SPATIAL COGNITION AND COMPUTATION,vol(issue), 1—end
Copyright © YYYY, Lawrence Erlbaum Associates, Inc.

Pragmatic Construction of Destination
Descriptions for Urban Environments

Martin Tomko
University of Zurich, Switzerland

Stephan Winter
The University of Melbourne, Australia

Destination descriptions are route descriptions focusinghe ‘where’ of

the destination instead of the ‘how’ to reach it. They previolst a coarse
reference to the destination, and then increasingly mawgldd ones as the
description proceeds. In this paper, we introduce a dedmitif destination
descriptions, along with an analysis of the constructiahiaterpretation of
destination descriptions grounded in pragmatic commtioicaheory. We

present a formal model enabling the selection of referefaredestination

descriptions from models of experiential hierarchies @furenvironments.
This model allows for a provision of route directions for peowith some

knowledge of the environment. Destination descriptiomsusually shorter
and we conjecture that the cognitive workload requiredrdutheir use is
lower than for the equivalent turn-based directions.

Keywords: relevance, spatial communication, destination desorigti ex-

periential hierarchies

1 Introduction

Ways how people convey place descriptions, as answevgherequestions, are
well investigated (see, e.g., Paraboni et al., 2007; TyeraB03). If the situa-
tional context allows assuming some shared knowledge d@hewtructure of the
environment, place descriptions typically have a hienaadbstructure, referring
to well-known and unambiguous elements:
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“Where are the keys?
“They are in the living room, on the table.

Tversky (2003) calls these elements landmarks. The sameste can be found
in some route directions. Consider, for example, a passanggucting a taxi
driver in the city of Hannover, Germany:

“To Luisenstrasse, please.”
ey

“Itis in the city center, next to the opera house, off Rathmti@sse.”

This description is accepted by the taxi driver; he staiitsrdy, finding the way on
his own. In fact, the descriptias a place description: it describes the destination
of the trip by the same strategy as in the previous examplewMeall this form
of route directionslestination descriptions

Note that destination descriptions do not give any inforamaabouthow to
find the destination, as the turn-by-turn directions of sileed navigation services
would do. Such services expect no familiarity of the usehwlite environment
at all, regardless of the users actual familiarity. Turmptign directions, however,
are not adequate in the situation above. On one hand, thelaeir would be
overloaded with information that is excessive to his sulk@ywledge of the city.
On the other hand, the passenger might not know the routeriytiee location
of the destination.

Thus, destination descriptions are a promising way to cpnvate directions
to people of some familiarity with an environment. This mgasestination de-
scriptions apply for the everyday navigation of people iaitthome urban en-
vironment. They apply for cases such as finding a shop or adsi@lace in an
area of the city you are not so familiar with. Since theseasituns occur more
frequently than traveling in a completely new environmeve,even estimate the
need for destination descriptions being larger than far-tay-turn directions. Ac-
cordingly, our goal is to generate the references in dastimaescriptions auto-
matically.

The research presented in this paper addresses the hyipottadshe content of
destination descriptions is determined by the structurd@furban environment
in the proximity of the destination. Consequently, we havaddress the hierar-
chical conceptualizations of urban environments, and atoajavigate in these
hierarchies for the selection of appropriate, i.e., rei¢@and unambiguous refer-
ences. As a result, we present an executable referencéiaelemdel grounded
in relevance theory, a branch of pragmatic communicatienr

This paper is structured as follows: in the next Section, mduce our mo-
tivation in more details and provide an overview of the cotigtate of the art in
route directions’ research. In Section 3, we define and disthe concept of des-
tination descriptions and the selection of relevant refees for such directions.
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In Section 4, we link destination descriptions with hiehacal mental representa-
tions of space and introduce ways how to structure data @grated experiential
hierarchies usable for the task of automated selectionfefarces for destina-
tion descriptions. Section 5 introduces in more detail amatetional model for
the selection of references for destination descriptiditse functionality of the
model is then demonstrated on an example from the city of b\agmin Section 6.
The paper concludes in Section 7 with a discussion of the switributions and
future research directions.

2 Background

2.1 The Where and the How in Spatial Communication

Communication about space, such as direction giving, sgots an important use
of people’s spatial mental representations. People familith an environment

share some spatial knowledge due to similar (direct or @udjrexperience of their

environment. This knowledge is then exploited in the platraute descriptions

they exchange.

Current research in navigation services concentrates @ dtoad areas in
which methods of personalization are studied: route ptamaind route commu-
nication. The latter includes user interfaces, possibhvadvanced interaction
such as natural language (Dale et al., 2005), and contemtataa (Klippel,
2003; Richter, 2007a). In general, the focus is on wayfineetisout previous
experience with the environment.

Klippel (2003) and Richter (2007a) focused on chunking ohtbased route
directions based on the structural properties of the roeseribed, in order to de-
crease the number of information items in the resultingatioes. The level of
detail of the directions provided is therefore determineckty by the route struc-
ture and does not consider a-priori environmental knowdedfthe wayfinder.
Similarly, Dale et al. (2005) implemented a system prowdiaute descriptions
of varying granularity in a city. Road status hierarchiemd lengths and turn
structures were used to construct a hierarchy of chunksstfuictions. The re-
sulting directions were structured in a hierarchical fikerepresentation for use
on mobile devices. The use of administrative street hibiascmay not necessar-
ily be always cognitively plausible.

Due to at least coarse a-priori knowledge of the environmeoéls may often
find turn-based directions excessive and patronizing. Dingyneed the informa-
tion about where to get, and they substitute the informatlmout how to do so on
their own.
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2.2 Experiencing Space

People store their spatial knowledge in mental repredentabf space. This
environmental knowledge is acquired through interactidth whe environment
and improves in completeness and accuracy over time (All8A9; Ishikawa
and Montello, 2006; Siegel and White, 1975). Mental repregems acquired
through direct experience of the environment is furthepsued by indirect spa-
tial learning from maps, sketches, or spatial narrativedividual movement be-
havior, experiences, and cognitive responses to spectiepties of the environ-
ment are the causes of individual distortions in these sspriations.

Couclelis et al. (1987) suggest a hierarchical relatiombet spatial cues and
their areas of influence and the mental representationgiabpaes were found
to be foci of so called tectonic plates, regions with which ttues tend to be
strongly associated. Further research confirms this Itieical organization of
spatial knowledge (Hirtle, 2003; Hirtle and Jonides, 198&ylor and Tversky,
1992). This hierarchical organization is further reflectedspatial reasoning,
where dependence between an entitys membership in a igand its use in the
spatial task was demonstrated (Plumert et al., 1995; WiamgMallot, 2003).

Hierarchical data structures are frequently adopted inprdimg for efficient
retrieval ofexactinformation. In contrast, hierarchies in mental concelizaa
tions emerge to lower the cognitive effort of storing andie®ing information.
The formation of chunks of information and their hierarethiorganization pre-
serves the information and lowers the cognitive effort eiiilcreasing the com-
prehensibility (Taylor and Tversky, 1992). The informati®trieved from mem-
ory may often be approximate, as far as it is sufficient to supgpgiven task (e.g.,
“the address is near the opera house).

In route directions, the information retrieved from thetsgdanental represen-
tation of the speaker is communicated to the hearer whoeselato his or her
a-priori spatial mental representation, or forms a new deen communicating
to people with a-priori spatial knowledge, the extent ofithkemowledge of the
environment is not known to the speaker and has to be infefirbd research of
Fussell and Krauss (1992) and Lau and Chiu (2001) shows stiataes of oth-
ers’ knowledge of landmarks can be highly accurate, althawuith a bias toward
one’s own knowledge. Furthermore, the differences betd@®mterm and short-
term inhabitants are minor, which aligns with the findingsared by Ishikawa
and Montello (2006), pointing to the quick formation of adead forms of spatial
knowledge. Thus, common knowledge of the environment caspkeationalized
in so-called experiential hierarchies (Section 4.1).

2.3 Relevance Theory of Communication

While messages exchanged in everyday communication camtira small part
of the information necessary to perform a task requiredpjeececeiving this
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information are able to interpret the meaning conveyed gigdic information

theories have been devised by linguists to explain thisrebdediscrepancy, but
remained largely neglected by researchers in the field dfadmmmunication.

Among notable exceptions are the works of Frank (2003) andbdys (2003),

grounding their works on the theory presented by Grice (195hese works

point to the importance of a-priori information as an impottpart of the context
in which the hearer interprets the message received. Amagatic informa-

tion theories, relevance theory (Sperber and Wilson, 1988)recently gained
prominence by its ability to explain several shortcominfishe approaches by
Grice. The understanding of the implied content requiregtear reasoning step,
which is the inference of the speaker’s intentions by thedrearhe inferential

communication model uses Grice’s concept of relevance iextended manner,
explaining the principles of inferential communicatioringsthis concept exclu-
sively.

Communication always happens in a cognitive environmentoatext. An
important part of the cognitive environment consists ofillgalge previously ac-
quired, be it in previous utterances (i.e. linguistic catjteor by interaction with
the environment. Relevance theory builds on the assumpii@nhuman cog-
nitive processes tend to maximize the efficiency of any act@nphasizing the
importance of the cognitive environment to the comprelemsif an utterance.
Cognitive environment is then defined as a set of assumpieaisng on compre-
hension available to a cognitive agent. In this environmir act of communi-
cation presents the act of construction of a verbal or ngbalestimulus, meant
to achieve cognitive effects.

A stimulus is relevant if it connects with available contedtassumptions to
provide a positive cognitive effect. Of course, many stinofivarying relevance
may be perceived by an individual at any time. Thus, cogamitigents pick the
most relevant stimulus in a given communication situatitime relevance of pos-
sible referents is evaluated, and the referent which isuetedl as most relevant
in the given situation is selected. The interpretation efriieaning of a stimulus
is therefore left to the hearer, trying to interpret the naitee in a manner most
relevant to her or himself. The speaker, on the other han#iesgure that the
stimulus is perceived as relevant, through content or form.

The process of maximization of relevance during interpi@teof a stimulus
follows a path of minimal effort. This is stated in the pripla of relevance (Sper-
ber and Wilson, 1986):

« Everything else being equal, the greater the cognitivecetichieved by the
processing of a given piece of information, the greaterelsvance for the
individual who processes it.

« Everything else being equal, the greater the effort inedlw the processing
of a given piece of information, the lesser its relevancetlierindividual
who processes it.
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Clark and Marshall (1981) mention physical co-presennguliistic co-presence
and community membership among the fundamental factofseofdgnitive en-
vironment influencing comprehension and the inference egtttent of common
knowledge, available to all communication partners. Edithuidus modifies the
cognitive environment of the hearer, and has to be considehen interpreting
a consecutive stimulus. In the case of a communication aoaliterequestion,
the speaker tries to identify a place, and therefore congpmseatial referring ex-
pression (Paraboni et al., 2007; Tomko and Winter, 2006 efArring expression
is defined in (Dale, 1992) as an expression uniquely idantifa specific entity.
Human-generated referring expressions share commonniespesuch as accu-
racy, brevity, incremental structure and relevance, dtaristics applying also to
human spatial communication. In this context, table-tamscsettings or descrip-
tions of text locations in books (Plumert et al., 1995, 20@dye previously been
studied and analyzed.

3 Destination Descriptions

3.1 Definition of Destination Descriptions

Destination descriptions are place descriptions providéuke context of a wayfind-
ing task. As such, destination descriptions represent cifgpease of referring
expressions (Dale, 1992) and can be defined as follows:

Definition: A destination description is a referring expression unigdescrib-
ing a destination of a route in a given urban environmentsistimg of a
hierarchically ordered set of references to prominentalfgatures of var-
ious types, provided in the context of inferential commatimn to a hearer
with assumed a-priori spatial knowledge of the environment

Destination descriptions are provided to wayfinders withpyascribing them the
detailed route to take, profiting of their a-priori spatialokvledge, which ex-
tent is only inferred. The route planning process is pertmrnmdependently by
the wayfinder, combining the information contained in thetifation descrip-
tion with own spatial knowledge. Should the speaker haveahealite in mind,
this route needs not be identical to that taken by the wayfirféierthermore, the
brevity of destination descriptions is a significant prapéwering the effort nec-
essary to remember them and so allows the wayfinder to canatetite cognitive
effort on other tasks, such as wayfinding or driving.

3.2 Structure of Destination Descriptions

Imagine the speaker, mentally traveling through the meaegalesentation of the
route and its surrounding vista spaces (further calleddbte context, and refer-



PRAGMATIC CONSTRUCTION OF DESTINATION DESCRIPTIONS?

ring to prominent entities which are part of this mental eggntation. In desti-
nation descriptions, references are serialized hiereatifsj usually in order from
references to the most prominent referents in the wideniycof the destination
to detailed references to less prominent features closthvetalestination (Fig-
ure 1). Note that the change in granularity of referencescsadl is due to the
narrowing of the space within which the destination has teibgled out.

© (D&

Figure 1: Structure of destination descriptions.

As the directions proceed from general to more detailedreafmes, the cer-
tainty of the speaker that the hearer has sufficient spatialviedge decreases.
In human communication, speakers typically switch at thiatpaf their loss in
confidence from destination descriptions to turn-baseections for the rest of
the route.

The minimum spatial detail communicated in a reference wtayin destina-
tion descriptions is that of the first reference. This is tsfemrence with the most
distinguishing power at the start of the communicatiorgwaiihg to single out the
majority of distractors and narrow down the location of tlestthation. The se-
lection of consecutive references then consists of thedfeitrieving a relevant
reference within the context area specified by the previefesence.

Any reference provides the most relevant information aldd in the given
context, in order to form a referring expression. This crnie largely by the
previous reference. The process of selection of any cotigeaeference is then
equivalent to the process of selection of the first refereicéhe new context.
This suggests that the process can be modeled as a recasivef tselection of
the most relevant reference in the context specified by #nqus reference. This
also requires explicit knowledge of the the location provithe context in which
the first reference is selected—the start of the route.

3.3 Relevance of a Reference

The application of the principle of relevance to the setettf references for des-
tination descriptions requires a cognitively plausibleigionalization of cog-
nitive effort and cognitive effect in a given cognitive ermiment. First of all,

the cognitive environment in which the communication oftohegion descrip-

tions occurs determines the selection of references. NMuglebntext is, however,
a non-deterministic problem. As noted earlier, physicapoesence, linguistic
co-presence and community membership are factors fditifitéhe inference of
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common knowledge among communicators. The more assurspaioout con-
text we commit to, the less general and adaptive the regudiistem will be. The
model of destination descriptions presented thereforesrehly on the following
minimal set of assumptions:

A-priori spatial knowledge The heareris assumed to have common spatial knowl-
edge formed by experiencing the space during navigatioriiitita number
of previous trips. The extent of this knowledge is not maddieitly known
to the speaker, and it therefore left unspecified in the mpgdosed.

Functional perspective A functional perspective on the urban structure is deter-
mined by the selection of the means of transport, ostensdistlosed to
the speaker.

Co-presenceThe reference retrieved is relevant from the perspectitbetur-
rent location, physically or virtually (as determined byyious reference)
shared by the hearer with the speaker at the moment of s@iectithe
reference by the speaker.

The requirement of a functional perspective on the spatialtedge of the
hearer links to the condition of possession of a-priori igh&nowledge. It as-
sumes that the a-priori spatial knowledge of the hearerisetional in nature,
i.e. the means of transport used to follow the directionwipled to the hearer
allows the use of the spatial knowledge of the speaker. Htjgirement allows
to classify the elements of the city ((Lynch, 1960), also Seetion 4) by their
function. For example, the streets in the street networkssaible by car will be
used as paths by a taxi-driver, and the canals of Venice wilided as a network
of paths in the case of a Venetian gondolier. The model ptedés constrained
to urban (anthropomorphic) environment. In natural envinents the conceptual
elements constituting the structure of space may be difft€eeg., mountains and
rock formations acting as landmarks).

Co-presence allows the speaker to assume the spatial toimeekearer will
have on the urban environment when interpreting a giverreete. This co-
presence need not be physical, but can be projected (Gerailg, 2001). Pro-
jected co-presence allows the speaker to infer the spatiméxt of the hearer at
the moment of interpretation of a reference provided in testidation descrip-
tions. A reference is interpreted by a hearer in the spatiaiext specified by the
previous reference, or in case of the first reference of tlsérdgion descriptions
in the context of the start of the route. Co-presence remérg has a fundamental
impact on the selection of references in destination detoris.

Community membership is reinforced by the requirement efitharer to have
at least coarse spatial knowledge of the environment,hehearer may be con-
sidered a local. The knowledge of the hearer is acquired bgepeéng the en-
vironment while navigating in the city. The extent of digions in the spatial
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mental representation of the hearer is assumed to preseryattial order of the
elements compatible with that of the speaker. The exteriteo§patial knowledge
as such may be largely different.

Following relevance theory, the relevance of a referentzan element, in a
given context, is modeled as a function of its prominencei@distance from the
current location and the destination, in a hierarchical eh@d the environment.
The starts and destinatiot of the routeroute; ; provide the parameters of context
(or cognitive environment) required by the principle ofngnce. The prominence
of a reference serves as a means to estimate the cognitaa effthe reference,
while the distance relates to the cognitive effort to predés reference:

@

The more prominent an element of the environment is, theeliéss is required
from the hearer to relate the reference made by the speaker tor his mental
representation of the element. References less prominent are irrelevant, as
they would not provide any cognitive effect to the hearer.t@nother hand, dis-
tance from the referent increases the hearer’s cognitfeet eds the ambiguity of
interpretation of the reference increases with the sizh@thoice set of elements
that has to be searched through. Distance is thus a measlngrthe cognitive
effort required to process a reference to an element to easd.

The transition through granularities in destination diggioms is often accom-
panied with a change of the type of reference—referencesstdat alternate
with those to paths and landmarks. The selection of the @rfeadapts to the
structure of the space, in order to minimize the total nundfereferences and
provide the most relevant one, satisfying the equation@bov

. (s,t)
relevance'®") < rank, )

distance,

4 Integrated Hierarchical Model of the Environment

The content of destination descriptions is largely defingthb hierarchical struc-
ture of the speaker’'s mental representation of the enviestirand their assump-
tions about the hierarchical mental representation of #edr. Hence, a cogni-
tively motivated hierarchical model of the structure of aban environment is
needed.

4.1 Experiential Hierarchies of the Structure of the Environ-
ment

The urban environment consists of various spatial featsteh as suburbs, promi-
nent landmarks, streets and their junctions, water camal€idy walls, to name a
few. According to Lynch (1960) people categorize theseufestinto five kinds
of elements: places, paths, barriers, districts and lankbnad.ynch’s definitions
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of these terms show that they stand for mental concepttialiwarelated to the
bodily experience of exploring or traveling through theieswment.

Hierarchical mental representations of spatial enviramare exploited in
navigation. To be prominent, a spatial feature must statndrom other features
in the environment. While people’s individual experientigdrarchies represent
one of the fundamental structures on which they base theimagtions about the
spatial knowledge of others (Fussell and Krauss, 1992 iifhpossible to exter-
nalize individual mental representations. In fact, a maein should not reflect
an individual person’s hierarchical mental representatimt only the hierarchi-
cal organization of spatial knowledge commonly shared betwpeople living in
a city.

Although peoples’ individual experiences of an environtreme distorted by
their actual movement patterns in the city, they experieves time more of the
city’s general structure (e.g., from media, conversationaps and ad-hoc jour-
neys to unfamiliar parts of the city). Thus, we can assumgtpaominent feature
of the environment becomes prominent for the majority ofthevho experienced
it. Individual experiences are assumed to only increasedneeption of some
features as being prominent, while the lack of individugleriences will lead to
gaps in the individual’s collection of objectively prommeeatures. Hence, the
common knowledge of prominent features is largely oveiitagpvith the indivi-
idual experiences—the more familiar the person is the laggiae overlap. What
is therefore needed is a generic measurgeahinencdor all types of elements
of a city, along with a ranking order or classification in arhiehy.

4.2 Modelling Experiential Hierarchies

For each type of elements of the city, the prominence of aifeas the result of
its visual, semantic and structural characteristics (Rhabd Winter, 2002). For
each of these types, however, the relevance of these chastics is different.
Districts are difficult to be perceived from a single view point. Theg axpe-
rienced as a homogeneous environment, sharing charéiceedad distinct from
the surrounding. The semantic and structural charadtarist districts are there-
fore comparatively stronger then visual on&ireetsmay be experienced due to
their structural properties, facilitating trips throudtetcity due to their structural
embedding. Andandmark buildingsare remembered due to their unique visual
or semantic properties, such as the distinct charactesisfitheir fagcades or the
type of business residing in them.

The intensity of experience of a spatial feature is relatgtstfunctional, struc-
tural or semantic prominence in a specific environment. &kjgerience of promi-
nence establishes a partial order between the individwaladdeatures, and an
experiential hierarchy emerges. Based on these propartiean develop a cog-
nitively motivated hierarchical datasets. In a first step, uild hierarchies for
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individual types of elements of the city, which is done herelandmarks, paths
and districts. Later we discuss their integration.

Hierarchies for landmarks. A ranking order for landmarks based on their in-
dividual salience was first presented by Winter et al. (20@8)andmark forms
an anchor of its reference regions (Kettani and Moulin, 198@ region in which
the landmark is unique and dominant, i.e., it is the most jment element of the
region. Reference regions can be constructed based orusariotivations, for
example, a landmark’s vista space, or partitions of thetpats of all landmarks
(Winter et al., 2008). Observing the salience of a landmadighboring land-
marks can be compared by prominence, and only the most peniréne retained
in the next level of the hierarchy. The result is a classifleddled) hierarchy.

Hierarchies for paths. Lynch’s paths are equated with named streets, since the
city is experienced through movement within the street ngtw The basic ele-
ment, thenamed streeffurther used interchangeably wiffath), consists of all
the street segments sharing the same name. Named stre@sraiftable and
form to some extent a cognitive unit. Tomko et al. (2008) enésd a continu-
ous ranking method for streets, coined experiential rarilere their individual
salience depends on their functional role in the path nétwéirequently used
streets (parts of many shortest paths in the city) are cersidmore prominent
than other streets, as they are more likely to be experienEggeriential rank
values are derived from the network analysis measure ofdetness centrality.
While salience is reflected in the relative difference betwte rank values, it
does not result in a leveled hierarchy.

Hierarchies for districts. In principle, the city can be segmented in any par-
tition of two-dimensional areas sharing some common péuedgharacteristics
and having a distindhsideandoutside For the purpose of this paper, no special
cognitively motivated district hierarchy is suggestedtéad, certain levels of the
administrative (political) district hierarchy are empéaly We argue, similarly to
the case of streets, that names of districts make them dagpisalient, as they
are also used in human place descriptions.

4.3 Integration of Experiential Hierarchies

To demonstrate the feasibility of integrating differengtairchies, we will study
the hierarchies of the three types of elements derived sorfese types of ele-
ments of the city are organized in hierarchies of very défémproperties:

* named streets are organized in a rank order, which is aiumof their
likelihood to be used;
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» landmarks are ordered by their visual and semantic saielmat are also
linked through the properties of their reference regiortsctvforms a con-
tainment hierarchy withn : n relationships;

+ administrative districts are organized in an containment hierarchy. They
also structurally integrate paths and landmarks.

These types of elements have also relations at the same tmtebnly across
hierarchical levels or granularities. Paths connectidistrwhile landmarks have
a perceptual influence on their reference regions and tivescgntext to districts.
Landmarks are also experienced by wayfinders navigatimgggbaths, they are
en route Figure 2 schematically depicts these possible relatipssh

7 -
less_frequent_than,~’ “gives_context_{0) 655 frequent_than
“connects AN

s
7

Figure 2: Schema of relations between heterogeneous types of eigmokthe
city in integrated hierarchies.

These relationships can be added to a dataset containirigréfeehierarchies.
Such an integration is presumed when in the next sectionabigation through
these hierarchies is discussed. They also will appear iddteset created to test
the selection of references for destination descriptior&gdction 6.

5 Model of Destination Descriptions

In destination descriptions, a sequence of referencedifidsrthe destination of
the route. This section develops the rules governing thecgeh of relevant ref-
erences from models of experiential hierarchies of urbair@mments. Rules for
district based references were first developed in Tomko aimdeW(2006), in-
cluding selection algorithms. They are here summarizedesitehded for other
hierarchies.

A set of minimal rules allows selecting references with aspreed topological
distance form the start and the destination in order to auidhl references.
To select the most relevant referencin a given spatial context, the topological
relation of the spatial context defined by the start of thaeau its destination
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t, and the distance from the potential references is evaluatéhe hierarchical
structure of the city:

1. If current location or destination are not members of tieganchy, throw
exception.

2. If current location and destination are identical, stop.

3. If current location and destination are neighbors, stogh @witch to turn-
based directions.

4. If current location and destination have identical oighéoring direct su-
perordinate elements, return a reference to the destinatid stop.

5. If an element is a common ancestor of current location asdimhtion,
move down a level.

6. If an element is neighbor with an ancestor element of tmeentilocation,
move down a level.

7. Otherwise: return a reference and continue. Among plessferents, pri-
ority is given to the referents along the route. If multiptdarences are
available, select the landmark closest to the destination.

8. If alandmark is referred to multiple times, remove all boe reference.

To preserve cognitive plausibility, the metrics used tceasghe distance is not
Euclidean, but topological, and it operates in the hieriaedtstructure of the envi-
ronment considered. A preference for en-route landmaté&s/alto disambiguate
between close landmarks of equal prominence. The retrafalandmark or its
reference region is an equivalent task, and allows an inéergeable selection of
the references. At higher granularity levels where the haautk acts as a global
one, the preference is given to references to a districpras &s the name of an
administrative region can be attributed.

The reference selected for inclusion in destination dpsoris must balance
the requirement to be the most prominent possible, and as#imee time topolog-
ically close to the current spatial contextNot only the balanced consideration
of the two factors allows for the evaluation of the relatiedervance of a refer-
ence, it also allows for the avoidancetatial references—references requiring
low cognitive effort to process, but which provide low cagre effect in the given
context.

While references to landmarks are included by the speakbe &ibarsest gran-
ularity possible to minimize cognitive effort, they aredrpreted by the hearer
at the finest granularity available in the hearer’s spatiahtal representation.
The preserved identity of a landmarks across multiple deaities results in a
reduction of the resulting reference set. Thus, referetedsndmarks may be
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interpreted at multiple granularities. This property ma&ythe reason why refer-
ences to landmarks are so frequently made by people, and auttg directions
and destination descriptions with landmarks are consitleseful.

To extend the model, we further consider the hierarchigaicsire of paths
in an integrated manner with districts and landmarks. Tthagpare ordered by
prominence through their experiential rank value and iattegl into the hierarchy
of districts by relation of containment. Paths can connéstadt districts, and a
reference to such paths can therefore radically decreaseetd for other refer-
ences, especially if the path is prominent. Only referete@siths which connect
the districts along the route are selected in the model m@ghoA reference to a
path can be only made if the path is prominent (i.e., has aerexial rank value
above mean), or if it provides direct connection of the autrgpatial context and
the destination of the route, when the speaker can refeetpath directly (e.g.:
“follow this path to destination.”). Thus, two further rglean be added:

1. If the current location is connected to the destinatioiy or more paths,
return reference to the most prominent and stop.

2. If the reference to a landmark is of lower prominence thengrominence
of a path connecting the current location with the landnsarkference re-
gion, add reference to the most prominent of such paths.

A reference to a path directly connecting the current spediatext with the des-
tination is always the most relevant reference possibleis ftoperty provides
an insight to the transition between destination desomgtiand turn-based direc-
tions. Furthermore, structuraly prominent paths allowuedcognitive effort in
the interpretation of references to landmarks and regiorka proximity of the
destination.

The fundamental property of paths, namely the facilitabboonnections be-
tween two locations, requires the insertion of a distridhadmark reference after
or before the insertion of the path referent. A referencepath can never stand
alone; the wayfinder needs to receive information aboueeithe direction, or
the extent to which to follow a path. The omission of suchnesfee would in-
clude inconsistency and ambiguity in the resulting dietii If the reference to
the district or landmark follows the reference to the landmi provides both the
information about extent and direction. If the referenceistrict or landmark pre-
cedes the reference to the path, the direction is infernedy{drom the district or
path). The extent has to be acquired from environmentakdyehe hearer. This
usually occurs when the reference is made to a prominentiirattly leading to
the destination.

The simple combination of the topological distance, thedrhical rank of a
spatial element and the context of the route, combined irt afseles, provide
means for a computational interpretation of the princigleetevance enabling to
select references for destination descriptions.
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6 Model Testing and Results

To verify the model, routes of various lengths and compiesiacross a test area
of central Hannover were constructed. Consecutively,imstn descriptions
for these routes were generated, and their adherence taléee specified was
verified. The content of the destination descriptions wagssed by comparing
the resulting sets of references with the characterisfidestination descriptions
summarized in Section 3.

The following principal characteristics of destinatiorsdeptions were sought:

« Consistency: the resulting combination of referencestrongsate an unam-
biguous specification of the destination, thus resulting iaferring expres-
sion.

« Well-formedness: the destination descriptions shouldhawe redundant
references, and each consecutive reference should preelieleant infor-
mation in the context of the previous one.

* Brevity: the resulting destination descriptions shoutanbine integrated
references to heterogeneous types of elements in ordehig@vaaelevance
and brevity. The reduction of references in comparison tmdgeneous
destination descriptions and turn-based directions geeeiby a Web ser-
vice was sought.

» Content: The selection of relevant references should pert#ent on the
hierarchical structure of the environment in the proxingifghe destination
and not on the route imagined by the speaker. The assessftleatbausi-
bility of the content of the destination descriptions isdmhen the individual
judgment and the consultation with a local expert. Plalisitis desired,
but remains subjective.

In the following case study, the process of identificatioulistrict and landmark-
based referents for a route from thaiversitit Hannoverto the Staatsoper Han-
nover(Figure 3) is demonstrated. The sets of references retfriexeinfluenced
by the content and quality of the dataset. The dataset hadtadi extent, and the
assessment of the properties of landmarks followed Wirtal. ¢2008).

6.1 Model Behavior

In a first experiment, the rules for the selection of distend landmark-based
references were applied. The following references areevetl for the route:

directions = [Rat haus, Kroepcke]

These results can be interpreted as the following destimateéscriptions gener-
ated by a local:
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“Where is the opera house?”
“In the direction of the Rathaus, next to the Kroepcke. ”

The destination is found in the proximity of the first landiknapecified, the
global landmarlRathaus The context of the route is then restricted to the general
area specified by the reference region of the landmark, amsecaotive references
of finer granularity are provided (tH€&opckg. The destination descriptions pro-
ceed from a general reference to a landmark with a refereggiens covering
major parts of the city to a more local landmark. The routecdps8on could be
completed with the reference to the destination itselfaS@aper.

While the resulting sets of district and landmark-basedregfees were as-
sessed by a local expert as plausible, specific routes tindgghs in areas of
low-prominence may lack environmental clues, and theeefloe resulting desti-
nation descriptions may result in high cognitive effort lo¢ thearer. The integra-
tion of paths in the model reduces further improves the ebaiscy of the content
of the references retrieved by matching references to lacalmarks with ref-
erences to paths. The integration of references to path#iges a new set of
references:

directions = [Rat haus, Kroepcke, Staendehausstrasse]

which translates in the following destination descripsion

“ In the direction of the Rathaus, close to the dficke, take the
Stindehausstralie”

While Stindehausstral3e is not a prominent street of Hannover, liteisntost
prominent street directly connecting thedfcke with the destination of the route,
the Staatsoper (Figure 3). As it is the last reference of #stimhtion description,
the speaker relies on environmental clues that this striiebevidentified. Fur-
thermore, a prominent local landmark, thebkcke, is at one of its extremities.
The resulting destination description leads the wayfintteser to the destination
than the pure district and landmark based set of refereSeesh an integration of
diverse references improves the adaptation to the steiofuihe environment and
reduces ambiguity of the destination descriptions.

In general, only the structure of the environment arountfitie parts of the
route influences the selection of path references. Thesiariwf references to
paths provide destination descriptions that are not patiram but provide added
guidance on the approach to the destination, and thus eetpss less cognitive
effort from the hearer. The resulting destination desimipis therefore more
relevant than the purely district/landmark based destinalescription. This is
easily verifiable, as the two sets are of equal length, buintiegrated set is more
information rich.

The context in which destination descriptions are provi@ed., a driver asking
a pedestrian for directions) can alter the speaker’s cluficeferences. A different
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Figure 3: References selected for the destination descriptionh@route from
Universitit Hannover to the Staatsoper. The route is shown in grayirghadhe
references retrieved: Rathausgigcke and the &ndehausstrale are labeled.

functional perspective on the path network influence thectiein of references
due to the preference of en-route landmarks. For exampderaiite suggested
by Google Maps is complex and avoids the city center, as that&iper is in
the pedestrian zone (Figure 4). The resulting turn-basedtiins contain eleven
references. A driver is guided to approach the Staatsoperdrdifferent direction
than a pedestrian.

The route generated by Google Maps has been used as inputdmatedes-
tination descriptions. The references retrieved are idainio those retrieved for
the direct, pedestrian route. This illustrates how the@oimf destination descrip-
tions is primarily influenced by the granular structure af dity in the proximity
of the destination, instead of the route considered by tealgy. Of course, the
preference given to local en-route landmarks influencesdh&ent of the resulting
destination descriptions, but the primary influence is tiahe overall structure
of space.

6.2 Observations

The results generated by the model on a series of originnddisin pairs and
alternative routes show the following characteristics:
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Figure 4: Map of the route between the UniveidiHannover and the Staatsoper
(© 2007, Google Maps).

« The number of references is not dependent on the complekitye route
retrieved, but on the complexity of the hierarchical orgation of the en-
vironment in the proximity of the destination;

* The number of references retrieved is small and showsaripdtterns;

« The alteration of the threshold defining the set of promirgaths in the
destination descriptionsdoes not influence the overafjittenf the results
significantly, but changes the contents pattern of the t&sul

In the test cases studied, the length of generated setsesEneks in the in-
tegrated hierarchical spatial data structure of Hannoaeged betweef and 3
(or 4 if the reference to the destination itself is included), arete not related to
the distance between the origin and the destination. Ththdehe hierarchi-
cal dataset consisted of six levels. Thus, the resultirgcfateferences represent
a small proportion of the superordinate elements of theirtggin. Note that a
deeper hierarchical structure need not necessarily leémhtger destination de-
scriptions.

The patterns identified in the integrated sets of referefaredestination de-
scriptionstested are shown in Table 1. In Pattern 1, theeefe to a global
landmark or significant part of the city narrows down the skapace for the
next reference. It assists the hearer to interpret theviialip reference correctly.
The consecutive reference is made to a local (en-routejrianid(or its reference
region). The reference to a local path between the localntenkl and the desti-
nation is made if no prominent path connects the destinatitimthe reference
region of the local landmark selected previously. If suctathgcan be found in
the area specified by the global landmark (Pat®yit is used to guide the hearer
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to the local landmark, in which vicinity the destination @ihd. The reference to
the destination found in the vicinity of the local landmasloptional.

Table 1:
: Patterns in sets of references in destination descrigfiordistrict, L“—global
landmark,L”—local landmark P—path,P”"°™—prominent path).

Pattern 1 2 3 4 5
15 reference D/LY DJ/L¢ LY=Lt L[Y=L[F pProm
! ! ! ! !
2nd reference D/LY pProm  pProm p t
! ! ! !
374 reference P D/L*
Optional reference ¢ t t t

Patterns$ and4 occur when the destination is in the direct vicinity of thelggl
landmark. Then, the global landmark is en-route and serseslacal landmark
as well. A reference to a path (prominent or not) is then teskto guide the
wayfinder toward the destination. Pattéroccurs in cases when the destination
is located in proximity (en-route) of a prominent path. Théerence to the desti-
nation is then necessary, to provide the wayfinder with tiveal information. It
is assumed that the hearer will be able to identify the dastin.

The only means to alternate the selection of the referemct®eimodel is by
enlarging or reducing the set of prominent paths (by setiulfferent threshold
of experiential rank value). This does not alter the lendtthe resulting sets of
references, but changes the balance between the diatnidark references and
references to paths. If the threshold is lower, the balahifes $rom district and
landmark references to references to paths, and leadssfadestination descrip-
tions. Pattern8, 4 and5 become more frequent. If the number of prominent paths
in the city is low, the resulting sets of referents exhibitt®as1 and2.

7 Conclusions

7.1 Summary

Spatial information is often communicated in situationevehmessage relevance
is paramount to the safety of people. Irrelevant informatiegatively influences
understanding of the message or extends the processing lintkis paper, we
introduced an inferential model of destination descrimifor people with a-priori
spatial knowledge of the environment, grounded in relegaheory. We identify
principles by which the hierarchical structure of the eomiment, and the spatial
context in which the destination descriptions are comnateit, determine the



20 TOMKO and WINTER

content of destination descriptions, without the need ttser individual spatial
knowledge.
The main contributions presented in this paper are:

« An operationalization of the relevance theory in the donwdispatial com-
munication. The relevance of a spatial element in a givemesis defined
in terms of its relative prominence, distance, and the apatintext of com-
munication.

« A formal definition of destination descriptions as refegiexpressions that
present a special case of place descriptions, communicagedinferential
communication. The interpretation of the references meguthe consider-
ation of the context in which they are provided.

< An executable, cognitively motivated model of destinatidescriptions,
presenting a formal approach to the selection of references

« The introduction of the concept of integrated experidti@rarchies. Hier-
archical datasets organized as experiential hierarciniesde a cognitively
inspired means of ranking spatial elements by the inferemdgption of
their prominence.

Based on a hierarchically structured dataset, the modettseteferences for
the destination descriptions. The outputs of the modestfyatihe characteristics
of human-generated destination descriptions: the gestbrsats of references are
short, and are not proportional to the length or complexitthe route; the inclu-
sion of different types of referents adapts to the struadfispace and reduces the
cognitive workload of the wayfinder.

Together with the model of destination descriptions, a ha@gnitively mo-
tivated approach to the integration of hierarchical ddtagElandmarks, districts
and paths is presented. Integrated hierarchical dataskis la tight structure the
experiential hierarchies of heterogeneous spatial elesndime low frequency of
prominent referents in experiential hierarchies hintslay wdividuals’ estimates
of shared knowledge with others is highly correlated, ahalaa for a qualified
estimate of general familiarity with an element of the city.

7.2 Discussion

Cognitive Workload and Destination Descriptions destination descriptions
are a specific form of spatial communication, combining thepprties of route
directions and place descriptions. It appears that thehesfglestination descrip-
tions is related to the depth of the experiential hierachi®t the length of the
route. While the number of references in turn-based dirastigows linearly with
the complexity of the route, the number of references inidaon descriptions
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grows only logarithmically, being proportional to the depf the granular model
of the environment. A large number of elements can be comdain a system
of a few granularity levels. Furthermore, the recursivestbn of references in
destination descriptions re-evaluates the changingadpaintext in which every
consecutive reference is selected and allows for a furdaration of the destina-
tion descriptions’ length.

Reliability of Inference of Common Spatial Knowledge As shown, the shared
context between the hearer and the speaker in inferentiafremication is a ma-
jor influence on the choice of referents. The selection cregits from experi-
ential hierarchies influences the success of communicatistthe distribution of
prominent spatial features follows a heavy-tailed distiitn (Tomko et al., 2008),
the likelihood to experience some of the prominent streetslandmarks in the
environment is higher by magnitudes to that of experientimgmarginal ones.
This is understandable, as prominence is a function ofyrafia phenomenon.
Due to the distribution of prominence in experiential hiehdes, a relatively low
number of trips through the environment should provide atredly good spa-
tial knowledge allowing for successful communication aisteat a coarse level of
granularity. This allows experiential hierarchical datasto be used to estimate
the spatial knowledge of the user.

Experiential Urban Data Structures for Destination Descriptions The argu-
mentation presented in this paper starts from the positiahstructural and visual
properties of the elements of the city are paramount in tfegénce of shared spa-
tial knowledge. The experience of visual and structurahpnence is common
among the population with similar spatial behavior. Thersti@xperience is fur-
ther strengthened by secondary experience of these protfeegures, through
indirect sources such as maps, news articles and Web resodre inference of
semantic prominence of an element, on the other hand, isgunaltic and highly
subjective (i.e., individual to a person).

The quality of the dataset influences the estimate of retavafithe referents
retrieved by the model. For instance, while cognitivelyysidle, the construction
of landmark hierarchies based exclusively on visibilitgguiced distortions in the
dataset, compared to the perception of the centre of Hanyviocals. Local
experts indicated that while the references selected bgdhgputational model
are usable and satisfactory, more appropriate referemeesailable.

Semantic properties of spatial elements can, however, &é imsdestination
descriptions in an indirect manner. A hearer can be seaditiar primed, to a
specific semantic characteristic of a landmark by the speakéhe navigation
system. Once seen, the landmark will be perceived as saliéns mechanism
allows hearers to successfully use destination descnptiontaining references
which may not be usually perceived as prominent by the hearer
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7.3 Outlook

The inferential model of selection of references for degion descriptions pro-
vides an alternative solution to personalization of routeadions through systems
relying on user profiles, using historic information for iopized, personalized in-
formation provision in the future (Patel et al., 2006). Whestfinitialized, the
system has no previous knowledge of the user's knowleddegsithe user ex-
plicitly declares some knowledge in their profile). The miqutesented infers the
relevance of references to spatial features without pripligt personalization.
It provides partially adapted information from the veryffise. It can, therefore,
complement learning agent-based systems, to provideyaddéptive system.

A navigation service providing destination descriptioni8 meed to external-
ize the information in a form adapted to the users of the systexternalization
methods, such as natural language generation or schenisiilization inter-
faces need to be devised to communicate the referenceteskile@an appropriate
manner. Furthermore, the user may not be, for various reasatisfied by the
model’s selection of references. Well designed user iates should cater for
such situations, e.g., trough user-initiated dialog.

It is possible that the wayfinder’s spatial knowledge is ffisient to supple-
ment destination descriptions with information necessargach the destination,
e.g., when the route leads through environments with lovsiteiof landmarks
and prominent streets. Then, the combination of destinakscriptions and turn-
based directions is a common feature of human-generatéghtiawn instructions.
Destination descriptions provided at coarser granuéariséire coupled turn-based
route directions in the proximity of the destination. Tharbe of the communica-
tion mode is based on the speaker’s assumption that therisesgratial knowledge
is not complete enough to be able to identify and reach thiindg¢i®n without the
added detail. The transition to turn-based directions @erthanced with ap-
proaches to further improve the cognitive ergonomics ofrésellting directions
(Klippel, 2003; Richter, 2007a). Research on the integratf turn-based di-
rections with the model of destination descriptions présgrallowing a smooth
transition between destination descriptions and turredalrections is currently
undertaken (Richter, 2007Db; Srinivas and Hirtle, 2008).

Finally, further work is necessary to extend the concepntdgrated experi-
ential hierarchies to cater for references to nodes andebsyrincluding promi-
nent complex configurations of multiple spatial elementslifferent types. It
is hypothesized that experiential hierarchies of nodes b&agonstructed using
network analysis approaches similarly to path experikhigarchies.
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