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Abstract. Previous recent research on human wayfinding hes focused primarily
on mental representations rather than processes of wayfinding. This paper
presents a forma model of some aspeds of the process of wayfinding, where
appropriate dements of human perception and cognition are formally redized
using image schemata and aff ordances. The goa-driven reasoning chain that
leads to adion kegins with incomplete and impredse knowledge derived from
imperfed observations of space Actions result in further observations, derived
knowledge and, reaursively, further adions, until the goal is achieved o the
wayfinder gives up. This paper gives a formalizaion d this process using a
modal extension to clasgcd propositional logic to represent incomplete
knowledge. Both knowvledge and adion are represented through a wayfinding
graph. A spedd case of wayfinding in a building, that is finding ore's way
throughan airport, is used to demonstrate the formal model.

Keywords. Wayfinding, Image Schemata, Affordances, Spatia Reasoning,
Knowledge Frames, Logic, Graphs.

1 Introduction

In order to represent and simulate peopl€e’ s processs of wayfinding it is necessary to
uncerstand hav people immediately make sense of spatial situations while
performing a wayfinding task. The formal model of wayfinding presented in this
paper is founded ona framework consisting d image schemata and aff ordances, both
of which are useful ways to represent people’s perceptual and cognitive structures.
Image schemata ae reaurring mental patterns that help people to structure and
operate within geographic spaces. An affordanceis what an ohjed, an asemblage of
objeds, or an environment enables peopleto da

Previous reseach onhuman wayfinding hes focused mainly onthe exploration o
cogntive representations, or what Norman [26] cdls “knowledge in the head.” At the
same time, little atention has been paid to “knowledge in the world”, such as the



processes of wayfinding and information reeds [11]. Norman argues that people do
not neal to have cmplete knowledge of the spacein order to behave dfedively. The
starting pant of our model is that knowledge is distributed, partly intrinsic to the
wayfinder, but also partly residing in the world and in the mnstraints of the world.

The model of the wayfinding processin built environments presented in this paper
is smilar to Kuipers [18] TOUR model where views lead to adions, which leal to
further views. Leaning and problem solving while traveling in a large-scde urban
environment is dmulated with this model. But Kuipers focuses on knawledge
representation (i.e., “knowledge in the head”), whereas our approach also takes
“knowledge in the world” into acourt (i.e.,, what information can we get diredly
from the objeds and pdaces we observe, namely their affordances). This paper
represents the process of wayfinding wsing a transition gaph, the wayfinding gaph,
where the transitions are between views and states of knowledge. A succesdul
navigation throughthe space orresponds to atraversal of the graph ending at a goal
noce.

Sedion 2 pesentsthe cae study o finding ore'sway from the dhedk-in courter to
the gatein an airport. Our formal model is later applied to this case study. In sedion 3
we review reseach on spatial reasoning and wayfinding, introduce the mncepts of
image schemata and aff ordances, and explain how these two concepts are related. At
the end d the sedion a reasoning framework abou observations of the empiricd
world based on olservation schemata, observation instances, knowledge frames, and
knowledge instances is described. Sedion 4 shows the formal model of the
wayfinding process whose principal elements are awayfinder, objeds, knowledge,
and adions. In sedion 5the formal model is applied to a subtask of the cae study
described in sedion 2, using the wayfinding gaph. Sedion 6 pesents conclusions
and suggests diredions for future work.

2 Wayfinding in a Built Environment: Case Study

In order to clarify the mncepts and methods used in this paper, we describe an
example that ill ustrates the kind o situation in which ou approach applies. The
example @ncerns the problem of wayfinding in a built environment, spedficdly
finding ore’'s way from the chedk-in courter to a spedfic gate in an airport. In this
example we use the built environment of Vienna International Airport, taken from
Raubal [31] and Raubal and Egenhofer [32] (Figure 1).

The task of going from the departure hall to the gate mnsists of 3 subtasks that
have to be performed in sequential order. People have to chedk in, move through
pasort control, and move throughseaurity control at the gate. Table 1 shows a short
description o the diff erent viewpoaints people have to facewhil e performing this task.

During interviews ([31], [32]) subjeds described their spatial experiences in this
airport environment whil e orienting themselves and ravigating throughthe space A
sequence of color slides was used to simulate the route-following task from the
departure hall to gate C57. The focus of this testing d human subjeds was to recave
data for the existence of image schemata in wayfinding (see dso [33]). A lingustic



method was applied to extrad image schemata from the transcripts of the interviews.
We use the resulting semi-formal image-schematic representations in sedion 5 to
deduce df ordances from image schemata.
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Fig. 1. Part of ViennaInternational Airport
Table 1. Viewpoints and their descriptions
Viewpoints Description
1 Entranceto airport (i.e., departure hall)
2 Departure hall
3 Ched-in area
4 Departure hall after ched-in
5 Pasgort control
6,7,8 Duty-free aiea dter pasort control
9,10 Duty-free aea
11,12,13 14 Hallway to gate aea
15 Gate aea
16 Gate



3 Background

3.1 Spatial Reasoning and Wayfinding

Finding ore’s way througha building relies on a variety of elements. People have to
make intuitive and quick dedsions while & the same time they must avoid getting
lost. Therefore, they apply common-sense (geographic) knowledge [18] and
qualitative methods of spatial reasoning ([6], [2], [5], [7]). When people perceive
spacethrough dfferent channels they arrive & various kinds of information that are
usualy qualitative in nature. People dso most often use topdogicd instead of
metricd information [30].

Human wayfinding is based on “a consistent use and aganizaion d definite
sensory cues from the external environment” [22]. It takes placein many dfferent
situations in which people find themselves, such as driving acossa @urtry, waking
in a dty, or moving througha building [11]. The ultimate goal of human wayfinding
is to find the way from one placeto ancther. People need to have spatial knowledge
and various cogntive ailities to succea in wayfinding (e.g., following a path).
Spatial knowledge is asumed to consist of landmark, route, and survey
(configurationd) knowledge [35]. The mgnitive ailiti es depend onthe task at hand,
e.g., finding ore’sway in a stred network or navigating througha building. It is aso
asumed that people represent their environment in a cogritive map, i.e., a mental
representation that corresponds to people’s perceptions of the red world [19].

Human wayfinding reseach can be divided into two caegories [11]: performance
and competence The literature on performance contains empiricd results of how
people find their way. Lynch’s [22] principles for city design are regarded as the
foundition for human wayfinding reseach. Weisman [36] identified four classes of
environmental variables that influence wayfinding performance within built
environments: (1) visua access (2) architedural differentiation, (3) signs and room
numbers to provide identificaion o diredional information, and (4) plan
configuration. Other researchers ([9], [8], [27], [28]) confirmed his results. Seidel’s
[34] 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.
People’'s famili arity with the environment also has a big impad on wayfinding
performance ([9], [34]).

In addition to empiricd studies of performance, cogritive wayfinding models have
been investigated in what is referred to as competence literature. Cogritively based
computer models generally simulate awayfinder that can solve route-planning tasks
with the help of a cogritive-map-like representation. Kuipers’ [18] TOUR model is
considered the starting pant for a computational theory of wayfinding. It simulates
leaning and problem solving while traveling in a large-scde urban environment.
Knowledge is represented through environmental descriptions, current positions, and
inference rules that manipulate them. Other cogritively based computer models are
ARIADNE [3], a program that leans fadlit ators and otstructers for pragmatic two-
dimensional navigation, TRAVELLER [21], SPAM [25], and ELMER [24].
Neurologicdly based information processng is used in NAVIGATOR [13]. By nat



focusing onthe processs of how people asdgn meaning to their spatial environments
as they navigate throughthem, most of these models fail to incorporate comporents
of commonsense knowledge. Therefore, Golledge [12] mentions the possbility of
spatial knowledge not being well described by existing theories or models of learning
and uncbrstanding.

3.2 Image Schemata and Affordances

Image Schemata. Johnson [15] proposes that people use reaurring imaginative
patterns, so-cdled image schemata, to comprehend and structure their experiences
while moving through and interading with their environment. Image schemata ae
intended to be pervasive, well defined, and o sufficient structure to constrain
people’s understanding and reasoning. The PATH schema, for example, represents
movement and is therefore important for wayfinding. It is dructured through a
starting pant, an endpant, and a mnredion ketween these points.

In order to perform a wayfinding task people need to understand spatial situations
and hesed onthis understanding dedde which way to ga Image schemata off er a way
to describe people’simmediate grasp of meaning; in order to understand the world at
a particular paint in time they apply image-schematic structures to spatial situations.
Such a structuring processhelps them to use their environment withou concentrated
effort (i.e., throughcommon sense). For example, to follow a route from one placeto
ancther, people gply the PATH and SURFACE schemata. In this ense, image schemata
help people to relate previous experiences with current environmental perceptions to
uncerstand the daraderistics of a particular spatial situation. Relating image
schemata to red-world situations is based ontopdogicd concepts; e.g., people can
relate abuilding to the CONTAINER schema becaise they perceive its inside-outside
structure. Image-schematic reasoning is aso qualitative becaise people do nd use
absolute values, such as the exad position d an entrance within a aordinate system,
in their everyday lives.

Affordances. The term affordance was introduced by Gibson [10] who investigated
how people percdve their environment. Gibson described the process of perception
as the etradion d invariants from the stimulus flux and cdled these invariants
affordances. Affordances are what objeds or things offer people to do with them.
Therefore, they creae potential adivities for users. Norman [26] investigated
aff ordances of everyday things, such as doars, telephores, and radios, and argued that
they provide strong clues to the operation o such things. He daraderized
aff ordances as results from the mental interpretation o things, based onpeople’'s past
knowledge and experiences which are gplied to the perception d these things.
Affordances, therefore, play a key role in an experiential view of space([20], [23]),
becaise they off er a user-centered perspedive.

Kuhn [17] applied the theory of affordances to spatialized user interfaces.
Affordances of physicd space ae mapped to abstrad computational domains through
spatial metaphars in order to bring human-computer interadion closer to people’s



experiences with red-world ohjeds. Kuhn goups 9atial affordances into four
caegories—affordances for (1) an individua user (e.g., move), (2) a user and an
individual entity (e.g., objedify), (3) a user and multiple entities (e.g., differentiate),
and (4) groups of users (e.g., communicate)—, refleding dff erent task situations. In
order to know what passengers can doat an airport one has to find ou what spatial
affordances the achitedure and objeds of an airport can ofer for people’s
wayfinding. Examples for ead of Kuhri's categories in relation to airport space ae
“moving from chedk-in courter to the gate”, “perceiving and interpreting a sign”,
“differentiating gptes’, and “communicaing with ather people & the drport.”

Relation between Image Schemata and Affordances. Affordances are dosely
related to image schemata because bath of these mncepts help people to understand a
spatial situation in order to know what to da The following two examples ow the
conredion ketween image schemata and aff ordances.

Example 1: Tom is entering the departure hall.

Example 2: Michad is going from pasort control to the duty-free aea

Example 1 shows an experience with the concept of containment. To enter is an
affordance of the objed departure hall and, therefore, based on the CONTAINER
schema. Example 2 shows the PATH schema. The path from pasgport control to the
duty-free @ea dfords Michad to walk; therefore, motion is based on the PATH
schema.

Certain scenes we observe match a @lledion d image schemata and from these
image schemata we can deduce dfordances. For example: I'm in a room
(CoNTAINERL) and through an open doa | can see acther room (CONTAINER2).
Based onthe structure of the CONTAINER schema (inside, outside) | can now deduce
the dfordance of crossng the border (the doar) and, therefore, moving from the
inside of CONTAINERL to its outside (which is the inside of CONTAINER2). In this
case, the CONTAINER schemata ae instantiated throughthe two rooms.

3.3 Reasoning about Observations of the Empirical World

Our knowledge of the empiricd world is gained by making olservations of parts of
the world (a geographic spaceis sich that it is imposdble in general to olserve the
whole spacein ore observation). Previous work [40] has provided a structure for the
treament of impredse knowledge derived from observations. Figure 2 shows the
framework in which observation-based knowledge of the empiricd world is
structured.



observation knowledge

schemata —> frames
observation knowledge
instances —> instances

Fig. 2. Framework for knowledge of the empiricd world

Observations. An ohservation schema is the framework and context in which an
observation is made. The observation schema includes the spatia and temporal
locdion at which the observation is made, the scope (spatial and semantic) of the
observation, limitation d measuring instruments, and predisposition d the observer.
The observation schema may leal to levels of impredsion and incompletenessin the
observation instances made with resped to it.

Example: An observation o a sign to a gate aea A, B, or C. Due to the
positioning d the sign with resped to the observer, and the style of the sign, suppcse
that the observer will be unable to distinguish the letters A and C. Following the
observation, an observer would either gain knowvledge that the signindicates gate aea
A or C, or that the sign indicaes gate aeaB. If the observation leads to knavledge
that the sign indicates gate aea A or C, then impredse (and therefore cetainly
incomplete) knowledge has resulted.

An observation instance (or just observation) is a spedfic observation made in the
context of its observation schema and with resped to a particular given propaosition a
set of propasitions. Intuitively, we make the observation so asto determine & best we
can whether the propasitions are true or false, but due to the impredsion d the
observation we caind in genera make such a aisp determination. Thus in ou
example, we may make an olservation d the sign to determine whether the path
ahea to ou goal (gate C57) is the corred one. In this case, the propasition, whose
truth-value we ae dtempting to determine by making the observation, is as foll ows:
The signindicates that the gate aea deal isareaC.

Knowledge. The knowledge frame is the framework in which knowvledge can be
ohtained from an olservation schema. This will depend onthe context, predsion,
acairagy, and aher quality measures, associated with the observation schema.

In order to formalize this, we provide amodal extension to classca propasitional
logic ([14], [11, [37], [4]). Suppcse that the espeds of the world that we can in
principle observe can be described in terms of a nonempty set of propasitions. Each
of these propgsitions is either true or false, and propasitions can be combined by the
usual logicd operators A (and), v (or), — (nat), —> (implies), etc. In the example



above, the propasitions might be that the gate aeaindicaed bythe signis A, the gate
areaindicaed bythe signis B, or that the gate aeaindicaed bythesignisC.

We can now consider the set of al posdble states of the world (possble worlds in
the Kripke [16] sense), where eab state mrresponds to a mnsistent valuation d all
the propasitions. Our example mnsists of the threestates:

S,, Where the gate aeaindicaed bythesignisA.

S,, Where the gate aeaindicaed bythe signisB.

S.. Where the gate aeaindicaed bythesignis C.

Thus, the phenomenon unér observationisin ore of a @lledion o states, eat state
being represented as the valuation o the propasitions. If an observation were
perfedly acarate and completely predse, it would identify amongthe possble states
asingle state, and that would be the adual state of the phenomena under observation.
The level of predsion d an olservation schema can be though of in terms of the
states that are discernible by the observation schema. In the example, A and C cannat
be distinguished, and this implies that regardless of the adual observation made,
states s, and s, will not be distinguishable.

In general, a given observation schema will have asciated with it a knowledge
frame, and in the cae of an impredse observation schema the frame refleds the
impredsion byindicating that certain states of the world are indistinguishable by any
observation based onthe observation schema. In many cases (and in the work dorein
this paper) it makes £nse to consider the indiscernibility relationto be an equivalence
relation that induces a partition on the possble worlds into blocks. By way of
ill ustration, the observation schema given in ou example partitions the states into
blocks: {s,, s} and{s.}.

A knowledge instance is the knowledge aquired from an observation. The
knowledge frame asciated with the observation schema will structure this
knowledge. Suppcse that we make aspedfic observation, say o, in the mntext of an
observation schema and with resped to a particular given propasition, say p.
Knowledge of propasition p is represented as K, (p), itself a propasition, and taken to
read that “following olservation o, we know that propasition p is true.” There ae
various combinations, some of which are listed below:

Ko(P) Following olservation o, we know that p istrue.
Ko(—p) Following olservation o, we know that p isfalse.
—Ks(p) Following olservationo, we do nd know that p istrue.

—=Ko(=p) Following olservationo, we do nd know that p isfalse.

In the continuation o our example aove, we made an okservation d the sign to
determine if the path ahead to ou goal (gate C57) is corred. The knowledge gained
will depend onthe result of the observation. There ae two cases:

1. We observethat the signindicates either gate aeaA or gate aeaC (the
observation schema does not permit distinction between these letters). Then the
following modal propasitions are the cae:

K,(gate aeaindicaed bythe signis A v gate aeaindicated bythe signis C).

—K,(gate aeaindicated bythesignisA).

—K,(— gate aeaindicaed bythesignisA).



2. We observe that the signindicaes gate aeaB. Then

K,(gate aeaindicaed bythe signis B).

Suppase that we make aspedfic observation, say o, in the context of an impredse
observation schema and with resped to a particular given propgsition, say p. As we
have seen, we will only know for certain that p is true if the block of the observation
schema that we observe to be the cae is one for which p is true in al constituent
worlds. If it isthe cae that p is true in some worlds of the block and false in athers,
then we can orly say that p may betrue. If pisfalsein al constituent worlds, then we
will definitely know that the propgsition is false. This is esentialy the theory of
roughsets ([291], [39], [38]), where for eat element X, there ae threeposshiliti es:

x is definitely in the roughset.

x is definitely nat in the roughset.

xisposshly in the roughset or nat in the roughset.

4  Observation-Knowledge Structures for Wayfinding in Built
Environments

In this £dion we describe our propcsed process modd for wayfinding in bult
environments. The main parts of the model are awayfinder who tries to solve aroute-
finding task, objeds within the built environment, knowledge gained from image
schemata and aff ordances, and adions that are taken by the wayfinder based onsuch
knowledge (Figure 3).

4.1 Objectsand their Affordances

Whil e finding their way througha built environment, people observe objeds and their
aff ordances. Objeds can be thingslike signs, doars, paths, shops, etc. In this paper we
use the term objed in a general way. Objeds do nd have to be tangible and al that is
required from objeds here is that they can be locaed in a spatial scope and have
aff ordances. Image schemata seam to fit these cnstraints, therefore we use them for
the representation d objeds, i.e., for representing spatial context. It is possble to
deduce df ordances from image schemata even if the objed represented by an image
schema caana be exadly spedfied by the wayfinder. For example, the notion d an
open space ca be represented throughthe CONTAINER schema and the wayfinder can
deduce dfordances such as being inside, leaving it, etc. from it. Image schemata ae
also used to represent other types of spatial context such as height: The fad that a
signis hanging from the caéling can be represented as|s_DowN (sign, celing).
Objeds offer different aff ordances to people finding their way. For ead element x
in a set of objeds X there eists a set of affordances F,. We distingush between
information &fordances and action dfordances. For example, a doa affords both
information (i.e., there is a path this way and something onthe other side) and adion
(i.e., passng through the doa to get to the other side). We represent the set of



aff ordances asthe disioint union o two sets, i.e., |, (information aff ordances of x) and

A (adionaffordances of x). Formally, F, =1 U A.

Observation schema

OBIJECTS
(image-schematic context)

information action

ﬁ Observation instance =
observing affordances

WAYFINDER

Knowledge frame ﬂ Knowledge frame

J g

PRE-KNOWLEDGE POST-KNOWLEDGE
STATE STATE

Fig. 3. Processmodel for wayfindingin built environments

Knowledge instance

4.2 Knowledge and Action: The Wayfinding Graph

In order to represent and simulate knowledge and adion in awayfinding situation, we
use aweighted, labeled direded graph, the wayfinding gaph The intuition is that the
nodes of the graph represent states of knowledge and current locaion in the
wayfinding process while the alges represent transitions either between views or
between states of knowledge. Information aff ordances of objeds in scope, lea to
knowledge transitions; while adion affordances of objeds in scope, lead to view
transitions. In red examples of the wayfinding process information and adion may
be simultaneous and continuous, but our model discretizes the process and separates
information and adion.

More formally, an ordered peir, comprising a view state and a knowledge state
labels eat nock of the wayfinding gaph. The view state is modeled as a set of
objeds in scope of the airrent view. The incomplete knowledge state is modeled
using aKripke frame, as described in sedion 3 Each dreded edge of the wayfinding



graphislabeled by an aff ordance provided by ore or more of the objeds in the view
state that is part of the ordered pair labeling the source node of the elge. If the
affordanceis an information aff ordance, then the target node of the direced edge will
be labeled by the same view state but possbly different knowledge state (taking into
acourt the knowledge gained from the information aff ordance). If the dfordanceis
an adion aff ordance, then the target noce of the direded edge will be labeled by the
same knowledge state, but possbly a different view state (taking into ac@urt the new
set of objeds in scope following the adion). The &fordances might be prioritized, in
which case navigation d a path through the graph will be influenced by the
prioritization. For ease of representation, it is metimes useful to amalgamate a
colledion d viewpaints or knowledge states into a singe “hypernode.” We will see
an example of thisin the cae study o sedion 5

The wayfinding gaph hes at least two distingushed nodes, the start node where
the wayfinding process begins and the goal node(s) that mark the end d the
wayfinding process We can nov simulate the processof wayfinding bya traversal of
the graph from the start state to ore of the goal states. As the traversal of the
wayfinding gaph progresss, the user physicdly moves around the space gaining
knowledge in the process

(vO, K1) \0

vo.k0)

NI 2 (v1, k1) V1

Fig. 4. Examples of wayfinding and adion gaphs

The adion structure within the wayfinding gaph represents explicitly the dhoices
that are avail able during the wayfinding process andit is often useful to consider this
separately from the knowledge comporent. This is achieved formally by taking an
appropriate projedion d the wayfinding gaph. The action gaphis derived from the
wayfinding gaph by amalgamating all the nodes labeled by the same view
comporent into a single node, and eliminating the knowledge comporents that Iabel
the nodes and the alges labeled by information affordances. The left diagram in
figure 4 shows an example of a small wayfinding gaph with four nodes and three
edges, and onthe right is its projedion as an adion gaph with two nodes and ore
edge. In the example, the elges of the wayfinding gaph labeled by information
affordancesi andi’ are diminated in the adion gaph, and noaks labeled with (vO, kO)
and (vO, k1) are analgamated into the single node vO (similarly for (v1, k1) and (v1,
k2)).



If we ae interested in the state of knowledge of a person at different stagesin the
wayfinding process then this may aso be derived from the wayfinding gaph.
However, a little cae is required here, as knowledge is not just dependent uponthe
viewpaint. It might be the cae, for example, that the person returns to a viewpoint
previoudly visited having gore to look more dosely at amap or explore partly a path.
Inthiscase, it islikely that the viewpoint will be revisited with increased knowledge.

5 Formal Representation of Wayfinding in a Built Environment:
Case Study

In this ®dion we demonstrate the formal model of the process of wayfinding by
applying it to a subtask of finding ore’s way from the dedk-in courter to a spedfic
gatein an airport, i.e., moving through @asort control. Thisis a spedalizaion o the
case study presented in sedion 2

5.1 Description of Subtask

The subtask used to demonstrate the formal model is “moving through assport
control.” The wayfinder stands in front of pasgport control and has to move throughit
in order to get closer to the goa. After moving through msgport control the
wayfinder faces a dedsion pant with three views and three possble path
continuations (Figures 5, 6).

Fig. 5. Moving through mssort control at Vienna International Airport



View 1 (v1)

View 2 (v2) View 3 (v3)

\/

View 0 (vO)
Fig. 6. Moving through msort control at Vienna International Airport (viewsO0, 1, 2, 3)

5.2 Deducing Affordances from I mage-Schematic Descriptions

The first step is to deduce the information and adion affordances from image-
schematic descriptions. We use transcripts and extraded image schemata from the
case study described in sedion 2 As an example we give one transcript and the
extraded image schemata for the view vO in front of pasgort control (Table 2).



Table 2. Transcript and extraded image schemata for the view vO0 in front of pasgort control

Transcript

Extracted |mage Schemata

“l comeout inabig taller area”

“I see @ “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, B, C"-signin the other
diredion df to theright.”

“1 goforward and qeue up for pasgort
control.”

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

IN_CONTAINER(l,areg),MORE_THAN _
IN(areaprevious aregaheight);
Link(1,gate),LINK(I,"A,B,C"),

LiNk (1, passport control™),
MATCHING(gate,pasgort control);
Link(1,yellow sign),
ATTRACTED_BY(I,PART_OF WHOLE
(yellow sign,airport signage));
ATTRACTED_BY(I,”A,B,C"),
ON_SURFACE(black letters,white
ground;

No_LINK(I,”departures’);

LINK(I,RIGHT_OF(sign,unspedfied
ohjed)),LINk(l,”A,B,C");
IN_FRONT_OF(PATH(I,NEAR_FrROM(I,
pasort control)),l),
ON_SurrAcke(l,floor);
PATH_ALONG(l,gates,CONTAINER
(passgport contral)),
IN_CONTAINER(gates,A-B-C-ared);

Table 3. Information and adion aff ordances for view vO0 in front of passport control

X IX

AX

IN_CONTAINER(l,areg

Link(1,"A,B,C"-gate) =
LINK(I, pasgport control)

ATTRACTION(SIgn) +
ATTRACTION(*A,B,C")
No_LINK(I,”departures”)

Thereisaway to gates A,
B, C[il]. The “A,B,C"-
gateis pas. control [i2].
Thisisimportant
information [i3].
Informationis missng[i4].

Move aoundthe aea[al].
Leavethe aeala2].

Go throughthe “A,B,C"-
gate and pasgort control
[a3].

Lookfor “departures’ [&4].

Link(l,other “A,B,C"-sign) Thereisaway to gates A,

B, and C[i5].

This path isthe way to
pasgort control [i6].

The path through assport
control isto the gates[i7].

PATH(I,passport control)

PATH_ALONG(l,gates,pass
port control)
CONTAINER(pasgoort
control)
IN_CONTAINER(gates,A-B-

C-ared C-arealig].

Go to pasgport control and
gueue up [a5].

Go to the gates through
pasgort control [a3].
Enter pasgort control [a6].
Leave pas. control [a7].

These gates are in the A-B-



Acocording to sedion 41 we can now deduce the information (Ix) and adion (Ax)
aff ordances from the image-schematic description (Table 3). Information and adion
affordances for the rest of the views of the subtask are deduced in the same way
(Tables 4, 5, 6).

Table 4. Information and adion aff ordances for view v1 (duty-free aea dter pasgort control)

IX AX

Move aound the duty-free aea [ag].
Leave the duty-free aiea[a9].

Thereisaway to gatesB and C[i9]. Goto gatesB and C [al0Q)].

There is information abou the drport Move doser to get predse information
layout and flight information[i10]. [al]].

There ae shops[ill]. Buy gooc[al2].

The shops are important [i12].

Table 5. Information and adion aff ordances for view v2 (duty-free aea dter pasgport control)

I1X AX

There ae shops[il3]. Buy good[al3].

There is a way to gates A that goes down the Go downthe ddeto gates A [al4].
aide[il4).

The dde caana go wery far [i15].

| do na know wherethe end o aideis|[ilf].

Table 6. Information and adion aff ordances for view v3 (duty-free aea dter pasgort control)

IX AX

There ae many shops[il7]. Buy goods[al5].
Thereisaway to gates A and C [i19]. Go to gates A and C [alf].
Thereis subdued flight information [i19]. Move doser to seefull information[al7].

5.3 TheWayfinding Graph Applied to the Subtask

Figure 7 shows the adion gaph for this example. The wayfinder starts at view VO,
outside pasgort control, and, having gained knowledge from that view, takes one of
the adions al to a4 to move to a new view. Those views outside the scope of this
discusdon are indicated in the figure by “?”. Views immediately following passge
through @sgort control are presented to the observer in dfferent orientations but at
the same locaion. These three views, v1, v2 and v3, are encgpsulated into a single
“hypernode.” Actions resulting from these views either lead to unknavn views
outside the scope of consideration in this case study, or to ore of the views v4, v5 and
v6, further alongthe path to a gate.



Fig. 7. Action gaph applied to the subtask “moving through @sgort control”

Due to their number, the knowledge transitions in the wayfinding gaph are not
discussed here in full. To ill ustrate the ideg knowledge is gained by otservations of
information affordances of objeds in scope of the view. It is asaumed that the
wayfinder has ome level of deductive cgability (e.g., deductively complete with
resped to first order logic). At the outset, information affordances i1 — i8 are
presented to the wayfinder providing fairly convincing evidence of an appropriate
path to and through msgort control leading to gates A, B, and C, and thus to the
goal. With this knowledge, the wayfinder might dedde to take adion a3 which is
composed of a5 followed by a6 and a7, to progressto views v1, v2, and v3. Further
information then gudes the dedsion d what further adion shoud be taken.

6 Conclusionsand Future Work

In this paper we presented a formal model of the process of wayfinding in bult
environments. The model integrated elements of people’s perception and cogntion
(i.e., image schemata and aff ordances), therefore focusing on hev people make sense
of their wayfinding environment. Starting with imperfed observations of space the
wayfinder derives incomplete and impredse knowledge, and based on such
knowledge takes an adion. Actions lea to further ohservations and knowledge and,
rearsively to further adions until the goa is reahed. We gplied the formal



framework to a subtask of finding ore’'s way from the ched-in courter to the gate in

an airport to show the goplicability of the model, using awayfinding gaph.

Our work showed that it is posdble to provide aformal framework of the process
of wayfinding that integrates parts of people’'s perception and cogntion with
information and pcssbiliti es for adion aff orded by the wayfinding environment. The
wayfinding gaph provides a discrete, dynamic model of knowledge and adion as the
wayfinding process progreses. Such a model, based on transitions within a finite
graph, is computationally tradable, and allows computer simulations of wayfinding
that take acount of both “knowledge in the world” and “knowledge in the heal.” The
model is of course only an approximation to the red processof human wayfinding,
and further work is required to determine how closely it approximates to wayfinding
in the red world. For example, color of signage and individual wayfinding criteria
such as minimizing travel time or minimizing stress[12] might be alditional fadors
that need to be built i nto the model.

Further notes for future work:

1. In the aurrent model the logic is monaonic, becaise knowledge never deaeases as
the navigation processprogresses. In red applications knowledge might deaease,
due to confusion, information owerload, or just forgetting. Thus, a nonrmonaonic
logic isrequired to model the adivity more acarately.

2. The model needs to be implemented in order to analyze performance ad
computational cost.

3. Image schemata ae @ntroversial because it is difficult to prove the existence of
these mental patterns. Future work is required to bring further enlightenment to
thisidea

4. More reseach on the relation between image schemata and aff ordances will be
necessry. We used semantic conndation to deduce dfordances from image
schemata. Future work is required to make aformal connedion between the two.

5. As the literature on wayfinding models does not discuss important feaures like
“being lost”, there ae no descriptions of negative dfordances such as “getting
lost.” However, it isimportant to find ou about these negative fordances. If their
causes—which are highly correlated to the caises of human (wayfinding) errors
[26]—could be found it could in many cases be posdble to alter the design o a
particular spaceto get rid of its negative dfordances.
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