awayfinding task people dways sem to be visually attraded to speafic feaures, such
as sgns and colors. Therefore, in al of our examples people use the ATTRACTION
schemavia metapharicd projedion.

e ATTRACTED_BY (I, route): “Straight ahead looks the most dired route.”

e ATTRACTED_BY (I, ralling): “Therailingisthefirst salient clue.”

e ATTRACTED_BY (I, sign): “The sign cachesthe g/e.”

e ATTRACTED_BY (I, yellow): “Theyellow signifiesit’simportant.”

BLOCKAGE

BLOCKAGES are obstades (e.g., walls or pillars) that stand in the way of PATHS and

LINKS and, therefore, render wayfinding tasks more difficult.

e BLOCKED_BY (teller, people): “People blocking the teller.”

e BLOCKED_BY (LINK (I, urspedfied ojeds), columns): “My view is obstructed by
the alumns.”

Thevisua LINK between the subjed and some objedsis blocked by columns.

MATCHING

Objeds or colors can match with ather objeds or colors. The MATCHING schemais aso

used metaphaicdly: in order to know that they are on the right tradk or have arived at

the right gate, people match their cogntive information (i.e., knowledge in the head)

with environmenta information (i.e., knowledge in the world such as the wntent of

signs).

e MATCHING (cogntive information “C53’, environmental information “C53’): “It
tellsmeit’sboarding C53, so | have @mnfirmation abou that.”

e MATCHING (cogntiveinformation, signinformation): “I’m onthe right path.”

e MATCHING (color-sign, color-previous 3gn): “It’s the same lor asthe sign| looked
for previoudly.”

e MATCHING (gates, other gates): “The gates are identical.”
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e MATCHING (PATH (I, gate C), PATH (unspedfied locaion, barding ared): “It looks
like an official corridor that goes towards a boarding areafor airplanes.”

One physicd path matches with a path that is in the subed’s mind, therefore, the
MATCHING schemais used viametaphaicd projedion.

ENABLEMENT

Johrson (1987 p.47 ill ustrates: “Youfed able to move the chair over to the corner, or to

lift the comb up to your hair.” The aiteria for using this image schema ae apatentia

forcevedor andthe asenceof barriers or blocking COUNTERFORCES.

e ENABLE_TO (RIGHT_OF (PATH (I, urspedfied location), 1), | get full view): “I
procee to the right to get afull view.”

“Moving to the right” represents a force vedor and allows the subjed to get rid of any
barriers that block his/her view.

e ENABLE_TO(stairs, | go up: “I can go upstairs.”

“Moda verbs, such as can, may, must, could, might, are verbs that pertain to ou
experience of aduality, passbility, and recessty.” (Johrson 1987 p.48

e ENABLE_TO (PATH (yellow sign, urspedfied oljed), ON_SURFACE (whedchairs,
floor)): “Theyellow signindicaes whedchair access”
The sign indicaion d whedchair acces implies that there is a path that enables
handicapped people in whedchairsto move dongit.

MERGING

Objeds can be combined to form bigger objeds.

e MERGING_INTO (information signs, bar): “Information signs are blending into ore
big bar.”

The MERGING schema is used metapharicdly becaise the signs are only perceved as
blendinginto ore big bar; they are nat physicdly merged.

SPLITTING

Objeds can be split by, from, and into ather objeds. By using the SPLITTING schema
people percave or impase achitedura structure which fadlit ates their sense-making o
space

e SPLIT_BY (room, gate signs): “Theroom isdivided by gate signs.”
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e SPLIT_FROM (sign, dher gates and signs): “The signisisolated from other gates and
signs.”

e SPLITTING_INTO (corridor, {LEFT_OF (corridorl, columns), RIGHT_OF (corridor2,
columns)}): “I’'m onthe left side of the corridor.”

The subjed perceves the corridor as lit into two perts. One part is left, the other part
right of the clumns.

RESTRAINT REMOVAL

Sometimes a restraint (e.g., a barrier) has to be removed to alow the performance of a

spedfic adion.

e RESTRAINT_REMOVAL (BLOCKAGE (person)): “W hen the person moves then I'll see
thesign”

FULL-EMPTY

Wayfinding in airports gets more difficult when the spaceis crowded. Therefore, this

image schema has to be taken into acourt.

e FULL OF (duty-free aea people): “It's quite crowded here (i.e., in the duty-free
areg.”

A crowded areaimpliesthat it isfull of people.

e EMPTY_OF (CONTAINER (space, unspedfied oljeds): “It's an empty space”

SCALE

Thisimage schemais based onthe “more” or “less asped of human experience People

use the SCALE schemato understand quantitative anourt and qualitative degree

e MORE_THAN_IN (signs, signl+ sign2, number): “| seemore signsthanB1 and B2.”

This SCALE schema represents a qualitative cmparison d anumber of objeds.

e MORE_THAN_IN (FAR_FROM (COLLECTION (signs), 1), FAR_FRoM (sign, I),
distance): “Thesignisfar away and another set of signsis further away.”

In this case the SCALE schemais used to compare relative distances.

e MORE_THAN_IN (ATTRACTED_BY (I, signage), ATTRACTED_BY (I, cther things),
intensity): “ The signage offers alot more thananything else.”

The SCALE schema is used via metaphaicd projedion to compare the intensities of
experiencing two ATTRACTION schemata.
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e MosT_OF (people): “Most people..”

e LESS THAN_IN (people & counter, people & other courters, number): “Courter with
the fewest people.”
The subjed impliesthat there aelesspeople & this courter than at other courters.

COLLECTION

People experience aCOLLECTION as a sum of individual objeds. A COLLECTION may
form an areg such as a COLLECTION of gates forms a gate aea Groupings of similar
destinations into zones fadlit ates wayfinding if these groupngs are dealy identified
(Arthur and Pasgni 1992.

e COLLECTION (ticket courters): “All ticket counters arelined upin arow.”

e COLLECTION (signs): “Therere seveal signs.”

PART-WHOLE

Whales consist of parts.

e PART_OF WHOLE (letters, sign): “The letters are part of thesign””
e PART_OF WHOLE (line, lines 51-65): “One of thelines51to 65”

COMPULSION

People experience this image schema when they are being moved by external forces. In

crowded arports passengers are sometimes being pwshed along a PATH by aher

passengers.

e COMPELLED_TO BY (I do urspedfied adion, people): “I do what other people ae
doing”

In this case the COMPULSION schema is used metapharicdly becaise the subjed is not
physicdly forced to perform an adion.

e COMPELLED_TO_BY (PATH (I, unspedfied locaion), LINK (I, ”A™)): “I noticethe ‘A’
and | move off to adifferent view.”
Again, the COMPULSION schema is used metaphaicdly. The subjed does not look
for gate A, therefore, he/she has to move and ook for his/her gate.

COUNTERFORCE
This image schema “focuses on the head-on medings of forces” (Johrson 1987 p.4%

46



e COUNTERFORCE_TO (people, I): “People ae coming towards me.”

This sntence can be interpreted as something (i.e., people) impaosing a force aainst an
adion such aswalking.

e COUNTERFORCE_TO (I chedked in, PATH (I, ched-in courters)): “I don't nead to go
there—I’ ve drealy chedked in.”
The COUNTERFORCE schema is used metaphaicdly because the counterforceis non
physicd. A previously performed adion serves as a counterforce to performing the
same adion again.

BALANCE

In all of the following examples the BALANCE schema is used metapharicdly. Johnson

(1987 p.8% refers to “common senses of balance a experienced in bodly movement and

perception” and shows exemplar figures and paintings where “balance eists only in our

perceptual adivity” (Johrnson 1987 p.9R A well-structured, balanced spatial design

fadlit ates environmental interadion for users. The BALANCE schemata ae subjedively

deduced based onsemantic conndation.

e BALANCE (ticket courters): “Agan the spaceis such that it looks like dl ticket
courters arelined upin arow.”

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

e BALANCE BETWEEN (cealing-structure, COLLECTION (gates)): “The celi ng-structure
encompasses a series of gates.”

CONTACT

The CONTACT schema occurs when oljeds are dtadhed to eath ather.

o CONTACT (yellow shields, counters): “The yellow shields at the courters.”
The yellow shields are physicdly attached to the munters.

OBJECT

The OBJECT schemais atrivia one becaise people useit al the time to identify discrete
entities in space We dont use this image schema explicitly in the image-schematic
descriptions.

e OBJECT (yellow sign), OBJECT (ticket courter), OBJECT (gate), etc.
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4.3.2 ORIENTATIONAL IMAGE SCHEMATA

People use two dfferent reference frames to locae themselves and oljeds while finding
their ways in airports. The egocentric reference frame is based ontheir bodes and the
allocentric reference frame is based on feaures of the eavironment (Levinson 1996,
Kuhn and Blumenthal 1996. In arder to establish such dredional and orientational
spatial context people superimpose orientationd image schemata upon dher image
schemata (Sedion 4.3.).

VERTICALITY

This image schema is misang in Johrson's list, bu it is important for wayfinding in

airports becaise many signs are nea the celing. The VERTICALITY schemais gructured

by two pdntsand averticd (i.e., an up-down) dimension in-between them.

e IS UP(signs, ticket counters): “There ae signs up aborethe ticket courters.”

e IS UrP(MosT_OF (signs), people' s heals): “Most of the signs are overhead.”

e IS Up(Low_OF (celing), PATH (I, CONTAINER (areg): “I have to duck under alow
underpassand then ou into abigger area”

The subjed implies that there is a low-cali ng structure on the way out into the bigger
area

e IS Ur(“Lufthansa”, "SAS’): “SASisasubsidiary of Lufthansa.”

The VERTICALITY schemais used metapharicaly to expressa commercial relation (i.e.,
aranking) between two airlines.

e HIGH_OF (caling): “It'sahigh space”

e IS DOWN (signs, caling): “Signs hanging from the celing”

It isimplied that the signs are hanging down from the celi ng.

e Low_OF(cdling): “It'salow caling”

CENTER-PERIPHERY
In most of the caes the passnger functions as the ceiter'2 and the surroundng
environment is periphery. But sometimes the center is an oljed of the environment.

12 “Qur world radiates out from our bodes as perceptua centers from which we seg hea,
touch, taste, and smell our world.” (Johnson 1987 p.12%
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e CENTER-PERIPHERY (I, urspedfied oljeds): “I pan around”

The subjed is the center (i.e., egocentric reference frame) and looks at different objeds
in the periphery.

e CENTER-PERIPHERY (duty-free shops, hallway): “The hallway curves around the
duty-freeshops.”
This example @ntains an all ocentric reference frame becaise the duty-freeshops (i.e.,
the reference) are objeds of the subjed’s environment.

NEAR-FAR

The NEAR-FAR schema plays arole when people have to gofrom one placeto ancther or

when they qualitatively compare distances.

e NEAR_FROM (I, sign): “I approach closer to thesign.”

e NEAR_FROM (desk, sign): “The desk nex to thesign.”

The subjed expressesrelative dosenessbetween two oljeds.

o NEAR (deskl, desk2): “There’s an opening between the desks.”

From the statement that there is an opening ketween the desks and the fad that in this
case people have to gothrough seaurity control it is inferred that the two desks are
nea ead cther.

e FAR _FROM (I, signs): “I can't read the signs at this distance”

The semantics of the sentenceimplies that the signs are far from the subjed’ s viewpoint.

e FAR_FROM (begin o corridor, end d corridor): “It'salongcorridor.”

FRONT-BACK

Although noincluded in Johrnson'slist of image schemata, this ansto be an important

orientational schemafor wayfinding, e.g.,“Having things aways in front of me seansto

be more useful.” and“If | donit findthe ‘C’, | go back and retracemyself.”

e IN_FRONT_OF (yellow signs, I): “I seethe yellow signsin front of me.”

e IN_FRONT_OF (C-gates, sign): “The C-gates are straight ahead fromthe sign””

In this example the subjed impaoses an al ocentric reference frame based onan oljed of
the environment (i.e., a sign). It is implied that objeds draight aheal from the sign
arein front of the sign.

e IN_BACK_OF (people, courters): “There're people behind the murnters.”
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It isimplied that objeds behind the wurters arein the bad of the wurters.

LEFT-RIGHT

This orientational image schema is aso missng in Johrson's list. People use it
frequently for qualit ative descriptions of the positions of objeds.

o LEFT_OF (even numbers, urspedfied ogeqd): “The even numbers are on the | eft.”

e RIGHT_OF (PATH (I, gate C), I): “To theright also gves me an optionto go’

4.3.3 IMAGE SCHEMATA WITHIN DIFFERENT CONTEXTS

We use a number of symbals in combination with image schemata to dstingush
between dff erent contexts.

?” image schema” = Looking for a spedfic image schema.

o ?AN_CONTAINER (I, terminal 1): “I want to be in terminal 1.

o 7LINK (I, sign): “I'mlooking for asign.”

The subjed istryingto establish a LINK between his/her positionand asign.

o 7PATH (I, gate C57): “I'm heading for gate C57”

The subjed islooking for a path that leads to gate C57.

o ?MATCHING (flight# o destination, environmental information): “I'm looking for
something that matches the flight number or destination.”

“image schema” ? = Not sure abou a spedfic image schema.
e IN_CONTAINER (I,*C")2 “I'mnat sureif 'min‘C.”
e PATH (I, end d terminal)?. “Maybe | won't have to wak the full length of the

terminal.”

no " image schema” = Spedfic image schema daes not exst.

e NO_LINK (I, letters): “I can't read the letters.”

e NO_ON_SURFACE (people, SURFACE (escdator)): “The escdator isunocccupied.”
An unacupied escdator implies that nobodyis ganding onthe surfaceof the escdator.

e NO_ATTRACTED_BY (I, sign): “Thesignis subdwed so | ignareit.”
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e NO_BLOCKED BY (LINK (I, advertising hllboards + navigation sign), plants +
deaorations): “The plants and cecorations do not interfere with my view of
advertising hbll boards and the navigation sign.”

e NO_IN_BACK_OF (people, courters): “There're no people behind the courters.”

e NO_MATCHING (my gate, “A”): “Gate A isnot my gate.”

future ” image schema” = An image schema that occurs at one of the next viewpaints (in

most cases it occurs in combination with “image schema”? becaise people can orly

asuume which image schema will occur at the next viewpaint but they canna be sure of

it).

e FUTURE_LINK (I, CONTAINER (room))? “I can’t tell whether it opens up into a
room.”

prevous "image schema” = An image schema that occurred a one of the last
viewpoints.
e PREVIOUS NO_LINK (I, "gate A”): “Gate A wasn't advertised prior to this.”

4.4 STRUCTURING WAYFINDING TASKSWITH IMAGE SCHEMATA

The previous dions explained the first three stages of our methoddogy to structure
wayfinding tasks with image schemata: subdviding tasks into sequences of subtasks,
interviewing people, and extrading image schemata from these interviews based on
semi-formal structures. At this final stage of the methoddogy we use the semi-formal
structures to buld image-schematic representations of the wayfinding tasks. The
potential of this approach is the incorporation d people’'s cogritive apeds into
engineaing processs. In order to (re)organize an application spacefrom the perspedive
of wayfinding, applicaion wsers are interviewed, instead of designers who have the
domain knowledge of the gplicaion. By analyzing wser requirements and aganizing
common-sense knowledge (i.e., image schemata) the design processcomes closer to the
user and more semantics are alded to the information already avail able. Transcript and
image-schematic representation for one interview can be found in the Appendix.
Transcripts and image-schematic representations for the remaining seven interviews can
be downloaded from
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“ftp.gpatial.maine.edwpuldSIE/Thesis/Masters/Raubal 1997Interviewsl-7/" (al files are
Word6 for Madntosh).

4.5 TRANSLATION TO FORMAL REPRESENTATION

Our analysis and comparison d the extraded image schemata is based ona semi-formal
representation. Implementing the methoddogy in spatia information and design systems
requires aformal representation o image schemata. In the foll owing sedion we show the
semi-formal representation and two passhble forma representations of one example,
using the functional programming language Gofer (Jones 1991) and the logic-based
programming language Prolog (Clocksin and Melli sh 1984.

4.5.1 SEMI-FORMAL REPRESENTATION

Transcript Extracted | mage Schemata

“1 gothrough @sgort control and hreadto  LINK(I,pasgort control),

the gatesin the A-B-C-area” PATH_ALONG(l,gates,pasgort contral),
CONTAINER(pasgort control),
IN_CONTAINER(gates,A-B-C-areg),
ON_SURFACE(l,floor);

Table 4.1: Example of transcript and image-schematic representation.

4.5.2 FORMAL REPRESENTATION WITH GOFER

In Gofer we describe image schemata & functions of objeds. In ou example the
diff erent image schemata contain 1, 2, @ 3 oljeds.

data IS = ISLink | IS PathAlong | IS Container | IS InContainer |
I'S OnSurface
data ObjT =1 | PassportControl | Gates | Floor | ABC Area

data 1ST = ISC 1S [Qj T]
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i nstance Eq Qbj T where
I == = True
Passport Control == PassportControl = True
Gates == Gates = True
Fl oor == Floor = True
ABC Area == ABC Area = True

== = Fal se

conmposel S :: [IST] -> [IST] -> [IST]

conposel S a b = a++b

hasObject :: bjT -> | ST -> Bool
hasGbject o (ISCiT oo) = any ((==) 0) oo

filterIS:: [IST] -> j T -> [IST]
filterlISiS o =filter (hasChject 0) IS

createLink :: jT -> o) T -> [|IST]
createLink ol 02 = [ISC IS _Link [01l, 02]]

createPathAlong :: T -> jT -> j T -> [IST]
createPat hAl ong 0l 02 03 = [ISC | S_Pat hAl ong [ 01, 02, 03] ]

createContainer :: QbjT -> [IST]

createContainer o = [ISC IS _Container [0]]

createlnContainer :: QjT -> QbjT -> [IST]

createlnContainer ol 02 = [ISC | S_InContainer [0l, 02]]

createOnSurface :: QOj T -> oj T -> [IST]
createOnSurface ol 02 = [ISC IS OnSurface [01, 02]]

The image schemata that occur in ou example ae established through “creae”

functions:
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t1l = createLink | PassportControl

t2 = createPathAl ong | Gates Passport Control
t3 = createContai ner PassportControl

t4 = createlnContainer Gates ABC Area

t5 = createOnSurface | Fl oor

The “composel S’ function is used to buld sequences of image schemata. The result of

thisfunction are dl image schemata that occur in ou example:

t6 = conposel S (conposel S (conposel S (conposel St1 t2) t3) t4) t5

?t6
[ISC IS _Link [r, Passport Control ], I SC |1 S_Pat hAl ong [r, Gat es,
Passport Control ],

I SC IS Container [PassportControl], 1SC IS InContainer [Gates, ABC Area],
I SC

IS OnSurface [I, Floor]]

The “filterlS” function returns all image schemata that contain a spedfied oljed. Here,
we &k for al image schemata that contain the objed “1.” This is a way to see which
image schemata ae linked over one common argument.

t7 =filterlSt6 |

?t7

[ISC IS _Link [r, Passport Control ], I SC |1 S_Pat hAl ong [r, Gat es,
Passport Control ],

ISC 1S OnSurface [I, Floor]]

4.5.3 FORMAL REPRESENTATION WITH PROLOG

In Prolog the extraded image schemata ae described as first-order predicaes. Different
image schemata predicaes are distingushed by dfferent predicae names and have
different arities (i.e., a different number of arguments). For example, the predicaes of
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the image schemata LINK and PATH_ALONG could be expressd in genera terms as

foll ows:

i 2(link,start, end).

i 3(path_al ong, start, end, i nbet ween) .

For the examplein Table 4.1the foll owing predicaes are aeded:

i 2(link,i,passport_control).

i 3(path_al ong, i, gates, passport_control).
i 1(cont ai ner, passport_control).

i 2(i n_container, gates, abc_area).

i 2(on_surface,i,floor).

These predicates enable querying abou such relations as “i2(1s,i,X)” or “i3(Is,i,X,Y)” in
order to ask for image schemata that contain the objea “1.”

2 2- i2(1s,i,X).

Is = link

X = passport_contro

Is = on_surface

X = floor ;

32 i3(1s,i,%Y).

Is = path_al ong

X = gates

Y = passport_contro

Addtiona rules in the form of predicaes are necessary to describe composition d
relations (Rodriguez and Egenhder 1997). In order to show the property of transitivity
we ald anaother image schema predicae:
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i 2(1ink, passport_control,ton.

Thisistherulefor the concept of transitivity:

i2(link,A O:-i2(link, A B),i2(link, B,C).

Based onthisrule the following query resultsin 3links:

2 2- i2(link, X V).

X =i

Y = passport_control ;
X = passport_control
Y = tom;

X =i

Y = tom;

The &ove shown formal representations using Gofer (Sedion 4.5.2 and Prolog (Sedion
4.5.3 serve only as aproof of concept. It seams that the dgebraic concepts of Gofer and
arelational approadch of representing image schemata do nd blend well. Prolog, onthe
other hand, shoud be more suitable to formally represent image-schematic structures,
because relations and rules can be eaily formulated. A query languege such as the
Structured Query Language SQL (Melton 1996 might be another useful approach to
represent and query abou image schemata.
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5. APPLICATION OF THE METHODOLOGY TO WAYFINDING IN
AIRPORTS

The goal of the methoddogy developed in Chapter 4 was to establish a spatial

representation for navigation tasks that comes close to human perception and cognition
of ared-world space In this chapter we demonstrate the usefulnessof this methoddogy
by applying it to a ammmon wayfinding task in two dfferent airports. We dso propcse a
wayfinding model and wse it to compare the mmplexity of the wayfinding task for both
airports.

5.1 INTERVIEW PROCEDURE

During the interviews subjeds describe their spatial experiences with two simulated
airport spaces (i.e., Vienna International Airport in Austria and Frankfurt International

Airport in Germany) whil e orienting themselves and ravigating throughthem.

5.1.1 AIRPORT SPACES

Our goa of applying the methoddogy is to compare the mmplexity of two dfferent
airportsin regard to people performing a mmmon wayfinding task. We seled one arport
that is considered easy to navigate (i.e., Vienna) and another that is considered dfficult
to navigate (i.e, Frankfurt). This assessment is confirmed by combining ou

methoddogy with awayfinding model.

The test site Frankfurt International Airport was sleded based onthe results of a
guestionraire that had been dstributed to 25frequent 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 difficultiesin finding their way from the dhed-in courter to
the gate. Frankfurt was mentioned most often, followed by London Heahrow.
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Pasengers dso had troubde finding their way at Los Angeles Airport, Amsterdam,
Atlanta, and Paris CDG (Table 5.1). As the main reasons for their answers people
mentioned urclea and illogicd infrastructures. Subsequent informal talks with the
interviewees fiowed that most of them who haed aso been to Vienna International
Airport foundthis airport easy to navigate. Therefore, we seleded Vienna International
Airport as the other test site.

Airport Counts

Frankfurt (Germany)
LondonHeahrow (Gred Britain)
LosAngees (U.SA)
Amsterdam (Netherlands)
Atlanta (U.S.A))

Paris CDG (France)

W w w h~r N ©

Table 5.1: Results of aquestionreire distributed amongst 25 frequent flyers. Subjeds were asked at what
airports they had most difficultiesin wayfinding.

5.1.2 SIMULATION OF TASK

We used a sequence of color dlides to simulate the route-following task from the
departure hall (i.e., the dhed-in courter) to a spedfic gate in eat of the dhaosen airports.
Subjeds were shown a sequence of 16 slides from inside Vienna International Airport
and 21dlides from inside Frankfurt International Airport. We used color sidesinstead of
pictures (Raubal et al. 1997 because these can be projeded to awall to gve viewers a
better impresson d adualy being invaved in the environment tested. The slides were
presented in a sequential order, feauring dfferent situations that passengers have to face

whil e performing the wayfinding task.

Goldin and Thorndyke (1982 compared adua and simulated information as
aternative sources of environmental information and concluded that under some
condtions, e.g., when the goa is to conwey perceptua detals, a film or dide

presentation may provide & much detail as alive tour throughthe environment. Allen et
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al. (1978 suggested that a “presentation o dlides sparated by spatia intervals may
closely paralle typicd visual experience in large-scde eavironments’ and wsed such
procedure to assess the relationship between people’s visual perception and spatia
representation d an wban environment. Another experiment utili zed slides for route
simulationto prove the navigational aid of landmarks on stree maps (De&in 1994.

5.1.3 PROCEDURE AND SUBJECTS

The focus of this human subjeds testing is to recave data for the existence of image
schemata in wayfinding and nd athoroughanalysis of human behavior. Therefore, we
use asimplified experimental setup with a small subjed pod and color dslidesin lieu of
adual navigation space

During the interviews subjeds are given the following task: “Imagine the
following situation: you are apassenger a Vienna (Frankfurt) International Airport in
Austria (Germany). You are dou to baard Austrian Airlines (Lufthansa) flight OS501
(LH4408 leaving at 11:35 (16:40) to New York (Lyon). Your gate number is C57
(B45). For ched-in you can use aay of the ourters 51-65 (51-277). You are now
standing in the departure hall, waiting to ched in you luggage. Your task is the
following: gaing from the departure hall to you gate.”

Eight voluntees—four of them female, the other four male, ead of them a native
English spe&er, and nd al of them spatially educaed—were shown and tested on the
same task in bah airports (Table 5.2). Half of the subjeds saw the task inside Vienna
International Airport first and the other half sees the task inside Frankfurt International
Airport first. For every dlide subjeds had to answer the foll owing two questions:

e What are the things and feaures you see on this picture and why dd you chocse
them?

e How do youmove onfrom here, referring to the things and fegures you ndiced?
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Subjeds Gender Age Professon General airport-familiarity

subjed 1l femae 25 psychology student not very familiar
subjed2 femae 26 psychology student fairly familiar
subjed3 female 40  engnee familiar

subjed 4 female 44  geography pofessor  very familiar
subjed5 mae 26  engneeing student above average

subjed 6 mae 28 land surveyor moderately familiar
subjed7 mae 30 network manager moderately familiar
subjed 8 mae 37 geographic enginee  very familiar

Table 5.2: Subjedstested.

5.2 VIENNA INTERNATIONAL AIRPORT

5.2.1 TASK DESCRIPTION

The task of going from the departure hall to the gate & Vienna International Airport
consists of 3 subtasks that have to be performed in a sequential order (Table 5.3). People
have to chedk in, move through @sgort control, and move through seaurity control at
the gate.

Task Going from Goingto

task departure hall gate

subtask 1 departure hall chedk-in courter
subtask 2 chedk-in courter pasgort control
subtask 3 pasgort control seaurity control = gate

Table 5.3: Task and subtasks at Vienna International Airport.
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5.2.2 INTERVIEWS

Subjeds are asked to describe their spatial experiences while finding the way from the
departure hall to their gate. The goal is to get on a flight to New York departing from
gate C57. As an example we give the transcript for “moving through @sort control”
(i.e., end d subtask 2 and start of subtask 3) from one interview (Figure 5.1).




Pasgort
control

O Niewponiz

Figure 5.1: Moving through @s9ort control at Vienna International Airport (sides5, 6, 7, and 8.

Slide 5: Pasgort control.
“l come out in abig taller area | see & “A, B, C"-gate that says it’s pasgort
control. The yellow sign stands out against the rest of the arport signage. The
“A” and “B” and “C” are prominent bladk on white. It doesn’t say “departures”
in that diredion.| see a “A, B, C”-sign in the other diredion df to the right. |
go forward and gleue up for pasgort control. | go through @sgort control and
head to the gatesin the A-B-C-area”

Slide 6: Duty-free aea dter pasgort control.
“l seeshops. It's well-lit and it’s nat claustrophobc. | seethe sign that says |
shoud go davn that hall to goto gate A. That's not the diredion | want to go.
The asle can’'t go wery far. It disappeas amongthe different shops.”

Slide 7: Duty-free aea dter pasgort control.
“It's an open space | seethe sign to the B-C-gates. | seeinformation abou the
layout of the arport and flight information onthe monitors. There's $ops. They
stand ou against the bad.”

Slide 8: Duty-free aea dter pasgort control.
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“| seelots of shops. | see away to asignthat says“A, C.” There's two ways to

get to C. | see aflight-information-sign hanging from the celing. It's subdwed so

I ignaedit. I'm looking for gate C, the general gate-C-area | go dawvn the shops-

areain the center.”

5.2.3 EXTRACTION OF IMAGE SCHEMATA FROM INTERVIEWS

Transcript

Extracted | mage Schemata

“l comeout inabigtaler area”

“l see a“A, B, C"-gate that saysit’'s

pasgort control.”

“The yellow sign stands out against the
rest of the arport signage.”

“The “A” and“B” and“C” are prominent
bladk onwhite.”

“It doesn’t say “departures’ in that
diredion”

“l see a“A, B, C"-signin the other
diredion df to theright.”

“1 goforward and geue up for pasgport
control.”

“1 gothrough m@msgort control and head to
the gatesin the A-B-C-area”

IN_CONTAINER(l,ared),
MORE_THAN_IN(areaprevious areg
height);
LINK(I,gate),LINK(I,”A,B,C"),
LINK(I,” pasgport control”),
MATCHING(gate,pasgport controal);
LINK(I,yellow sign),
ATTRACTED_BY(l,PART_OF WHOLE
(yellow signairport signage));
ATTRACTED_BY(I,”A,B,C"),
ON_SURFACE(blad letters,white ground);
NO_LINK(I,”departures’);

LINK(I,RIGHT_OF(sign,urspedfied
objed)),LINK(I,”A,B,C");
IN_FRONT_OF(PATH(I,NEAR_FROM(,
pasgort contral)),l),
ON_SURFACE(l,floor);
PATH_ALONG(l,gates, CONTAINER
(pasgport control)),
IN_CONTAINER(gates,A-B-C-areg);

Table 5.4: Transcript and image-schematic representation d slide 5 (pasgort control).
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Transcript

Extracted | mage Schemata

“| seeshops.”

“It'swell-lit andit’s not claustrophobc.”
“| seethe signthat says| shoud go davn
that hall to goto gate A.”

“That’s not the diredion | want to go”

“The asle can't go wery far.”

“It disappeas amongthe diff erent shops.”

LINK(I,shops);
ATTRACTED_BY(l,light);
LINK(I,sign),LINK(],hall),
PATH_ALONG(I,gate A,SURFACE(hall));
COUNTERFORCE_TO(LINK(I,”A™),
PATH(l,gate A));

MATCHING(hall ,aisle),

PATH(begin of aide,end d aisle),
COMPELLED_TO(NO_FAR_FROM(begin of
aiseend d aide));

CENTER-PERIPHERY (aisle,shoys),
NEAR_FROM(shops,aisle);

Table 5.5: Transcript and image-schematic representation d dide 6 (duty-free aea diter pasgort control).

Transcript

Extracted | mage Schemata

“It'san open space”
“l seethe signto the B-C-gates.”

“| seeinformation abou the layout of the
airport andflight information onthe
monitors.”

“There's ops.”

“They stand ou against the badk.”

CONTAINER(duty-freespacs;
LINK(I,sign),LINK(l,” B-C-gates’),
PATH(sign B-C-gates);
LINK(l,airport-layout-information),
LINK(1,ON_SURFACE(flight information,
monitors));

LINK(I,shops);
ATTRACTED_BY(l,shops),
IN_BACK_OF(unspedfied objeds,shops);

Table 5.6: Transcript and image-schematic representation d dide 7 (duty-free aea diter pasgort control).
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Transcript

Extracted | mage Schemata

“| seelots of shops.”

“l see away to asignthat says“A, C.”
“There stwo waysto get to C.”

“1 see aflight-information-sign hanging
from the celing”
“It's subdwed so | ignared it.”

“I"'m looking for gate C, the general gate-
C-area”

“1 go dawvn the shops-areain the center.”

LINK(I,shops),FULL_OF(duty-free aea
shops);
LINK(I,sign),PATH(I,sign),LINK(I,”A,C");
MERGING(PATH1(I,gate C),PATH2(I,gate
C)),No_MATCHING(PATH1(I,gate C),
PATH2(I,gate C));
LINK(I,flight-information-sign),

IS DownN(flight-information-sign celi ng);
NO_ATTRACTED_BY(I,flight-information-
sign);

PLINK(l,"gates C");

CENTER-PERIPHERY (IN_FRONT_OF
(PATH(I,A-C-gates),l),shops),
IN_CONTAINER(shops,ared,
ON_SURFACE(I,floor);

Table 5.7: Transcript and image-schematic representation d dide 8 (duty-free aea diter pasgort control).

5.3 FRANKFURT INTERNATIONAL AIRPORT

5.3.1 TASK DESCRIPTION

The task of going from the departure hall to the gate & Frankfurt International Airport
consists of 5 subtasks that have to be performed in a sequential order (Table 5.8). People
have to ched in, move through ticket control, move through seaurity control, move
through @sgort control, and goto the gate.
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Task Going from Goingto

task departure hall gate

subtask 1 departure hall chedk-in courter
subtask 2 ched-in courter ticket control
subtask 3 ticket control seaurity control
subtask 4 seaurity control pasgort control
subtask 5 pasgort control gate

Table 5.8: Task and subtasks at Frankfurt International Airport.

5.3.2 INTERVIEWS

Subjeds are asked to describe their spatial experiences while finding the way from the
departure hall to their gate. The goal isto get on aflight to Lyon departing from gate
B45. As an example we give the transcript for one situation in the departure hall that

people faceduring subtask 2 from oneinterview (Figure 5.2).

?

(O Viewpoint1]

Figure 5.2: Part of the departure hall at Frankfurt International Airport.

Slide 5: Departure hall .
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“l see stuff off to the right, I can't make out what it is. Phorne boahs or
something like that. | see asign hanging from the top. I'm in the wrong pace
It'sabou baggage. | see alvertising-signs. Way in the distancel seefamiliar blue
signs. | see a ‘C” but | don't see aything else. I'm not sure where I'm gaing. |
move forwards towards the blue indicaor signs. I’ m looking for a new reference

point.”

5.3.3 EXTRACTION OF IMAGE SCHEMATA FROM INTERVIEWS

Transcript

Extracted | mage Schemata

“1 seestuff off to theright, | can’t make
out what it is.”

“Phonre boahs or something like that.”

“l see asign hanging from the top.”

“I'm in thewrong pgace”

“It's abou baggage.”
“l see alvertisingsigns.”
“Way in the distancel seefamiliar blue

signs.

“l see a'C” but | dont see aythingelse.”

“I"'m not surewherel’ mgoing”
“1 move forwards towards the blue
indicator signs.”

“I"'m looking for anew reference point.”

LINK(I,RIGHT_OF(unspedfied objeds)l)),
NO_MATCHING(unspedfied ojeds,
cogritive information);
MATCHING(unspedfied oljeds,
phore boahs)?;

LINK(I,sign),Is DowN(signceling);
IN_CONTAINER(I,place,
NO_MATCHING(environmental
information cognitive information);
LINK(I,”baggage™);
LINK(I,advertising signs);
LINK(I,FAR_FROM(blue signs,l)),
MATCHING(blue signs,previous blue
signs);

LINK(I,"C"),

NO_LINK(I,other sign-information);
PPATH(l,my gate);
IN_FRONT_OF(PATH(I,blue signs),l),
ON_SURFACE(I,floor);

PLINK(I,new reference point);

Table 5.9: Transcript and image-schematic representation d dide 5 (departure hall).
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5.4 WAYFINDING M ODEL

In order to compare the wmplexity of the wayfinding task for Vienna and Frankfurt
International Airports we use asimple wayfinding model (Figure 5.3 that takes two

critica elements into consideration: choices and clues.

5.4.1 CHOICES

In ou propcsed wayfinding model we distinguish between pants (i.e., viewpoints where
dlides were taken) where subjeds have one obvious choice to continue the wayfinding
task and pants where subjeds have more than ore choice to continue the wayfinding
task. Points with “choice =1” are cdled enforced dedsion pants while points with
“choices > 1" are cdled dedsion pants. The doices define the olumns of the

wayfinding model.

5.4.2 CLUES

People neal clues to make crred wayfinding dedsions (i.e.,, howv to proceal from
viewpoaints). 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 mrred continuation d their path) and “poa” clues (i.e.,
incomplete or misleading clues that do nd enable people to dedde @ou the wrred
continuation d their path). The dues define the rows of the wayfinding model.

68



CHOICE(S)

CLUE(S)

CHOICE =1

"enforced
decision point"

CHOICES >1

"decision point"

"goodﬂ

oK.

CLUE(S)

"poor"

OXK.
"don't need clues"

HESITATION
"no confirmation”

NO CLUE(S)

O.X.
"don't need clues'

HESITATION

"no confirmation”

Figure 5.3: Proposed wayfinding model.

There ae six posshiliti es to combine dhoices and clues:
e “choice =1" + “goodclueg(s)” => At an enforced dedsion pant people ae forced to

continue in ore diredion. “Good’ clues confirm that people ae on the right trad.

Therefore, wayfindingis easy at these paints.

e “choice =1" + “poa clue(s)” => Even thoughthere is only one way to procee,

people might hesitate to follow the way because “poa” clues do nd ressare them

that they are still ontheright trad.
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e “choce =1" + “no clug(s)” => Again, people might hesitate to follow the way
because they have no confirmation o being ontheright track.

e “choices > 1" + “goodclue(s)” => At dedsion pants people need “good clues to
choose the wrrea path. If clues are complete, easy to read, and easy to understand,
wayfinding at those pointsis easy.

e “choces > 1" + “poa clue(s)” => Dedsion pants with incomplete or misleading
clues pose wayfinding problems for people.

e “choices > 1" + “no clue(s)” => Dedsion pants withou any clues form the worst
scenario for wayfinding. At such pants people aelost.

5.5 COMPARING WAYFINDING AT VIENNA INTERNATIONAL AIRPORT VERSUS
FRANKFURT INTERNATIONAL AIRPORT

In this dion we use the image-schematic representations and the propased wayfinding
model (Sedion 5.9 to provide evidence that the wayfinding task “going from the
departure hall to the gate” is more complex in Frankfurt than in Vienna.

5.5.1 METHOD

In order to use the wayfinding model for comparison d the wayfinding task in Vienna
and Frankfurt, the rows (i.e., choices) and columns (i.e., clues) of the model have to be
evauated for every viewpaint of the wayfinding task in bah airports:

e Image schemata ae used to deade whether a viewpoint is a deasion pant (i.e.,
choices >1) or an enforced dedsion pant (i.e., choice =1). This can be dore by
courting the different PATH schemata: a viewpoint qualifies as a dedsion pant if
there exist at least two dfferent PATH schemata. If only one PATH schema occaurs,
then the viewpoint qualifies as an enforced dedsion pant.

e Many clues can be found bylooking at the different LINK schemata. Most often
people establish visual LINKS to signs in arder to perceve information. But clues
might also be cetain architedura feaures such as a hallway that is perceived and
cognzed as a funrel and, therefore, suggests moving forward (eg.,
COMPELLED_TO_BY (move straight ahead, funrel)). The following rules (Table 5.10
help to infer clues.
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Rule Explanation

PLINK (I, ..) > LINK (I, ..) “I'm looking for a link and there is a
=>clue link.”

PLINK (I, ..) > NO_LINK (I, ..) “I'm looking for alink bu | can’'t find
=>noclue it.”

LINK (I, ..) ->PATH (I, ..) “l findalink and based onthislink I find
=>*"good” clue apath.”

LINK (I, ..) -> No_PATH(I, ..) “l find a link bu it doesn't give me a
=>"poor” clue path.”

Table 5.10: Rulesthat help to infer clues from the image-schematic representation.

After evaluating the rows and columns of the wayfinding model for eat viewpaint,
points within “problem areas” are wunted. The arport with the higher rating d points
within “problem areas” is considered more cmplex for wayfinding. We show the final
analysis for one interview (transcript and image-schematic representation for the whae
interview can be found in the Appendix). Similar analyses were dore for the other
interviews. Transcripts and image-schematic representations for the remaining seven
interviews can be downloaded from
“ftp.spatial.maine.edwWpul/ SIE/ThesigMasters/Raubal 1997 Interviews 1-7/” (all files are
Word6 for Madntosh).

5.5.2 ANALYSIS FOR VIENNA INTERNATIONAL AIRPORT

Table 5.11 shows the anaysis for Vienna International Airport. Each viewpoint is

analyzed as in the foll owing examples:

e Slide 3: This viewpoint represents a dedsion pant becaise there ae 2 peths (i.e.,
PATH (I, gate 55) and PATH (I, gate 54)). LINK (I, red ched-in courters) represents a
“good clue because it resultsin a path to the thedk-in courters. But the subjed can't
figure out if “55” refers to the tradk (i.e., LINK (I, signs) + MATCHING (“55’, tradk)?)
and where to pu his luggage (i.e., MATCHING (“55’, LEFT_OF (luggage-conveyor-
belt, courter 55))? + MATCHING (“55", RIGHT_OF (luggage-conveyor-belt, courter

55))?). These ae 2 “poa” clues. Also, the murters are nat with Austrian Airlines
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(i.e., NO_MATCHING (chedk-in courters, " Austrian Airlines’)) which is interpreted as
amissnglink to Austrian Airlines. Based onthe fads that the viewpoint is adedsion
point andthere ae 2 “poa” clues and 1 missng clue the subjea does not know which
way to go.Therefore, slide 3 represents a viewpoint that fall s into the model category
of “problems.”

Slide 5 (Figure 5.1): This viewpoint represents an enforced dedsion pant becaise
there is only one obvious way to go (i.e, PATH (I, NEAR_FROM (I, pasgort
control))). One complete due (i.e., LINK (I, gate) + LINK (I, "A,B,C") + LINK (I,
"pasgort control”) + MATCHING (gate, pasport control) + LINK (I, yellow sign))
enables the subjed to find the mrred way. Therefore, there ae no wayfinding
problems at this viewpaint.

Slides 6, 7, 8(Figure 5.1): This viewpoint represents a dedsion pant becaise the
subjed has 3 paths to choose from (i.e., PATH (I, gate A) + 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, gate A))) and the other 2
“good cluesresult 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-information-
sign (i.e,, LINK (I, flight-information-sign) + NO_ATTRACTED_BY (l,flight-
information-sign)) does not prevent the subjed from finding the crrea path.
Therefore, there ae nowayfinding problems at this viewpaint.
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Slidett Paths Goad 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 1 0 0
15 1 0 0
16 2 0 0
) 5dp 20 5 3

Table 5.11: Paths and clues for Vienna International Airport (viewpoints within problem areas are
highlighted, dp = dedsion pants).

5.5.3 ANALYSIS FOR FRANKFURT INTERNATIONAL AIRPORT

Table 5.12 shows the fina analysis for Frankfurt International Airport. Again, eath

viewpoint is analyzed as in the foll owing examples:

e Slide5 (Figure 5.2): It can be inferred from the image-schematic representation that
this viewpoint represents a dedsion pant: the subjed mentions one path (i.e., PATH
(I, blue signs)) andis also looking for a path to his gate (i.e., ?PATH (I, my gate)). The
subed sees omething to the right but canna make out what it is (i.e.,, LINK (I,
RIGHT_OF (unspedfied oljeds, 1)) + NO_MATCHING (unspedfied oljeds, cognitive
information)). He dso sees a sign bu concludes that he is in the wrong pace(i.e.,
LINK (I,sign) + NO_MATCHING (environmental information, cogntive information)).
Finaly, he sees familiar blue signs in the distance He can oy make out a “C” on
them but nothing else (i.e., LINK (I, FAR_FROM (blue signs, 1)) + MATCHING (blue
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signs, previous blue signs) + LINK (I, "C") + NO_LINK (I, other sign-information)).
Becaise there ae only 3“poa” cluesthe subjed hasto look for anew reference point
(i.e,, 2LINK (I, new reference point)). Therefore, side 5 represents a viewpoint that
falsinto the model caegory of “problems.”

Slide 7: The fad that the subjed is trying to find ancther waypaint (i.e., ?LINK (I,
waypoint)) serves as an indication that this viewpoint is adedsion pant. Thereis no
“good clue. The subjed sees a lounge aeabut does not know if it is a generdl
waiting areafor all gate-B-flights (i.e., LINK (I, lounge aeg + MATCHING (lounge
areg genera waiting areafor gate-B-flights)?). Also, the subjed canna find hsflight
on the blue signs (i.e., LINK (I, blue signs) + NO_LINK (I, ON_SURFACE (my flight,
signs))). These 2 “poa™” clues and the fad that the subjed canna find a waypaoint
places the viewpaint of slide 7 in the model category of “problems.”

Slide 19: This viewpoint represents an enforced dedsion padnt becaise the
architedural feaures auggest only one obvious way to go(i.e., PATH (start of funrel,
end d funrdl)). Althoughthe subjed does not natice any signs at first (i.e., NO_LINK
(I, signs)) and then sees a “poa™” clue (i.e., LINK (I, sign) + LINK (I, ”44-unspedfied
#') + FAR_FROM (sign + "44-unspedfied #, 1)), there ae 2 “good clues srve &
confirmations to the subjed for continuingin thisdiredion: the subjed seesa orridor
(i.e,, LINK (I, corridor)) and pasts that present a funrel (i.e., LINK (I, paosts) +
LEFT_OF (COLLECTION (posts), funrel) + RIGHT _OF (COLLECTION (posts), funrel))
that suggests moving forward. Therefore, the subjed has no wayfinding poblems at
this viewpaint.
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Slidett Paths Goad 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
)y 10dp 41 14 7

Table 5.12: Paths and clues for Frankfurt International Airport (viewpoints within problem areas are
highlighted, dp = dedsion pants).

5.5.4 PROOF OF HYPOTHESISAND RESULTS

The analysis dore in Sedion 5.5showed strong evidence for proving bah parts of the
hypahesis:
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e Representing wayfinding tasks at airports throughimage schemata is an appopriate
methodto determine the aitical elements (i.e., the dhoices and clues) of a wayfinding
model.

We established rules to infer choices and clues from semi-formal image-
schematic structures and applied them to representations of a wayfinding task at two
different airports. The result is the number of paths (i.e., choices), and existing and
misgng clues for eat viewpoint of the wayfinding task.

e These dements accourt for the complexty of the wayfinding tasks as rated by
travders.

The wayfinding task “going from the departure hall to the gate” has a higher
rating d points within “problem areas’ at Frankfurt International Airport (2) than at
Vienna International Airport (1). This result indicates that the dhosen wayfinding task is
more complex at Frankfurt International Airport than at Vienna International Airport.
Other outcomes from the analysis reinforcethe truth of this datement:

- Frankfurt has more dedsion pants (10) than Vienna (5). At dedsion pants people
have to chocse from diff erent paths which usually makes wayfinding more difficult than
at enforced dedsion pants (Sedion 2.3. Therefore, the wayfinding task is more
complex in Frankfurt.

- Thesum of al “poa” cluestotals 14 in Frankfurt and orly 5in Vienna.

- The sum of al missngcluestotals 7 in Frankfurt and orly 3in Vienna.

Some posshle arors made during the different stages of the methoddogy may
have had an influence on the final results. First of al, the viewpaoints where the slides
were taken had been chosen ona subjedive basis. whenever the phaographer saw a new
view, he took a dlide. Different viewpoints and camera agles might result in dfferent
transcripts and, therefore, in dfferent image-schematic representations. Sewnd,
descriptions of spatial experiences aned to depend heavily on the badkground d the
interviewees. For example, geographers gave aricher and more detailed description o
space than psychdogists who focused mainly on the description d signs. Such hias
trandated dredly into the image-schematic representation. Finally, misinterpretation

might have been ancther source leading to errors in the wurts of choices and clues.
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Subjeds may have misinterpreted—for example, percaving a verticd dimension when
there was nore—or mised important clues in their description. In addition,
misinterpretation has to be viewed in the light of the interpreter: image schemata were
also deduced based onsemantic conndation and in some situations there was no clea-
cut rule of which image schemato choose for a particular transcript. To maintain overall
consistency we kept a database into which we wrote every deduced image schema and
also the transcript from which the image schema was deduced. This insured systematic
analysis becaise by looking up pevious records of the database, the same image
schemata were deduced from identicd or similar transcripts. In order to deaease the
number of posgble erors one wuld refine the rules and setup for ead stage of the
methoddogy. Sensitivity of courts to errors could be measured by dang statisticd tests
onthefinal results.
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6. SUMM ARY, CONCLUSIONS, AND FUTURE WORK

6.1 SUMM ARY

This thesis presented a methoddogy to structure wayfinding tasks and spacewith image
schemata. These experientia patterns are part of people’'s perceptual and cogritive
processes and help them to understand spatial environments. In arder to demonstrate the
methoddogy we gplied it to wayfinding in airports. Image schemata were extraded
from interviews and then used to buld semi-forma knowledge-representations for a
wayfinding task in two dfferent airport spaces. In particular, we cmbined the
methoddogy with a propased wayfinding model to compare the complexity of a speafic
wayfinding task for Vienna International Airport in Austria and Frankfurt International
Airport in Germany. Our main argument was that an image-schematic representation o
the gplication space matches better with people's red-world spatia interadions than
geometric (e.g., coordinate-based) models, which negled people's perceptua and
cogntive processs.

6.2 CONCLUSIONS

The work presented in thisthesis leals to the foll owing conclusions:

e People use avariety of image schemata to structure their wayfinding tasks in airports.
Many image schemata ae metaphaicdly projeded and, therefore, metapharicd
projedions play an integral part in the descriptions and sense-making d space

e The gplicaion d our methoddogy to comparing the complexity of a particular
wayfinding task within two dfferent airport spaces $ows that the use of image
schemata is a powerful method to describe human spatial cogntion related to
navigation tasks.
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e Sequences of image schemata ae sufficient to describe wayfinding tasks in spatial
environments at an abstrad level. In arder to fully describe wayfinding processes the
image-schematic structures have to be eriched with relevant wayfinding principles
that can be foundin the literature (Sedion 2.3.

e The integration d image schemata into the design process helps to identify
architedural problems (with regard to wayfinding) prior to construction. The design
process of easier-to-navigate spaces must take cae of constraints, such as necessary
LINKS and PATHS at different viewpaints. This can be done attomaticdly by using
semi-formal image-schematic structures (i.e., 2LINK (I, ..) -> LINK (I, ..) needed o
PPATH (I, ..) > PATH (I, ..) needed).

6.3 FUTURE WORK

Severa diredions for future work regarding the representation d human cogntive
concepts in spatial information systems remain open and some reseach questions have
to be aswered.

e In order to represent image schemata in spatia information and design systems, they
have to be formalized. Attempts to formali ze the CONTAINER and SURFACE schemata
have dready been made (Kuhnand Frank 1991,Rodriguez and Egenhdfer 1997, bu
in order to represent and simulate cmplex processes such as wayfinding, a more
comprehensive set of image schemata must be formalized in an integrated algebra.
Such formalizaions oud aso take the force dynamics of image schemata into
consideration.

e The demonstration d our methoddogy is only based ona few interviews. A more
sophisticaed and extended experimental design is nealed to verify the adosscultural
universality of image-schematic representations. Instead of using slides to interview
people éou their spatia experiences, human-subjeds testing may be dore in red-
world application space As pointed ou by Allen et al. (1978 and De&kin (1996, the
results of testing people’s gatial perceptions with a sequence of slides may na be
equal to their perceptions while waking through the adua environment.
Furthermore, many o the streses of navigating in an airport, such as

overcrowdedness or timetroude, were missng in ou test-setup. During the
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interviews subjeds were not put under time ntrol in order to cut out the stress
fador. Therefore, the length-of-description variable could na be determined. Such a
variable might have an influence on people’s wayfinding behavior. Also, interviews
shoud be dore for different spatial environments, such as pullic transport buil dings,
hospitals, or libraries.

e Which image schemata ae conreded and hawv?

Our analysis $hows that many image schemata ae not experienced in isolation, bu are
correlated with ather image schemata—represented as tightly couded image-
schematic blocks. For example, the LINK, PATH, and SURFACE schemata ae used
together most of the time: “I move to the ticket courter.” implies that there exists a
LINK between the subjed’s paosition and the ticket counter (i.e., a PATH); the adivity
of moving affords a SURFACE. Such image schemata ae linked over common
arguments, e.g., “I” (egocentric reference frame), PATH (I, ..), ON_SURFACE (I,
floor). These superimpositions of schematic structures (Johrnson 1987 p.12boccur,
becaise it is difficult to fully expressa spatia situation wsing oy ore pattern. More
reseach has to be dore on which image schemata ae used within bock-structures
and hov they are mnreded.

e Which image schemata ae relevant for the comparison o wayfinding tasks?

One might look for a percentage-relation between important and unmportant image
schemata used in the descriptions. LINKS and PATHS seam to be the most important
image schemata for wayfinding tasks. First, people percave spatial feaures via
LINKS, then they dedde where to go va PATHS. Image schemata like ON_SURFACE
sean to be trivia and, therefore, of minor importance for the model. They are
complemented by orientational and dredional image schemata (e.g., LEFT_OF,
IN_FRONT_OF) and aher image schemata (e.g., BLOCKAGE, COUNTERFORCE).

e How are image schemata related to aff ordances?

The term affordance was first introduced by Gibson (1979 who investigated how
people percave their environment. Gibson described the processof perception as the
extradion d invariants from the stimulus flux and cal ed these invariants aff ordances.
Affordances are what environments and oljeds offer people to do. Therefore, they
crede potential adivities for users. Affordances play a key role in an experiential
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view of space(Lakoff 1988 ,Mark and Frank 1996 because they offer a user-centered
perspedive.

Kuhn (1996 applied the theory of affordances to spatiaized user interfaces.
Affordances of physicd space ae mapped to abstrad computational domains through
gpatial metaphars in order to bring human-computer interadion closer to people's
experiences with red-world ogeds. Kuhn goups gatia affordances into four
caegories—affordances for (1) an individual user (e.g., move), (2) a user and an
individual entity (e.g., obedify), (3) a user and multiple entities (e.g., dfferentiate),
and (4) groups of users (e.g., communicate)—, refleding dfferent task situations. In
order to knowv what passengers can doat an airport (i.e., what airport space # ords to
its users) one shoud find ou what spatial affordances the achitedure of an airport
can ofer for people’ s wayfinding. Examples for ead of Kuhri s categoriesin relation
to airport space ae “moving from chedk-in cournter to the gate”, “navigating through
the arport”, “percaving a sign’, “interpreting a sign’, “entering the departure hall”,
“seaching for an emergency exit”, “checking in a the dedk-in couner”,
“differentiating gates’, “mentally organizing the hierarchy of signs’, “communicating
with ather people & the arport”, and “cooperating’ (e.g., help finding ead aher’s
way).

As the literature on wayfinding models does not discussimportant feaures like
“being lost”, there ae no descriptions of negative dfordances such as “getting lost.”
However, it is aso important to find ou abou these negative dfordances. If their
causes—which are highly correlated to the caises of human (wayfinding) errors
(Norman 1988—could be found, it shoud in many cases be possble to dter the
design d aparticular spaceto get rid of its negative df ordances.

Affordances em to be dosely related to image schemata becaise both of these
concepts help people to understand a spatia situation in arder to knov what to do.
The following two examples from Sedion 3.2show the @mnredion between image
schemata and aff ordances: “Tom is entering the building.” shows an experience with
the concept of containment. To enter is an affordance of the objed building and,
therefore, based onthe CONTAINER schema. “Michad is going hane from his office”
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shows the PATH schema. The path from his office to his home dfords Michad to
walk, therefore, motion is based onthe PATH schema. The relation ketween image
schemata and affordances was aso panted ou by Kuhn (1996. Some of his
examples are: percaving is based onthe OBJECT schema, motion is based on the
PATH schema, place ad store ae based onthe SURFACE and CONTAINER schemata.
Therefore, affordances might be operational building Hocks of image schemata. It
remains to be seen whether they provide abasis for structuring wayfinding tasks and
how this compares to the use of image schemata.
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APPENDI X

The following sedion presents transcript and image-schematic representation for one

interview with regard to slides taken at Vienna International Airport in Austria.

Transcript Extracted | mage Schemata

Side1l

| see alarge signwith flight LINK(I,sign),LINK(],flight information);
information. | see cowds of people. | LINK(I,people),FuLL_OF(departure hall,
see asignfor terminal 2.1 don't see people);

“Austrian Airlines.” There'sthe diedk-  LINK(I,terminal-2-sign);

in courters. My gateis51to 65.1 go NO_LINK(I,” Austrian Airlines’);

forward and to theright. I'm lookingfor LINK(I,chedk-in courters);

ashort lineto bein. Even thoughit’s 2LINK(I,MATCHING(ched-in courters,

highit’sa aowded space "51-65"));
IN_FRONT_OF(PATH(I,unspeafied
location),l),
RIGHT_OF(PATH(NEAR_FROM(I,unspedfied
location),ched-in courters),
NEAR_FROM(l,unspedfied locéion)),
ON_SURFACE(l,floor);
PLINK(I,LESS THAN_IN(peoplein line,people
in ather lines,number)),
IN_CONTAINER(l line);
HIGH_OF(celi ng);
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Slide2

It has opened up.l seethe dhedk-in CONTAINER(departure hall),

courters. They are not as crowded as LESS THAN_IN(FULL_OF(departure hall,

they were before. Gate 55isthe placeto people),PREVIOUS FULL OF(departure hall,

ched in. | proceal forward and to the people),scde);

right. | go upto courter 55 a some LINK(I,chedk-in courters);

place aoundthere. | canchek inat a LESS THAN_IN(IN_FRONT_OF(people,check-

particular set of ched-in counters. I’'m  incourters),PREVIOUS IN_FRONT_OF(

looking for those. I'm looking for short  people,ched-in counters),number);

lines. | naticetheyellow signthat says  LINK(I,gate 55),?PATH(l,gate 55);

something abou gates. IN_FRONT_OF(PATH(I,unspeafied
location),l),
RIGHT_OF(PATH(NEAR_FROM(I,unspedfied
location),ched-in courters),NEAR_FROM(I,
unspedfied locaion)),ON_SURFACE(I,floor);
PATH(I,NEAR_FROM(I,gate 55)),CENTER-
PERIPHERY (gate 55,urspedafied locaion),
PATH(I,unspeafied location);
ENABLE_ToO(cognitive information
IN_CONTAINER(mMY courter,courters 51-65),
PATH(I,IN_CONTAINER(courter,
counters 51-65)));
?LINK(l,IN_CONTAINER(COUrtEr,
counters 51-65));
PLINK(I,LESS THAN_IN(peopleinline,
peoplein ather lines,number));
LINK(I,yellow sign),LINK(I,gate-information);
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Slide 3

I naticebright red courters. These ae
with SwissAir and nd with Austrian

Airlines. | che in at gate 55 a 54.1

real the signs. Does the “55” refer to

thetradk? Do | put my luggage onthe
left or ontheright?

LINK(I,red chedk-in courters);
MATCHING(ched-in courters,” SwissAir”),
NO_MATCHING(ched-in courters,” Austrian
Airlines’);

PATH(I,gate 55), PATH(I,gate54),
ON_SURFACE(] floor);

LINK(I,signs);

MATCHING(* 55" track)?,

MATCHING(*55" ,LEFT_OF(luggage-
conveyor-belt,courter 55))?,
MATCHING(“55",RIGHT_OF(luggage-
conveyor-belt,courter 55))?,
ON_SURFACE(luggage,luggage-conveyor-
belt);

94



Slide4

| seehalf of asign upin the upper right.
| head for gate C57.1 don't seewhere C
is. | seethe “Austrian-Airlines’-chedk-
in counters. | dort nead to gothere—
I’ve dready chedked in. It'salow
caling.| haveto duck uncer alow
underpassand then ou into a bigger
area | lookaround.I look at that sign.
If it doesn’t provide me anything I’ Il go
in uncerneah to the other side and look
around.There’ sasign df to theleft. It
blends in with the other yellow signs.

LINK(I,PART_OF WHOLE(rest of signsign)),
IS UP(sign,urspedfied oljed),
RIGHT_OF(sign,urspedfied location);
?PATH(I,gate C57);

NO_LINK(I,"C");
LINK(I,chedk-in courters), LINK(I,” Austrian
Airlines’);

COUNTERFORCE_TO(I chedked in,
PATH(I,chedk-in courters));
Low_OF(cslling);

IS DOWN(PATH(I,IN_CONTAINER(l,areg),
Low(caling)),ON_SURFACE(I,floar),
LINK(I,CONTAINER(are);
CENTER-PERIPHERY (I,unspedfied ojeds),
CoOLLECTION(LINKS(I,unspedfied ogeq));
LINK(I,sign);

COMPELLED_TO _BY({ PATH(I,
CONTAINER(areg),

CENTER-PERIPHERY (IN_BACK_OF(l,
underpass,unspedfied ojeds),
COLLECTION(LINKS(IN_BACK_OF(I,
underpasg,unspedfied ojea))},
NO_LINK(I,sign-information)),
IN_BACK_OF(CONTAINER(areg,uncerpass);
LINK(I,LEFT_OF(sign,urspedfied oljea));
MATCHING(sign,aher yellow signs);
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Slide5

| comeout inabigtaler area | see a
“A, B, C"-gate that saysit’s pasgort
control. The yell ow sign stands out
against the rest of the arport signage.
The “A” and“B” and“C” are
prominent bladk onwhite. It doesn’t say
“departures’ in that diredion.| see &
“A, B, C’-signin the other diredion df
to theright. | goforward and queue up
for pasgort control. | gothrough
pasgort control and head to the gatesin
the A-B-C-area

Slide6

| seeshops. It'swell-lit andit’s not
claustrophobc. | seethe signthat says|
shoud go davn that hall to goto gate
A. That’snat the diredion | want to go.
The asle can’'t go very far. It disappeas
amongthe diff erent shops.

IN_CONTAINER(l,areg),
MORE_THAN_IN(areaprevious aregheight);
LINK(I,gate),LINK(I,”A,B,C"),LINK(I,
"pasgort control”),MATCHING(gate, pasgport
control);

LINK(I,yellow sign),
ATTRACTED_BY(I,PART_OF WHOLE(yell ow
signairport signage));
ATTRACTED_BY(l,”A,B,C"),
ON_SURFACE(blad letters,white ground);
NO_LINK(I,”departures’);
LINK(I,RIGHT_OF(sign,urspedfied oljed)),
LINK(I,"A,B,C");
IN_FRONT_OF(PATH(I,NEAR_FROM(I,
pasgort control)),l),ON_SURFACE(I,floor);
PATH_ALONG(I,gates, CONTAINER(pasgport
control)),IN_CONTAINER(gates,A-B-C-areg);

LINK(I,shops);

ATTRACTED_BY(l,light);
LINK(I,sign),LINK(I,hall),PATH_ALONG(I,
gate A,SURFACE(hall));
COUNTERFORCE_TO(LINK(I,”A”),PATH(I,
gate A));

MATCHING(hall ,aisle),PATH(begin of aidle,
end d aisle),
COMPELLED_TO(NO_FAR_FrRoM(begin of
aisleend d aide));

CENTER-PERIPHERY (aisle,shops),
NEAR_FROM(shops,aisle);
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Slide 7

It'san open space | seethesigntothe  CONTAINER(duty-freespace;

B-C-gates. | seeinformationabou the  LINK(I,sign),LINK(I,” B-C-gates’),

layout of the arport and flight PATH(sign B-C-gates);

information onthe monitors. There's LINK(l,airport-layout-information),

shops. They stand ou against thebadk.  LINK(I,ON_SURFACE(flight information,
monitors));
LINK(I,shops);
ATTRACTED_BY(l,shops),
IN_BACK_OF(unspedfied objeds,shops);

Slide 8

| seelots of shops. | see away toasign  LINK(I,shops),FULL _OF(duty-free

that says“A, C.” There' stwo waysto areashops);

get to C. | see dlight-information-sign ~ LINK(l,sign),PATH(l,sign),LINK(I,”A,C");

hanging from the celing.It's subdwed MERGING(PATH1(I,gate C),PATH2(I,gate C)),

so |l ignaed it. I'm looking for gate C, NO_MATCHING(PATH1(I,gate C),PATHZ(I,

the general gate-C-area | go davnthe  gate C));

shops-areain the center. LINK(I,flight-information-sign),
ISs_Down(flight-information-sign cali ng);
NO_ATTRACTED_BY(l,flight-information-
sign);
2LINK(l,"gates C");
CENTER-PERIPHERY (IN_FRONT_OF(PATH(,
A-C-gates),l),shops),IN_CONTAINER(shops,
ared,ON_SURFACE(l,floar);
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Slide9

| seethe yellow diredion-signs. There's

no“C” inthisdiredionso | giveit up
quick. | naticethe “A” andthe arow
and | move off to adifferent view.

Slide 10

Theyellow diredion-signs srow up
against this <ene. | seethe “C” to go
forward. Beneah thesign| see
diredionsto gates C51to 62which
include my gate. | move straight on
from here. I’ m getting used to looking
for the yellow signs.

Slide 11

Thisisabrightly-lit corridor. It's not
claustrophobc. | seetheyellow signin
the distanceurgingmeon.It'salong
walk straight up the corridor.

LINK(I,yellow diredion-signs);
IN_FRONT_OF(NO_LINK(I,”C"),1),
COMPELLED_TO_BY(l giveup dredion,
NO_LINK(I,"C™));
LINK(I,”A"),LINK(],arrow),
COMPELLED_TO_BY(PATH(I,unspedfied
locaion),LINK(I,”A”)),ON_SURFACE(I,floar),
NO_MATCHING(LINK (unspedfied locaion,
unspedfied oged),LINK(I,”A™));

LINK(I,yellow diredion-signs),
ATTRACTED_BY(l,yellow diredion-signs);
LINK(I,”C"),IN_FRONT_OF(PATH(“C",
gates C),” C”),SURFACE(floor);
LINK(I,”gates C51-62"),LINK(I,arrow),
IN_CONTAINER(MY gate,” C51-62),

IS DOWN(" gates C51-62'+arrow,sign);
IN_FRONT_OF(PATH(I,my gate),l),
ON_SURFACE(l floor);
ATTRACTED_BY(l,yellow signs),
2LINK(],yellow sign);

LINK(I,corridor), ATTRACTED_BY (I light);
MORE_THAN_IN(CONTAINER(corridor),
CONTAINER(previous areas),openness);
LINK(I,FAR_FROM(yellow sign))),
COMPELLED_TO_BY(PATH(l,yellow sign),
LINK(I,yellow sign)),ON_SURFACE(] floor);
IN_FRONT_OF(PATH(I,FAR_FROM(my gate,
D).0);
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Slide 12

| seethe “C51to C62’-sign.There'sa  LINK(I,sign),LINK(I,”C51-C62");

lot of information-signs coming upand  FULL_OF(corridor,information-signs),

they’re blendingall i nto ore gred big FAR_FRoM(information-signs,l),LINK(I,bar),

bar. Informational signs for duty-shops  MERGING_INTO(information-signs,bar);

and dank informational signs are LINK(I,duty-shop-information-signs),

blendinginto things| needtofindmy  LINK(I,blank information-signs),

way. Therefledanceof the floor is MERGING(duty-shop-information-signs,blank

distrading. It adds to the anourt of information-signs,diredion-signs);

yellow inthe scene and makesit hardto  LINK(I,floor),ON_SURFACE(refledance

pick out informationsigns. | gostraight  floor), ATTRACTED_BY (I ,reflecance);

forward upto that spacel can see | COUNTERFORCE_TO(FuULL_OF(corridor,

move up closer to the signsto examine  yellow),?LINK(l,information-signs)),

them. IN_CONTAINER(y€ellow,corridor);
IN_FRONT_OF(PATH(I,NEAR_FROM(I,
CONTAINER(spacs)),l),LINK(I,
CONTAINER(spacg),0ON_SURFACE(I,floor);
ENABLE_TO(PATH(I,NEAR_FROM(I,
information-signs)),LINK(I,information-

signs));
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Slide 13

There' salot of gate-signs. I'm closeto
onethat indicaes“52to 627 I'm
looking for gate 57.1 haveto go up.
The gates branch off. There'salot of
diredion. Way in the distancel see a
“C54to 617 That'swherel’m
heading—df to the center. | passthe

sculpture.

Slide 14

| see aarge number of gates. | seemy
57-gate in the center. The gate-signs are
above the head of the aowd. The
cealing hescomeinlow. My gad is
straight ahead towards the center. | have
to goto theright and aroundthase
posts. | have to avoid a passenger-
lounge-area

LINK(],gate-signs),FuLL_OF(corridor,
gate-signs);
LINK(I,"52-62"),NEAR_FROM(l,”52-62");
PLINK(l," gate 577);
IN_FRONT_OF(PATH(l,gate 57),1),
ON_SURFACE(l floor);

SPLITTING(gates);
FuLL_OF(corridor,diredions);
LINK(I,FAR_FROM(”C54-61",1));
IN_FRONT_OF(PATH(I,”C54-61"),1),
CENTER-PERIPHERY (“C54-61" ,unspedfied
objeds);
LINK(I,sculpture),PATH_ALONG(I,”C54-61",
sculpture);

LINK(I,COLLECTION(gétes));

LINK(I,gate 57),CENTER-PERIPHERY (gate 57,
other gates);
LINK(I,gate-signs),IS_UP(signs,heals),
LINK(I,COLLECTION(people));
LINK(l,Low_OF(caling));
IN_FRONT_OF(LINK(l,gate 57),1);
COMPELLED_TO(RIGHT_OF(PATH(l,gate 57),
unspedfied oged)),ON_SURFACE(l,floar),
LINK(I,posts),CENTER-PERIPHERY (posts,
PATH(l,gate 57));
LINK(I,passenger-lounge-areg),
COMPELLED_TO(RESTRAINT_REMOVAL(
BLOCKED BY (PATH(I,gate 57),passenger-
lounge-areq));
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Slide 15

The gate-areas and gate-courters. I'sa  LINK(I,gate-areas),LINK(I,gate-courters);

big open space | seethe passenger- IN_CONTAINER(gate-areast+gate-courters,

lounge off to eat side of the gates. space;

There'salarge sculptureinthemidde.  LINK(l,passenger-loungg),

| go df totheright to gate C57. LEFT_OF(passenger-lounge,gates),
RIGHT-OF(pasenger-lounge, gates),
NEAR_FROM(passenger-lounge,gates);
LINK(I,sculpture),
CENTER-PERIPHERY (scul pture,
CONTAINER(Space);
RIGHT_OF(PATH(l,gate C57),scul pture),
ON_SURFACE(l,floor);

Slide 16

| see agate. It'sasingle-entry-point—I|  LINK(I,gate);

gostraight through.There'saloading  PATH_ALONG(I,IN_CONTAINER(I,passenger-

areabeyond. lounge),sing e-entry-point),
ON_SURFACE(l,floor);
LINK(l,loading-areg),IN_BACK_OF(loading-
areggate),FAR_FROM(loading-areal);
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The following sedion presents transcript and image-schematic representation for one

interview with regard to slides taken at Frankfurt International Airport in Germany.

Transcript

Extracted | mage Schemata

Slide 1

| see hiedk-in gates. | naticetwo levels
in the darport. There' s an escdator nea
the dhed-in area | see amonitor for
flights off in the distance | see a oude
of signs, somesay “A.” | don't see
signsfor B which ismy gate. | goto the
ched-in courter.

LINK(I,chedk-in gates);
LINK(I,levell),LINK(I,level2),Is UpP(level2,
level1),IN_CONTAINER(levels,airport);
LINK(I,chek-in-areg),
LINK(I,NEAR_FROM(escdator,chedk-in-
ared);
LINK(I,FAR_FROM(flights-monitor,I));
LINK(I,COLLECTION(SIgns)),
LINK(I,COLLECTION(*A™));
NO_LINK(I,PART_OF WHOLE(“B”,signs)),
MATCHING(B,my gate);

PATH(I,chedk-in courter),
ON_SURFACE(l,floor);
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Slide2

| see anumber of gates. | see a to-naot-
enter”-signand | don't see a “enter”-
sign.| seethe munter folks. | seesigns
indicating particular classes of flights, |
see ‘businessclass” It looks like SAS
isasubsidiary of Lufthansa. | don't see
an entrance marked. | go upto right
alongthat blue strip and wait for a
courter to open. I’ m looking for some
“where-to-go” from here. I'm looking
for obvious entrances. The yellow

shields at the courters are eye-caching.

LINK(I,COLLECTION(gétes));
LINK(I,sign),LINK(l,”do-not-enter”),
NO_LINK(I,"enter”);

LINK(I,courter-staff);
LINK(I,signs),PART_OF WHOLE(“flight
clases’,signs),LINK(I,”businessclass');
IN_CONTAINER(“SAS’,” Lufthansa”),
Is_Up(“Lufthansa”,” SAS");
NO_LINK(I,entrance);

LINK(I,blue
strip),PATH_ALONG(I,unspedfied
location,due strip), NEAR_FROM (unspedfied
location,due strip),ON_SURFACE(I floor),
LINK(I,COLLECTION(courters)),
PRESTRAINT_REMOVAL (PART_OF WHOLE(
closed counter, COLLECTION(counters)));
?PLINK(I,dirediona information);
?ATTRACTED_BY(l,entrances);

LINK(I,yell ow shields),CONTACT(yell ow
shields,courters), ATTRACTED_BY (l,yell ow
shields);
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Slide 3

I naticethe blue signs hanging from the
calingthat have “B, C, D, E” marked
onthem. | seethe word “departures’
but | saw the large lettersfirst. | notice
theicon.| seethe escdator up.| seethe
signfor gates-B-areg the arow
pointingto the diredion. | look high on
the calingfor information.| head
forward towards that sign. When | pass
under the sign| look for something to
point off to theright. I follow that group
in front of me.

LINK(I,blue signs),LINK(I,célli ng),
IS_DowN(blue signs,ceiling),
LINK(I,"B,C,D,E"),
ON_SURFACE(“B,C,D,E” ,blue signs);
LINK(I,” departures’), ATTRACTED_BY(l,
"B,C,D,E");

LINK(I,icon);
LINK(I,escdator),PATH_ALONG(unspedfied
locationl,urspedfied locaion2,
SURFACE(escdator)),Is_UP(unspedfied
location2,urspedfied locaionl);
LINK(I,gates-B-sign),LINK(],arrow),
PATH(gates-B-sign,cates B);
2LINK(I,NEAR_FROM(information celli ng)),
HIGH_OF(celi ng),SURFACE(céli ng);
IN_FRONT_OF(PATH(l,gates-B-sign),l),
ON_SURFACE(l,floor);

IS DOWN(PATH(I,unspedfied location),gates-
B-sign),
?LINK(I,RIGHT_OF(PATH(IS_DOWN(l,gates-
B-sign),unspedfied ofgea),l));
LINK(I,IN_FRONT_OF(COLLECTION(people),
1),

ComMPELLED_ToO_BY(l follow people,people
going);
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Slide4

I’m in the big part of the arport. | see a
big departure-board, alot of
advertising. There'r e some kiosks off to
theleft. | seethe “McDonald’s’-sign. |
seethis“chedk-infor” but it's
crowded with informationthat | ignare
it. | look at the departure-board. | go
under the departure-board andfinda
new path. | look for my flight, confirm
the gate. | look for aB-diredionto go.l
see a B” and an arrow pointingin
somediredion bu it’s difficult to see

IN_CONTAINER(l,departure hall),

PART_OF WHOLE(departure hall ,airport);
LINK(I,departure-board),LINK (I ,advertising),
FuLL_OF(departure hall ,advertising);
LINK(I,LEFT_OF(COLLECTION(kiosks),
unspedfied ojea));

LINK(I,“McDonad’ s’-sign);
LINK(I,"chedk-in for”),LINK(I,information),
FuLL_OF(“chedk-in for” information),
NO_ATTRACTED_BY(l,"ched-in for”);

PATH(I,IS_DOWN(I,departure-board)),
ON_SURFACE(],floor),?PATH(IS_DOWN(l,
departure-board),unspedfied oljed);
2LINK(I,my flight),”MATCHING(cogritive
gate-information,baard-gate-information);
PPATH(I,B-gates);
LINK(I1,”B"),LINK(l,arrow),PATH(“B",
B-gates),NO_LINK(l,diredion d arrow),
FAR_FROM(arrow,l);
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Slide5

| seestuff off to theright, | can’'t make
out what it is. Phore boahs or
something like that. | see asign hanging
from thetop. I’ m in the wrong pace
It's abou baggage. | see a@vertising-
signs. Way in the distancel seefamiliar
bluesigns. | see a 'C” but | don't see
anything else. I'm not surewhere I’ m
going.| move forwards towards the
blue indicaor signs. I'm looking for a
new reference point.

LINK(I,RIGHT_OF(unspedfied objeds)l)),
NO_MATCHING(unspedfied ojeds,
cognitive information);
MATCHING(unspedfied objeds,phore
boahs)?,

LINK(l,sign),Is_ DownN(signcaling);
IN_CONTAINER(I,place,
NO_MATCHING(environmental information,
cognitive information);

LINK(I,”baggage”);
LINK(I,advertising-signs);
LINK(I,FAR_FROM(blue signs,l)),
MATCHING(blue signs,previous blue signs);
LINK(I1,”C"),NO_LINK(I,other sign-
information);

PPATH(l,my gate);
IN_FRONT_OF(PATH(I,blue signs),I),
ON_SURFACE(l floor);

2LINK(I,new reference point);
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Slide6

| see abig blue familiar gate-B-sign. |
see ayellow cat being diven towards
me so | get out of the way. A look at
my ticket confirmsthat signindicaes
towards where | want to go.It tellsme
to go df totheleft. | don't seewhere
my next waypoint is off to theleft. | go
upto the sign and goto the left. | chedk
onthe other side of the signsto seeif
they mean | haveto go davnstairs,
becaise there’' s escdators. | get used to
following Hue signs. Off to the left |
seeA,B,CsandD, E's.

LINK(I,blue gate-B-sign),

MATCHING(blue sign,revious blue signs);
LINK(I,cat),PATH(cat,l),ON_SURFACE(cat,
floor), COUNTERFORCE_TO(cart,PATH(l,
unspedfied location));
MATCHING(ticket-information sign-
information);

LEFT_OF(PATH(blue gate-B-sign, cates
B),blue gate-B-sign);
NO_LINK(I,LEFT_OF(waypoint,

blue gate-B-sign));
PATH(I,NEAR_FROM(I,blue gate-B-sign)),
LEFT_OF(PATH(NEAR_FROM(l,blue gate-B-
sign),unspedfied ojea),blue gate-B-sign),
ON_SURFACE(l floor);
PATH(IN_FRONT_OF(l,blue gate-sign),
IN_BACK_OF(l,blue gate-B-sign)),
2LINK(I,IN_BACK_OF(information,

blue gate-B-sign)),LINK(I,escdators),
PATH_ALONG(I,unspedfied locdion,
SURFACE(escdator))?,

Is DowN(unspedfied locaion));
ATTRACTED_BY(l,blue signs),
PATH_ALONG(I,my gate,blue signs);
LINK(I,LEFT_OF(CoOLLECTION("A,B,C”",
"D,E")),unspedfied ojeq);
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Slide7

| see afood-service-areaoff in the
distance and alounge aeafor people
waliting for flights. | dorit know if this
isagenera waitingfor al gate-B-
flights. The blue signs are referring to
the signs above them. | don't seethe
flight there. There' sno geen light
indicating that it’s boarding.| doa 360
andlook at my surroundngsto find
ancther waypoint.

LINK(l,FAR_FROM(food-service-areal)),
LINK(I,Jounge aeg,
IN_CONTAINER(peoplelounge aed);
MATCHING(lounge areggeneral waiting for
gate-B-flights)?,

LINK(I,blue signs),LINK(I,signs),

IS _UpP(signs,blue signs),LINK(blue signs,
signs);

NO_LINK(I,ON_SURFACE(my flight,signs));
NO_LINK(I,MATCHING(green light,”planeis
boarding’));

CENTER-PERIPHERY (I,unspedfied ojeds),
?COLLECTION(LINKS(I,unspedfied ojeds)),
2LINK(l,waypaint);
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Slide 8

The blue signs gand ou inthe arport. |  ATTRACTED_BY(l,blue signs),

seethe blue gate-B-signindicaing IN_CONTAINER(blue signs,airport);

some placeoff to theright. | gothat LINK(I,blue gate-B-sign),

way. | crossout of the shops-areathat RIGHT_OF(PATH(blue gate-B-sign B-gates),
I’'min. | don't seethe hallway that | go  blue gate-B-sign);

off. I goforward andto the left to get RIGHT_OF(PATH(I,B-gates),blue gate-B-
undernedh the sign and look for the sign),ON_SURFACE(],floor);

next indicaor. There's an information PATH(IN_CONTAINER(I,shops-areg),

boah. If I get too confused, I'll go OUT_CONTAINER(l,shops-areq);
there. NO_LINK(I,halway),PATH_ALONG(I,
gates B,hallway);

IN_FRONT_OF(PATH(I,unspeafied
location),l),
LEFT_OF(PATH(l,Is_DOWN(I,blue gate-B-
sign)),unspedfied
location),?LINK(I,indicator);
LINK(l,information bodh);
PATH(l,information bodh)?,

Slide 9

| seethe aorridor | need to moveinto.l  LINK(I,corridor),PATH(I,IN_CONTAINER(I,
seethe “terminal-2-via-skyline.” corridor)),ON_SURFACE(l,floar);

Further down | seethe terminal-B- LINK(I,*“terminal-2-via-skyline”);
forward-arrow-sign. They stand ou LINK(I,FAR_FROM(terminal-B-sign))),
against the gray-green of thewalls. | LINK(l,FAR_FROM(arrow,l)),

head straight down that way. I'mcued  IN_FRONT_OF(PATH(terminal-B-sign,

intotheredanguar signsthat say “B.”  B-gates),terminal-B-sign);
ATTRACTED_BY(l,blue signs),
LINK(I,gray-green wall s);
IN_FRONT_OF(PATH(l,gates B),);
ATTRACTED_BY(l,redanguar B-signs);
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Slide 10

| seethe “B”-sign.| go dawvn andtake a
left. | noticethe “accesfor pasengers
only”-sign. I’ m getting into a seaurity
area

Slide11

| see aot of blueinformation-signs.
Down in the distance | seethe blue B-
sign. Thisis a seaurity-or-ticket-chedk-
point. | dort know how to interpret the
icon. | naticethe tunreling pest the
chedk-point. They have a omputer
terminal covering their entire body.
Thisis arestricted-flow-area | proceal
forward.

LINK(I,sign),LINK(I,"B");
IN_FRONT_OF(PATH(I,unspeafied
locationl),

I),LEFT_OF(PATH(l,unspedfied locaion2),
unspedfied locaionl),ON_SURFACE(l,floor);
LINK(I,sign),

LINK(I,*accessfor pasengersonly”);
PATH(I,IN_CONTAINER(l,seaurity areg);

LINK(I,information-signs),
FuLL_OF(aregblue information-signs);
LINK(I,FAR_FROM(blue B-sign)));
LINK(I,seaurity-chedk-paint)?,
LINK(I,ticket-chedk-paint)?,
LINK(I,icon),NO_MATCHING(icon,
cognitive information);
LINK(I,chedk-paint),
IN_BACK_OF(CONTAINER(tunrel),check-
point),PATH(start of tunrel,end d tunrel),
SURFACE(tunrel);

LINK(I,computer terminal),BLOCKED_BY (
employe€ s bodycomputer terminal);
BLOCKED BY(PATH(OUT_CONTAINER(
peopletunrel),IN_CONTAINER(people,
tunrel)),small entrance);
IN_FRONT_OF(PATH(l,my gate),l),
ON_SURFACE(l,floor);
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Slide 12

Thisisaseaurity-chedkpoint. The glass
wall s and the prominent “B”-sign.
Therere different classes of ched-in. |
go straight throughseaurity.

Slide 13

I’m in awide open space | seethe “B”-
sign.| dont see ay qualifications that
it’sonly for certain gates D it takes care
of everything.| move forward andturn
left down that corridor.

LINK(I,seaurity-chedkpaint);
LINK(I,glasswalls),LINK(I,B-sign),
ATTRACTED_BY (l,B-sign);
LINK(I,chedk-in-classs),
SPLITTING(che-in-classs);
IN_FRONT_OF(PATH_ALONG(I,unspedfied
locaion,CONTAINER(seaurity)),l),
ON_SURFACE(l floor);

IN_CONTAINER(l,wide space;
LINK(I,B-sign);

NO_LINK(I,PART_OF WHOLE(“certain
gates’,”B-gates’)),PATH(B-signal B-gates);
IN_FRONT_OF(PATH(I,unspeafied
location),l),

LEFT_OF(PATH_ALONG(l,gates B,corridor),
unspedfied locaion),ON_SURFACE(I,floar),
LINK(I,corridor);
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Slide 14

| naticeindividual gate signs off to
either side of the corridor. It'salong
walk to gate B45. The gates don't
aternate with odds on ore side and
evens onthe other. The celingislower,
amore @nstricted space There'sa
group d signs down the way. Maybe |
won't have to walk the full length of the
terminal. It branches. | proceead on
straight down the hall and chedk
whether I'm going to branch ore
diredion a the other.

LINK(I,COLLECTION(gate-signs)),
LINK(I,corridor),LEFT_OF(gate-signs,
corridor),RIGHT_OF(gate-signs,corridar);
PATH(I,FAR_FROM(gate B45))),
SURFACE(corridar);
LEFT_OF(NO_LINK_ALONG(first gatet |ast
gatett,orly odd#),corridor),
RIGHT_OF(NO_LINK_ALONG(first gatett | ast
gatett,orly even#),corridor);

Low_OF(celi ng),NEAR_FROM(LEFT_OF(
unspedfied objed,corridor),RIGHT _OF(
unspedfied olgedl,corridor));
LINK(I,FAR_FROM(COLLECTION(signs),l));
PATH(l,FAR_FROM(end d terminal,l))?;
SPLITTING(terminal);
IN_FRONT_OF(PATH_ALONG(I,gate B45,
SURFACE(hall)),l),ON_SuRrFACE(l floor),
MATCHING(PART_OF _WHOLE(diredion,
diredions),PATH(l,gate B45));
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Slide 15

There’s more visual clutter with the
posts and pasters. | seethe “gate-B” -
signindicaing gate B45isthat way. |
see asignfor nonEU nationals—that’s
me. I’ m coming to ancther chedkpaint. |
goforward and hangto the left. There's
adifferent queue for nonEU’s. There's
adifferent path where gates 60 and
above go df. There'sonly onediredion
to begaing. There' snoindicdion d
diredion ontheline-up signs.

LINK(I,posts),LINK(I,posters),
FULL_OF(CONTAINER(areg,postst+posters);
LINK(I,gate-B-sign),PATH(gate-B-sign,
gate B45);

LINK(I,sign),LINK(l,”non-EU nationals”),
MATCHING(sigrn-information cogntive
information);
LINK(I,chekpaint),PATH(I,chedkpaint);
IN_FRONT_OF(PATH(I,unspeafied
locationl),

I),LEFT_OF(PATH(I,unspedfied locaion2),
unspedfied locaionl),ON_SURFACE(l,floor);
LINK(I,queues),SPLITTING(queues),
NO_MATCHING(queue for nonEU’s,

other queues);

SPLITTING(PATH(I,B-gates)),
NO_MATCHING(PATH(I,gates B-below 60),
PATH(I,gates B-above 59));
MATCHING(one diredion PATH(I,gate B45));
LINK(I,line-up-signs),NO_LINK(l,
ON_SURFACE(diredionine-up-signs));
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Slide 16

| seethe pasgort-control-sign. | see
gueues | neda to approach. The gates
are beyondthis paint. It's hard to see
beyondthis paint. | approach the
counter. | goright down the midde.

Slide 17

It opensupand| see aot of gate
information. The signsin the center are
prominent. Gate A is advertised bu it
wasn't prior to this. So it must be that
you haveto exit out and goall the way
badk to the main turn. | seeduty-free
shops. Gate B45is off to theleft. | go
past the kiosk and df to the left.

LINK(I,sign),LINK(],” pasgort control”);
LINK(I,queues),COMPELLED_TO(PATH(I,
queues));

IN_BACK_OF(gates,counter);
2LINK(l,IN_BACK_OF(unspedafied ojed,
courter));

LINK(I,courter),PATH(I,courter),
ON_SURFACE(l floor);
CENTER-PERIPHERY (IN_FRONT_OF(PATH(l,
unspedfied locaion),l) ,courters);

CONTAINER(duty-freeareg),
LINK(I,COLLECTION(gate-information));
LINK(I,signs),CENTER-PERIPHERY (Signs,
unspedfied

objeds),ATTRACTED BY(l,signs);
LINK(I,”gate A”),PREVIOUS NO_LINK(I,
"gate A”);
COMPELLED_TO_BY(PATH_ALONG(*gate
A",

gates A,{ OUT_CONTAINER(person,duy-free
areg,FAR_FROM(main turn,person)}),
LINK(I,”gate A”)),
ON_SURFACE(personfloar);
LINK(I,duty-freeshops);
LEFT_OF(PATH(SIgns,gate B45),signs);
LINK(I,kiosk),
LEFT_OF(PATH_ALONG(l,gate B45,kiosk),l),
ON_SURFACE(l floor);
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Slide 18

| seethe gate-sign. There' s duty-free
shops. | hea straight down. Thisisa
more open area

Slide 19

| seelots of seds. | see a orridor. The
posts present afunrel. There' salinea
orientation to this gpace—it suggests
moving forward. | don't see aay signs.
Way inthe distancel see a 44-to-
something’-sign. | proceel down this

corridor.

LINK(I,gate-sign);
LINK(I,duty-freeshops);
IN_FRONT_OF(PATH(l,gate B45),1),
ON_SURFACE(l,floor);
MORE_THAN_IN(CONTAINER(ared),
CONTAINER(previous ared,openness;

LINK(I,COLLECTION(se&s));
LINK(I,corridor);
LINK(I,posts),PATH(start of funrd,

end d funrel),SURFACE(funrel),
LEFT_OF(COLLECTION(pasts),funrel),
RIGHT_OF(COLLECTION(posts),funrel);
IN_FRONT_OF(PATH_ALONG(I,

end d funngl,SURFACE(funnd)),l);
NO_LINK(l,signs);
LINK(I,sign),LINK(l,” 44-unspedfied #'),
FAR_FROM(sign+"44-unspedfied #));
PATH_ALONG(I,FAR_FROM(sign)),
ON_SURFACE(l,corridar));
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Slide 20

| noticethe usua foregroundto
badkground.l seepeople with luggage-
cats. | see ourtersbut | dor't see
anybodyat the wunters. | see @
information kiosk. | doa360and take
in the whole scene. | dori't see cowds
of passengersthat indicate aboarding
area Behindthat person'sheal isa
“B.” | step to ore side to seewhat it
says down that way. Then I'm ableto

seeif that’s a particular gate designator.

| look df to theleft andright to get
more detail . | proceed dovn past the
guys with the luggage cats.

LINK(I,NEAR_FROM(unspedfied objeds)l)),
LINK(I,FAR_FROM(unspedfied objeds,l));
LINK(I,people),LINK(peopleluggage-cats);
LINK(I,courters),
NO_LINK(I,NEAR_FROM(people,couners));
LINK(I,information kiosk);
CENTER_PERIPHERY (I,unspedfied oljeds),
?COLLECTION(LINKS(I,unspedfied ojeds));
NO_LINK(I,FULL_OF(aregpassengers)),
NO_MATCHING(FULL OF(aregpassengers),
boarding areg);

LINK(I,person’s head),LINK(I,”B”),
IN_BACK_OF(“B”,person’'s head);
NEAR_FROM(unspedfied locaion)),
ENABLE_TO(LEFT_OF(PATH(I,unspedfied
locaion),l),LINK(I,FAR_FROM(information,
1))),ON_SURFACE(I,floor);
ENABLE_TO(RESTRAINT_REMOVAL(
BLOCKAGE(person's heal)), MATCHING(“B”,
gate designator)?);

PLINK(l,unspedfied ojeds),
LEFT_OF(unspedfied objeds,l),
RIGHT_OF(unspedfied objeds)|);
IN_FRONT_OF(PATH_ALONG(I,unspedfied
location,{peopleluggage cats}),l);
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Slide 21

| see a cowd. Centered is gate B45 LINK(I,people),FULL _OF(gate-aregpeople);

which ismy gaal. People have alot of LINK(I,gate B45),CENTER-PERIPHERY (

luggage. | donit know if there’sluggage gate B45,people), MATCHING(environmental

chedk-in. | get in the queue and goto gate-information cogniti ve gate-information);

the ourter. LINK (people,COLLECTION(luggage));
LINK(I,luggage-ched-in)?;
LINK(I,queue),PATH(I,queue),ON_SURFACE(
I,floor),LINK(I,courter),PATH(I,courter);
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