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Adaptation in Spatial Communication

Workshop organized in conjunction with AGILE 2009.

Human spatial communication is characterized by its specific pragmatic aim. To better communicate,
people employ a variety of communication forms to aid their communication goals in assisting the
recipient of the message. In this way, people adapt their communication in form and content to the
situation and communication. Today's spatial assistance systems largely lack this ability. Consequently,

such systems are experienced as awkward, cognitively inadequate or patronizing.

This workshop is the first of what may become a series of meetings of researchers active in the field of
spatial communication. We aim to bring together leading researchers across disciplines to contribute to
the informed design of spatial assistance systems through the exchange of research results and novel
ideas. We hope to stimulate a lively discussion tackling open questions in adaptation of spatial
communication and identifying principles that will allow for improved human-machine spatial

communication, by drawing parallels between human-to-human and human-machine communication.

Six exciting contributions have been accepted at this first instance of the Adaptation workshop: three as
fully reviewed papers and three as extended abstracts. The contributions of Tenbrink et al. and Gartner et
al discuss adapting the content of spatial communication to the recipients. Tenbrink et al. approach this
challenging task from a linguistic perspective in human dialogues, while Gartner et al. explore the
consequences of communication adaptation for the design of systems. Kurata reviews the challenges in
automatic adaptation to user preferences in the context of tour planning systems and the consequences on
their usability. Wunderlich focuses on scenarios where such systems fail, and how users react when
failure occurs. Finally, Delafontaine et al. and Bereuter et al. focus on the spatio-temporal aspects of
adaptation in spatial communication in the context of sketches for moving object trajectories and

identification of relevant references for users’ daily activities through filters, respectively.

No single workshop can address all facets and complexities of adaptation in spatial communication. We
hope, however, that this summer a meeting in Hannover will help to stir ideas and point to promising

research avenues ultimately leading to better spatial assistance systems.

Martin Tomko and Kai-Florian Richter
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Modelling Moving Objects in Geospatial Sketch Maps

Matthias Delafontaine!, Nico Van de Weghe'

!Ghent University, Department of Geography, Krijgslaan 281, 9000 Gent, Belgium
{Matthias.Delafontaine, Nico.VandeWeghe} @UGent.be

Abstract. Freechand sketching of spatial scenes is a natural way of everyday
human communication, and an important representation used in many
geospatial reasoning tasks. However, besides their spatial semantics, people
tend to use sketch maps to explain things that happen in time as well. Until
now, this temporal aspect has been neglected to a considerable extent. Motion —
again a common aspect of human daily life — is one such issue where time
enters the picture. This paper focuses on opportunities for representing moving
point objects (a specific subcategory of motion) in geospatial sketch maps.

Keywords: sketch maps, moving point objects, geospatial lifelines

1 Introduction

For a long time, sketch maps have appeared to be a powerful tool for recovering
information about spatial environments [2], attracting attention from numerous fields
such as geography, planning and psychology. Nowadays, new technologies replace
traditional pencil-and-paper-based methods, creating new opportunities for data
collection, integration, and analysis [3]. Moreover, there is a need for computers to be
able to deal with sketch maps as people do.

To date, some researchers have been studying sketch maps in a geospatial context [3-
12], and a few systems have been developed [1, 13-15] (Fig. 2 and Fig. 4), allowing
for basic reasoning and/or querying. These efforts share a primary focus on spatial
information, and hence somehow overlook the capabilities to communicate temporal
information by sketching as well. However, people tend to use sketch maps to make
inferences which involve information far beyond purely static spatial scenes.
Particularly, this applies to spatiotemporal phenomena, i.e. aspects that relate space to
time or vice versa'. For example, consider the key role of temporal information in a
soccer coach’s sketch of an opponent attack or an eyewitness’s sketch of a car crash.
Note that both examples focus on moving objects which relate to the spatiotemporal
concept of motion. Over the past decade, the modelling of moving objects has been a
hot topic in fields as GIScience, Artificial Intelligence and Information Systems [16].
Recent technological advancements have enabled the low-cost capture of motion data
and thereby triggered the need for well-adapted analysis tools. In order to reflect this

! Conversely, sketching would not make up a terribly good means to deal with abstract
phenomena, i.e. aspects that exist only in time, such as thoughts, feelings, and business
relations.



tendency, sketch-based information systems should be able to represent and reason
about moving objects. In this paper, we aim to contribute to this development by
examining the spatial and temporal properties of moving objects as represented in
geospatial sketch maps. The restriction to geospatial sketch maps thereby briefly
implies the following three assumptions:
e Elements are drawn from a top view perspective.
e Elements are drawn in a geographical space at an approximated spatial
scale.
e  Moving objects can be represented as moving point objects (MPOs) at the
approximated scale of the geospatial sketch map.
The remainder of this paper is structured as follows. In section 2, we explicate and
extend the concept of sketch maps and the related ontology of glyphs. In section 3, the
concepts of moving point objects and geospatial lifelines are first introduced, and then
utilised in order to determine the spatiotemporal characteristics of lifeline glyphs.
Finally, section 4 mentions conclusions as well as avenues for future research.

2 Extended Sketch Maps

Sketch maps can be defined from several perspectives, and according to different
research focuses. We will base on the alternative given by Forbus et al. [11], where
sketch maps are considered to be “compact spatial representations that express the

key spatial features of a situation for the task at hand, abstracting away the mass of
details that would otherwise obscure the relevant aspects.” They consider sketch maps
to be composed of glyphs (entities) which on their turn consist of ink (drawing
strokes) and content (the conceptual entity that the glyph represents).

Sketch maps are maps in the sense that they depict features in their spatial context.
However, just as with cartography, where maps have evolved from paper to digital
maps (1) and from static to dynamic representations (2), we believe that sketch maps
can be extended in the same way. Although by definition, sketch maps are not
precluded from being paper maps, we assume them, according to contemporary
standards, to be digital representations managed by an information system.
Furthermore, we assume that they are freehand drawn by means of a one-handed’
input device (e.g. a mouse, a touch pad or a digital pen), with a standard click-and-
drag line drawing tool in a two-dimensional space. Though these assumptions are
definitely constraining, they offer the same facilities as common sketching with a
pencil on a sheet of paper.

Concerning the evolution from static to dynamic representations, we basically agree
with Forbus et al.’s definition except for the spatial keyword, which we propose to
replace with spatiotemporal, in the sense that spatiotemporal features are features that
exist both in space and time (cf. [}. Temporality, in the sense of discourse
sequentiality “controls an assortment of media, art forms, representations”, quoting

2 According to HCI research, it is natural to assume that only one (preferred) hand is used to
draw sensu stricto, while the other one performs complementary tasks such as leading and
referencing [17].



Sternberg [18]. This certainly applies to sketching, which is as a kind of narrative or
dialogue between the sketcher and its audience, although an audience is not always
required, for instance in design [19]. The assumptions of one-handed input and line
drawing mode inevitably impose an absolute chronological order of drawing.
Consequently, sketch maps are not to be restricted to spatial knowledge, but should
store temporal information as well. Hence follows the extended sketch map ontology,
where time has entered the picture in several ways, as shown in Fig. 1.

First and foremost, there is temporal information involved with the ink concept. Like
a human observer, but vis-a-vis a conventional sheet of paper, an information system
is able to capture when a pen hits a tablet or when a mouse button is pressed or
released. Each stroke thus can be associated with a certain interval of drawing time
(Fig. 2 and Table 1). By consequence, ink can be considered as composed of spatial
and temporal ink. On the other hand, temporal knowledge can be associated with the
content part. For instance, this is the case when two or more separate glyphs model
the consecutive states of one and the same object. Next to temporal information,
content may be characterised by spatial and thematic, i.e. non-spatial and non-
temporal, semantics.

While ink inherently constitutes what is sketched on a sketch map, content is usually
provided using a secondary modality (e.g. speech) or directly interpreted by the
listener in the case of a straight human-to-human communication. Consequently, in
order to develop intelligent and natural sketch interpretation systems, systems require
the ability to interpret glyphs as much automatically as possible, while avoiding
significant error and/or information loss. Therefore, this paper will neglect the option
of having additional content input. In addition, the remainder of this paper restricts to
geospatial sketch maps, which are considered to be sketch maps that represent
features in a geographical space at an approximated spatial scale from a top view
perspective.

Sketch Map
1
Contains
N
Glyph
1
1 1
Ink I < Has > Content
1
Contains
- Spatial Temporal Thematic
Spatial Ink N
Stroke
Temporal Ink

Fig. 1. ER diagram of the extended sketch map ontology.
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3 Moving objects in geospatial sketch maps

3.1 Moving point objects and geospatial lifelines

From a geospatial background, a moving point object (MPO) is the most basic and
commonly used representation of motion [20]. This container concept can be used to
represent whatever individual object or subject moving in a geographical space,
whether this is a vehicle, an animal, a human being, or an earthquake epicentre. The
most basic conceptualisation of an MPO trajectory is the geospatial lifeline, or briefly
lifeline [20] (Fig. 3). According to Mark [21] a lifeline is a continuous set of positions
that an object occupies in space over a certain period of time. As a lifeline models a
moving point, it is equivalent to a continuous spatial curve which maps to a
continuous time range. However, in many, if not all cases, lifelines are approximated
as a discrete set of space-time locations, or fixes [22]. A lifeline describes location as
a function of time, and hence, each time instant corresponds to a unique spatial
location, while the reverse is not true. In other words, for lifelines, time determines
space.

& CogSketch Table 1. Export of spatial and temporal ink of
i — : : the stroke in Fig. 2 as a set of timestamped
File Edit VMiew Glyphs Analogy Spatial Wi polyline vertices.
3 Stroke / Stroke Ink Point X Ink Point Y Ink Point Timestamp (s)
e 4 == 6| e widﬂn:mj‘ 1,22 1,10 130,44
EEEENEE 54 clyph 1,39 1,03 130,50
1,44 0,98 130,53
e P:;‘ér 1,44 0,81 130,59
— 1,42 0,64 130,62
v 7|0l 1,34 0,47 130,65
1,27 0,34 130,69
SEER T v o 1,24 0,23 130,72
1,24 0,13 130,75
1,27 0,02 130,78
1,36 -0,20 130,84
1,40 0,32 130,87
1,40 -0,57 130,94
Current Bundle: 1,41 0,66 130,57
1,41 0,75 131,00
Stroke = 1,43 0,83 131,03
10 0.7 in 1,43 -1,01 131,13
net to scale [=]] « 1,45 -1,06 131,15
1,46 -1,10 131,19
1,46 -1,10 131,22

Fig. 2. Single-stroke glyph drawn in
CogSketch [1].

Note that the notion of geospatial lifelines drawn in top view (Fig. 3) differs
substantially from approaches with other scientific backgrounds. In physics, for
instance, a side view is predominant, and the motion of objects is dictated by external
forces, instead of being predefined by a lifeline [14], as illustrated in Fig. 4.



Fig. 3. Map of a geospatial lifeline of a butterfly moving from 4 to B, passing flowers on its
way (own illustration after [20]).

TRY AGAIN | (Biiiing iods
Fig. 4. A Shrewd Sketch Interpretation and Simulation Tool (ASSIST) [14].

3.2 Lifeline glyphs

This section addresses the research question of how lifelines can be represented
through glyphs in geospatial sketch maps. To this end, a number of characterising
binary distinctions will be considered according to the relationship between these
representations and the lifeline of the underlying MPO they model. These distinctions
can be regarded as dichotomies for a user to choose from when sketching about an
MPO in a geospatial context. Of particular interest are the relationships which hold
between the spatial and temporal properties of a lifeline and respectively the spatial
and temporal ink that represents it.

Explicit vs. implicit. A major division can be made between implicit and explicit
lifeline representations. Explicit representations are glyphs that embody (part of) a
lifeline, i.e. true lifeline glyphs. Implicit representations are glyphs or groups of
glyphs that do not directly represent a lifeline, but instead imply one, just as road
signs imply the route you should follow in the case of a traffic diversion. Unless
mentioned otherwise, the term lifeline glyph will refer to an explicit representation in
what follows. Examples of explicit representations are illustrated in Fig. Sa-c; an
implicit representations is shown in Fig. 5d.

Single-stroke vs. multi-stroke. The most basic and uncomplicated lifeline glyphs
consist out of one single drawing stroke (Fig. 5a). Otherwise, lifelines may be
composed out of multiple strokes, for some reasons (Fig. 5b-d). The temporal (and
perhaps spatial) gaps in between two successive strokes may for instance model

1"
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important breaks in the motion path of the underlying object, e.g. stops, events,
turning or decision points, etc. (Fig. 5b). In addition, a single-stroke approach will be
inappropriate whenever the lifeline becomes too complex, e.g. when the sketcher
makes reflections about it while drawing. Also, glyphs with disconnected parts must
be multi-stroke (Fig. 5¢).

Continuous vs. discrete. Although lifelines are by definition continuous
spatiotemporal entities (section 3.1), their representations may be either continuous or
discrete. This distinction can be made both at the spatial and the temporal level, i.c.
with respect to spatial and temporal ink respectively. Continuous spatial ink consists
of one or more connected curves, whereas discrete spatial ink comprises at least two
disconnected elements. Due to the restrictions of conventional sketching (assumptions
of section 2), there is always a temporal gap in between two successive drawing
strokes. Hence, for temporal ink, the continuous/discrete division is equivalent to
single-stroke/multi-stroke division. In addition, since discrete spatial ink has to be
multi-stroked, it cannot co-exist with continuous temporal ink. Thus, the following
three configurations are realisable according to this dichotomy:
e Continuous spatial ink, continuous temporal ink, i.e. a simple single-stroke
glyph (most basic glyph).
e Continuous spatial ink, discrete temporal ink, i.e. a spatially connected
multi-stroke glyph.
e Discrete spatial ink, discrete temporal ink, i.e. a spatially disconnected multi-
stroke glyph.
So far, one might ask for the difference between a discrete lifeline glyph (explicit
representation) and a (discrete) implicit representation. The spatial ink of a discrete
lifeline glyph is a discontinuous representation of a continuous curve, such as a
dashed or dotted line (Fig. 5¢). By definition, an implicit representation has no lifeline
glyph(s) but other glyphs that imply a lifeline instead: the flower and arrow glyphs in
Fig. 5d are autonomous entities, whereas a dash segment in Fig. 5c¢ has no
significance on its own.

S

Pl @_%%

I / S
- N N — —— @ ‘/%
I e
4 -7 B B
e d
Fig. 5. Sketch map representations of the butterfly lifeline in Fig. 2: explicit single-stroke

lifeline glyph (a), explicit multi-stroke lifeline glyph (b), explicit multi-stroke lifeline glyph (c),
implicit representation by means of six flower glyphs and four arrow glyphs.



Aligned vs. non-aligned. Without doubt one of the most valuable derivatives of
temporal ink is the chronological order of drawing. As is common in human
communication, this communicative order often reflects the chronology of the
underlying content [18]. We will term this the alignment relation: an element is
aligned if its drawing chronology respects the order (positive alignment) or reverse
order (negative alignment) of the chronology in the underlying content. Note that a
negative alignment differs from the case of no alignment which applies when neither
the right nor the reverse order matches the actual chronology. Three hierarchical
levels of alignment can be distinguished within the context of sketch maps: inter-
glyph, inter-stroke, and intra-stroke alignment. Note that although Huynh et al. [3, 5]
already emphasized the significance of drawing sequences, they merely considered
inter-glyph alignment.

The drawing evolution of aligned lifeline glyphs reflects the order of locations
taken chronologically by the underlying MPO. For lifeline glyphs, the alignment
relations imply an absolute ordering, i.e. a complete internal spatiotemporal
chronology for properties such as motion azimuth or events such as performing a
specific movement pattern. Thereby, they enable geospatial reasoning, allowing for
making inferences like “the object took this bend before heading north”. Note that
single-stroke lifeline glyphs are always aligned, be it positively or negatively.

Scaled vs. distorted. Alignment can be considered the key qualitative relationship
between temporal ink and the temporal semantics of the underlying content. Next to
alignment, numerous quantitative relationships may exist, which enable the extraction
of high level information. However, it is highly probable that quantitative relations —
despite their existence — will not be intended by the sketcher, and hence are
meaningless. Nevertheless, the relationship of linear proportionality (fixed scale)
merits our specific attention for two reasons. First, a linear proportionality is one of
the simplest’ relationships between two quantitative variables. Second, as elements in
geospatial sketch maps are drawn at an approximated spatial scale, then why would it
not be straightforward and natural for people to be able to draw them at an
approximated time scale as well? Obviously, if intended so, perfect linear
relationships are unrealistic, instead of approximate correlations.

As for the continuous/discrete dichotomy, the scaled/distorted division applies to both
the level of spatial and temporal ink. In geospatial sketch maps, spatial ink is believed
to have an approximate fixed scale. At the temporal level, alignment is a necessary
condition for time-scaled glyphs. Time-scaled lifeline glyphs, allow for inferences
about relative speed and travel time in statements such as “the object spent most of its
time on this part of its trajectory”, or “the speed of the object in the bends is half of its
speed in the straight parts”.

At an intermediate information level, in between aligned and time-scaled
representations, temporal ink can be used to segment glyphs according to clearly
distinguishable categories such as slow, moderate, and rapid drawing speed. For
lifeline glyphs, these categories, when meaningful, reflect the actual speed of the
modelled MPO.

3 The simplest one would be the equality relation, which does not make sense, except for the
trivial case where the MPO of interest is the pointer of the input device at hand.

13
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3.3 Typology of lifeline representations

On the basis of the distinctions made in section 3.2, a typology of lifeline
representations in geospatial sketch maps can be deduced, as shown in Fig. 6. A
lifeline is modelled through one or more glyphs (dashed relationship in Fig. 6). These
glyphs will be either explicit, or implicit representations. Within both subtypes,
aligned representations can be distinguished from others (non-aligned). Explicit
aligned glyphs can be further subdivided in continuous and discrete types. Finally,
continuous cases may be scaled or distorted.

Glyph(s)

T o]

| ] | |
I—l Aligned |L| Non-aligned ||-| Aligned IL' Non-aligned I

I_I_I

| |
|—| Continuous | |—| Discrete |

I_I_I

] |
|—| Scaled | |—| Distorted |

Fig. 6. Typology of lifeline representations in geospatial sketch maps.

3.4 Multiple lifelines

So far, we considered the characterisation of individual lifeline glyphs. However,
reasoning about interactions between moving objects, requires relating multiple
lifelines to each other. These inter-lifeline relations have to be temporal, as time
determines space for lifelines, and not vice versa (section 3.1). In section 3.2 we have
shown that alignment properties can be used to describe temporal relations within and
among glyphs. However, lifeline representations are not always aligned. More than
that, the assumptions of one-handed input and line drawing tool preclude a sketcher
from drawing two separate elements simultaneously. Hence, temporal inter-glyph
relations cannot be expressed by means of alignment, apart from the exceptional cases
restricted to before and after relations. Conversely, interactions between multiple
MPOs will be especially relevant for lifelines that happen simultaneously or at least
have a temporal overlap. Therefore, these relationships need to be imposed by means
of additional content such as found in annotations, meta-layers, or specialised
interfaces, which is out of the scope of this paper as stated earlier.



4 Conclusions and outlooks

In this paper, we extended the static concept of sketch maps, and the related ontology
of glyphs carrying ink and content, to a dynamic framework. Temporal information —
next to spatial information — takes a key role in this renewed model, where it can be
found in both ink and content associations. In order to focus on the representation of
MPOs in geospatial sketch maps, we relied on the well-known notion of geospatial
lifelines. The extended model has then been utilised to elaborate a set of characteristic
binary distinctions about lifeline representations. They can be regarded as
dichotomies for a sketcher to choose from when sketching about MPOs in a
geospatial context. Throughout the paper, there is a focus on the interrelations
between the spatial and temporal properties of lifelines and the respective spatial and
temporal ink representing it. We believe that such interrelations are important for
information systems in order to improve the automatic interpretation of the content of
lifeline glyphs by their ink, thereby making extensive use of its temporal ink, next to
its spatial component.

Above all, this paper can be considered a basis for further research. Its content has
been underpinned by theoretical concepts, literature and common sense arguments.
Nonetheless, the authors are well aware of the fact that empirical research is a
necessary next step in order to elucidate and assess how people do represent and
reason about moving objects through sketches. Therefore, we are planning to set up
appropriate test cases and build a tool to acquire and analyse the according sketch
map data. This will enable to answer questions such as to what extent do human
sketchers respect alignment relations, or do humans have the ability to reproduce
time-scaled representations in sketch maps.

Sketching is often seen as a multi-modal, multi-domain and multi-disciplinary issue.
Consequently, in further stages, this work can be extended in numerous ways. To
begin with, special cases of lifelines have been overlooked. Examples are periodic
displacements, e.g. cycles and to-and-fro movements, and lifelines (partially) shared
by multiple objects such as for a herd of animals. In addition, several interpretative
aspects are still to be assessed, such as the abilities to inter- and extrapolate lifelines,
or the integration of multiple lifelines and their underlying interaction patterns.
Furthermore, the restriction to MPOs and two-dimensional top view can be
abandoned, and replaced with other motion concepts and perspectives from different
backgrounds. In time geography for instance, the predominating perspective is that of
a three-dimensional (two spatial and one temporal dimensions) space-time cube [23],
and, to our knowledge, the ability of people to draw sketch maps in such setting has
not been examined yet. In other future work, this work could be extended beyond
motion, to other concepts and applications which relate space and time such as change
assessment and physical planning. Finally, the applied data acquisition restrictions
may be adjusted. We have applied the constraints of conventional pencil-and-paper
sketching. Instead, different assumptions could be employed in order to reflect for
instance the opportunities offered by the latest or planned technological developments
with respect to multi-modal sketching interfaces.

Acknowledgments. The research work of Matthias Delafontaine is funded by the
Research Foundation-Flanders.
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Abstract. User-adaptive tour planning systems are tourist information systems
that can make tour plans customized for individual users. Several systems have
been already proposed, but such wusability issues as frustrating
preference/personality registration process and lack of sense of participation
still remain. In this paper, we review these usability issues and discuss the
following challenges for more practical user-adaptive tour planning systems:
collaborative tour planning, smart detection of user’s preferences, more realistic
settings of tour optimization problems, and mobile-oriented service.

Keywords: tour planning, user’s preference, selective travelling salesman
problem, candidate/critique model, trajectory-based preference detection

1. Introduction

Tourism is a spatial activity that depends highly on the preferences of individual
tourists. Naturally, tourist information systems are desired to provide information
adapted to individual users, especially when the users’ destination is a tourist city
where many types of points of interest (POIs) exist densely and tourists have to
decide which POlIs to visit without sufficient prior knowledge. Indeed, a number of
user-adaptive tourist information systems have been proposed before. For instance,
some systems sort or filter POIs based on the user’s preference (e.g., [1-3]). However,
even if the user is informed about which POIs will be interesting for him/her,
designing an efficient tour plan remains a hard task. Thus, several tourist information
systems, including ours [4, 5], were equipped an ability to design tour plans
customized for individual users [4-8]. These tour planning systems still have several
usability problems, such as frustrating process of preference registration and lack of
sense that the user participates in the planning. In this paper, we review these
problems and discuss some challenges to achieve more practical user-adaptive tour
planning systems.

The remainder of this paper is structured as follows: Section 2 reviews the previous
user-adaptive tour planning systems. Section 3 discusses the problems and challenges
in user-adaptive tour planning systems. Finally, Section 4 concludes the discussion.
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2. Tour Planning Systems

Most tour planning systems have similar three-step structures: preference setting,
evaluation of POIs, and route optimization. As an example, screenshots of our system
[4, 5] are shown in Figs. la-e. In this system, the user specifies his/her interest
through a questionnaire (Fig. 1b), from which the system judges the user’s preference.
Based on this preference, the system calculates the expected value of each POIL.
Finally, the system computes a tour plan that maximizes the total values of POIs to be
visited (Figs. 2¢c-d). The system can also show the information about POIs (Fig. 2e).
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Fig. 1. Screen shots of our tour planning system [4, 5]: (a) its main screen, (b) a question asking
users’ preference over two tour purposes, (c-d) a customized tour plan shown on a map and by
text, and (¢) information about a POI

Setting of the user’s preference is a problematic process. Traditional decision-
support systems ask the user to specify his/her preference on several criteria
manually, for instance by sliders [9]. This approach frustrates the users because they
are forced to evaluate their own preference on obscure scales. Thus, our system took
an alternative approach based on AHP (Analytical Hierarchical Process) [10], in
which the user is given fifteen questions that ask which tour purpose is preferable
(Fig. 1b) and from his/her answers the system calculates the user’s weights on ten tour
purposes (Fig. 2). We considered that the weights on these ten tour purposes represent
the user’s tour preference. This comparison-based process is easier than the slider-
based approach, but the questionnaire takes a lot of time. To realize more quick
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setting of user’s preference, some systems ask the user to input age, gender,
occupation, and so on, assuming that the tourists with demographically similar
properties have similar tour interests [1, 8]. This approach, however, also frustrates
the users, making them feel that their privacy is offended or that the system has a
stereotypical view of their preferences.

Once the user’s preference is modeled, the system evaluates all POIs in the target
area based on this model. The value of each POI may be evaluated from the user’s
weights on several criteria and the POI’s scores in these criteria [4, 5] or based on the
evaluation by other tourists with similar preferences/properties [1, 8]. In our previous
system, each POI is rated in ten criteria, which corresponds to the ten tour purposes
(Fig. 2). Thus, by weighting the ten criteria with the weights on the ten tour purposes,
the score (value) of each POI is calculated.

Finally, the system computes an optimal tour plan. Normally, this problem is a
variation of the Selective Traveling Salesman Problem (STSP) [11] and defined, for
example, as follows:

Given a complete graph (V,E), the utility (value) of each node u;, the time
spent at each node ", the travel time between two nodes t'"*"¢;, origin
Vori € V, destination Vgoq € V, and time constraint T, find a series of nodes
to be visited Vg, ..., Vg, (val. € V) that maximize the some of utilities under a
time constraint T.
.. k
maximize Y;_; Uq;
k isit k+1 (travel
St Zi:l visi a + Zi:o ttrave S <T @)
Vay = Vori> Vagy, = Vgoal
Since this problem is NP-hard, we developed a heuristic algorithm for approximate
solutions, in which we gradually increased the time constraint up to 7" while revising
the tour plan repeatedly [4]. Alternatively, P-Tour [6] adopted a genetic algorithm for
approximate solutions. We, however, believe that strict solutions may be derived in a

practical time by dynamic programming, since the scale of the problem is usually
small (for instance, a tourist rarely visits more than ten POIs in one day).

Social Needs Self-Actualization
I I ]

Health Food and Viewing Cultivate Visit Famous Social Enlarge One’s Experience Regional
Enhancement || Shopping || Sceneries Friendship Places Experience Knowledge New Things Study

Play and
Exercise

Fig. 2. Hypothesized structure of ten tour purposes used in [4, 5]

3. Problems and Challenges

We asked 25 human subjects to test our prototype system [4]. Almost all users agreed
that the customized tour plans matched their preferences, even though they could not
tell whether the recommended plans looked the best for them. Some users complained
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about the inability to modify the recommended plans—for instance, removing the
POIs that they had visited before. Some users complained about the questionnaire, as
it took long time and seemed not directly linked to the planning process.

Actually other tour planning systems have similar problems, as they also impose
certain frustrating preference/personality registration processes and do not allow
manual modification of recommended plans. Exceptionally, P-Tour [6] avoids the
preference/personality registration process, leaving the evaluation of POIs entirely to
users. Thus, the user has much freedom to express what he/she does and does not
want to visit. As a drawback, the user is forced to estimate the value of POIs that
he/she has never been. We, therefore, consider that the desirable approach is a hybrid
one; that is, the system coordinates the tour planning while the user is allowed to
modify the plan and participate in the planning. The system also learns the user’s
preference from his/her involvement and makes use of this information to revise tour
plans. We are going to explain this idea more explicitly.

3.1. Collaborative Design of Tour Plans

How can we encourage the participation of the users, without increasing their
obligations? One possible solution is the use of the candidate/critique model [12].
Imagine that you are shown several plans: one fits the fentative model of your
preference, while others follow different interests. Then, you are asked to compare the
plans and specify which you prefer. If you choose one of the alternatives, then the
system infers what criteria you emphasize, revises the model of your preference, and
recomputed tour plans. This process is repeated until you agree with the
recommended plan. This approach is preferable for the user, since he/she can learn
available choices and clarify his/her needs through the comparison of actual plans.
Even though this approach may be time-consuming, the user probably gets high
satisfaction in the final plan. Fig. 3 shows the interface design of an envisioned tour
planning system that will enable such collaborative tour planning. For simplification,
it shows only two plans on a screen, but the user can see various alternative plans with
different characteristics by clicking the buttons in the right-bottom.

For more flexible tour planning, it is also desirable that the system allows the user
to express which POIs he/she wants to visit or avoid. Even if the user does not want to
estimate the value of all POIs, he/she may want to specify his/her request about
certain POIs. For instance, a tourist, who usually likes art museums but not historical
monuments, may request to visit Palace of Versailles because it is world-famous,
while he may also request not to visit Musée d'Orsay because he has been there
several times. The tour planning system should be able to accept such case-by-case
requests, just like a human tour coordinator can do. The interface design in Fig. 3 also
considers the support of such requests. Addition/removal of a POI can be realized by
dragging its name tag to the three icons labeled “add fo tour”, “not attractive”, and
“visited before”. We distinguished “not attractive” and “visited before” because
dragging to the former icon may be used to revise the user’s preference model, while
dragging to the later icon does not.
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Fig. 3. An image of a new tour planning system that realizes collaborative tour planning

In Fig. 3, the value of each POI is shown by 1- to 5-stars, as the stars are more
intuitive than quantitative scores (e.g., Fig. 1e). On the other hand, the total values of
the recommended plan and alternative plan are not displayed, because the total values,
calculated from an incomplete model of the user’s preference, may confuse the user’s
choice of two plans.

3.2. Smart Detection of Users’ Preference

How can we avoid the preference/personality registration process? One potential
solution is, as introduced in the previous section, that the system seeks the user’s
preference from the choice of alternative plans through iterative interactions. The
second potential solution, which is effective in mobile use, is to ask the user to
evaluate each POI after a visit and to revise the model of the user’s preference
according to the user’s response. Of course, the evaluation of POIs easily becomes an
annoying process during an actual tour. Thus, we should carefully design the
interaction process, such that the evaluation is easy (e.g., selection from one-star to
five-star) and its frequency is minimized.

Another potential solution in mobile scenarios is to learn the user’s preference
from his/her trajectory. Where the user visits and how much time he/she spends there
may tell something about his/her preference, especially when it is compared with the
data of ordinary people. Schmidt-Belz et al. [2], however, questions this trajectory-
based approach, saying that the visit to a church may be not because of the tourist’s
interest in churches, but because of a concert in the church, an exceptional view from
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its tower, or even a little café in the aisle. Yet, we believe that the trajectory-based
preference detection is still useful, especially if we can tell from the micro-level
trajectory whether he is actively involved in sightseeing or, say, taking a rest in a POI.
Kiefer and Schlieder [13] discusses the method to infer the user’s intentions by
parsing his/her trajectory. Such mobile intention recognition techniques are useful for
inferring the user’s touring behaviors from his/her trajectories.

3.3. More Realistic Settings of Tour Optimization Problems

Although it is not apparent in our user test, one weak point of our previous system is
its too simple setting of the tour optimization problem. To make the problem more
realistic, we can think about the following extensions:
1. To assign values not only POlIs, but also links
. To allow the temporal/seasonal fluctuation of POIs’ values;
. To regard the travel time between POls as a fuzzy value;
. To adapt the estimated time spent at each POI to each user;
. To take weather conditions into account; and
. To give lower scores to ‘monotonous’ tours.

AN AW

By Extension 1, the attractiveness of routes between POls is incorporated into tour
planning. This extended problem is a sort of EPTP (Enhanced Profitable Tour
Problem), whose approximate solution algorithm is already proposed in [14]. Of
course, how to evaluate the attractiveness of routes remains as a research question.

Extension 2 is critical for practical tour planning. For instance, museums have zero
value when they are closed. Some overlooks have more values at sunset, while losing
their values when the sunlight comes from the front. Botanical gardens are attractive
in summer, but not in winter. In this way, POIs’ values vary from time to time and
such temporal fluctuation is not ignorable. Matsuda et al. [15] already tackled
Extensions 2 and 3. They formulated FORPS (Fuzzy Optimal Routing Problem for
Sightseeing) and proposed a heuristic algorithm for its approximate solutions.
Extension 3 is also important for supporting the variation of travel time due to traffic
jams or infrequent service of public transportation.

For Extension 4, we have to develop a model for estimating the time spent at a POI
from the tourist’s preference and the POI’s characteristics. For this, we have to
analyze the statistical data of tourist behaviors.

Extension 5 is also essential for practical tour planning. For instance, if the weather
forecast predicts rain in the afternoon, it is better to plan a tour such that outdoor
attractions are visited in the morning while museums are left for the afternoon. Even
after the tour has started, the plan should be modified flexibly in case of a sudden rail.
These problems can be handled by the techniques used for Extension 2.

As for Extension 6, current systems evaluate POIs individually, but not as a
combination. As a result, for instance, if the user likes museums, the systems tend to
recommend a plan that visits museums for all day—which may be boring even for
this user. Thus, it is desirable that the systems can evaluate the monotony of visited
POIs and utilize it for tour planning.
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3.4. Mobile-Oriented Service

In the big trend to mobile computing, tour planning systems will be used more often
in mobile context. A key question is how to provide the service tailored to mobile
devices. For instance, the mobile version of P-Tour [16] monitors the user’s location
by GPS and warns the user if he/she is out of the route or behind schedule [16]. The
capability of such schedule monitoring and real-time tour re-planning is a potential
strength of tour planning systems in mobile use. Trajectory-based preference
detection (Section 3.1) is another possibility of mobile-oriented tour planning
systems. Furthermore, the potential of tour planning systems is more expanded if it is
combined with other intelligent mobile technologies, such as smart route navigation
(e.g., route-specific route instructions [17]) and location-based querying (e.g.,
iPointer® [18]), to form a comprehensive tour support system.

4. Conclusions

Tourist information systems should meet a large variety of user’s needs. At the same
time, the systems should not provide too much information to the users, as
overwhelming amount of information makes their decision more difficult. We already
have several user-adaptive tour planning systems, but, they still have room for
improvement. We discussed several challenges for the future tour planning systems;
they are (i) collaborative tour planning, (ii) smart detection of user’s preference, (ii)
more realistic setting of tour optimization problems, and (iv) mobile-oriented tour
planning service. In addition, the validity of the tourist preference model in the
previous tourist information systems (e.g., that in Fig. 2) should be examined
carefully for the improvement of the tourist information system.

Smart detection of user’s preference/needs/personality is a key technology for all
kinds of user-adaptive information systems. Among these systems, mobile
information systems can make use of the user’s locational information for profiling
the users. The idea of trajectory-based preference detection is applicable to other user-
adaptive spatial information systems. For instance, bike navigation systems may learn
from the trajectory what kind of routes that the user prefers. The information about
where and how long the user spend time during shopping may be useful for adapting
advertisements to the users. We, therefore, believe that the research on trajectory-
based preference detection will expands the capability of spatial assistance systems.
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Spatial Granularity and Perspective in Route
Descriptions for Humans and Dialogue Systems
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Abstract. When conveying information about spatial situations and goals,
speakers adapt flexibly to their addressee. Our aim is to equip our dialogue
system with the communicative abilities required for such a natural, adaptive
dialogue. In this paper we investigate how humans react to other humans and to
a dialogue system when giving route descriptions with a map. We focus on two
aspects of spatial language known to be crucial for navigation: perspective
choice and references to places across levels of granularity. The results of two
studies involving human-human and human-system interaction show that
humans adapt to their interaction partner systematically with respect to both.

Introduction

How do people communicate with dialogue systems about navigation issues? Today’s
GPS-equipped navigation systems are well suited to conveying route information both
visually and verbally — with many configured to react dynamically to a predefined
range of user requests. However, flexible natural language-based dialogue with such a
system is still impossible at present, and open questions remain as to what kinds of
phenomena such a dialogue system would have to cover. A range of possible
application scenarios are conceivable, encompassing not only user-centric outdoor
route navigation but also various indoor settings in which either a human or a system
instructed by a human, such as a mobile autonomous service robot for home usage,
needs route information. In this paper, we address a restricted scenario in which the
user tells a robot — in this case a robotic wheelchair — to move to a particular location.
The environment, as well as the wheelchair, is depicted schematically on a screen in
order to provide a shared basis for spatial communication. We investigate two types
of linguistic aspects known to be crucial for spatial interaction, perspective choice and
references to places across levels of granularity. Although both of these phenomena
have been addressed from diverse angles in the literature, very little is known so far
about users’ intuitive linguistic behavior in this regard when confronted with a
dialogue system equipped to deal with spatial settings. In order to gain insights about
the impact of the interaction partner, we use the same scenario twice — comparing the
linguistic choices made by humans interacting with other humans, with those made by
humans interacting with a dialogue system.

In general terms, dialogic spatial interaction is a major area of importance for
spatially-aware systems particularly in navigation scenarios; yet it remains under-
represented in the literature thus far. Specifically, it is an open question how speakers'
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choices of conceptual reference systems and their linguistic representations are
influenced by the discourse history and by the interlocutor's feedback. It is well-
known that speakers react intensively to the requirements of their artificial interaction
partner, both with respect to linguistic choices (Amalberti et al., 1993) and high-level
decisions (Hinds et al., 2004). Even small changes in the experimental setting,
including the robot's reactions, may be crucial in this regard (Moratz & Tenbrink,
2006), along with users' preconceived mental models and expectations that are
equally decisive for users' conceptualization of the dialogue and their ensuing
linguistic reactions (Clark, 1999). Existing evaluations that have been carried out in
human-robot interaction (HRI) without restricting in advance the language that may
be adopted by users have shown that systems can do very badly, simply because the
actual language used lies outside of that supported (Thrun 2004). It is therefore
essential for HRI to be based on realistic assessments of what language users will
produce, and how they will react to the system’s output. To handle such known
problems we combine established psycholinguistic experimentation with qualitative
empirical discourse analysis of 'freely' produced dialogic contributions, using both
human-human baseline-establishing experiments and genuine HRI and human-system
interactions. For the latter, the dialogue system is progressively augmented with
automatic adaptation according to user models as the empirical results are transferred.

Perspective and granularity

Consider a situation in which you need to communicate information about a spatial
goal to an interaction partner, and you are required to do that via a computer interface
such as the one depicted in Figure 1. Here, a two-dimensional map is shown on the
screen together with a chat interface to be used for communication with the agent — in
this case a wheelchair. In our scenario, we used two versions of this task: in one case
(cf. Study 1, HHI, described below), the wheelchair was assumed to be occupied by a
human user, who used the chat interface to interact with the route instructor. In the
other case (cf. Study 2, HCI, described below), the chat interface was coupled to a
dialogue enabled agent capable of travelling along a described route; such a scenario
may be used, for example, in order to demonstrate a service robot's future path or to
visualize a route in reaction to a request made by a human. In both cases, the
simulated wheelchair moving around in the scene could be observed by both
interlocutors — but only instruction givers could see the location of the next
destination (marked in the map).

In such a situation, as in all spatial communication tasks, a number of strategies are
available to the interlocutors (cf. Tenbrink, Fischer, & Moratz, 2002). Here we will
focus on two distinctions crucial for navigation: granularity and perspective. With
respect to granularity, route instructions may be achieved either by referring directly
to the goal location by using destination descriptions as described by Tomko (2007),
or by incrementally guiding the traveler to the goal by using turn-by-turn directions
(Richter, Tomko, & Winter, 2008). While this may appear to be a binary distinction,
in actual fact speakers combine and vary their descriptions flexibly along these lines
(Tenbrink & Winter, 2009). In the present scenario, a purely destination-based
description is complicated since none of the pre-defined goals has a label (as only



very few locations in the map are labeled at all). Previous research has additionally
shown that goal-based spatial reference is conceived of as particularly difficult for
robots (Fischer & Moratz, 2001). This leads us to expect that incremental directions
will be the norm in both variants of the task, but perhaps more so in the HCI case.
Discrepancies between human expectations and strategies with respect to the
preferred choices of granularity in instruction settings could lead to communication
failure, especially if the system is not equipped to deal with the level of granularity
chosen by the user, or lacks the information necessary to infer the relevant spatial
relationships (Tenbrink & Shi, 2007). The investigation of natural HHI interaction
provides a gold standard for the joint negotiation of spatial goals in this regard.
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Figure 1. Our map instruction scenario. The robot wheelchair is indicated on the top hallway,
facing towards the left side of the picture. The goal location is marked for the instruction giver
only; the location labels are always visible. In the HHI case, joystick movements by the
instruction receiver make the wheelchair move on the screen; in the HCI case, the wheelchair
movements are handled by the system.

With respect to perspective choice, in this scenario, there are two main kinds of
perspective available (Garrod & Anderson, 1987; Taylor & Tversky, 1996): survey
(looking at the map from "outside" the scene) versus route perspective (as seen by the
route-travelling agent). Previous research has established that speakers' perspective
choices are flexibly adapted to various kinds of contextual influences (Tversky,
1999); crucially, interlocutors react subtly and systematically to their interlocutors'
situation and ability (Schober 1998, 2009). In a recent series of studies directly related
to our endeavors reported here, Andonova and Coventry (2008) used a restricted
experimental setting focusing on single direction changes (rather than complex route
descriptions). In that setting, route perspective dominated overall while survey
descriptions averaged only about a third of cases. The naive speakers' choices of
spatial perspective were influenced systematically by the perspective the confederate
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used on the preceding trials. This result further motivates our parallel investigation of
HHI and HCI studies, as reported next. Study 1 (HHI) was previously reported and
analyzed with respect to perspective (but not granularity) in Goschler et al. (2008).
Study 2 (HCI) was reported with respect to system evaluation (but not perspective or
granularity) in Ross (2008). Here we focus on the direct comparison of the two
studies concerning the two conceptual aspects motivated in this section.

Study 1: Human-human interaction

The HHI study involved a schematic map as shown in Figure 1, and two naive
participants who were seated at two computer terminals in separate rooms and who
both looked at the schematic map showing the simulated wheelchair’s position. One
of these participants was asked to imagine sitting in the wheelchair and to give
instructions (using the chat line) to navigate towards a goal pre-defined by colour
marking on their screen (but not on their partner’s). The other participant was asked
to: (a) imagine that their partner was sitting in the wheelchair; (b) steer the wheelchair
with a joystick towards the goal according to their partner's instructions; and (c) ask
clarification questions using the chat line when necessary. Given this setting, the
participants were allowed to use their own linguistic strategies. Accordingly, the
heterogeneity in the data is considerable. Here we focus on issues of granularity and
perspective as described above. 11 dyads (same-sex pairs) were tested in this
scenario. Each of them were given 11 tasks to solve, yielding a corpus of 121
dialogues containing 1,301 utterances in total (873 of which were produced by the
instructor). 1,121 of the utterances were task-related (on average: 9.26 task-related
utterances per dialogue; 101.91 per dyad). Here is one typical example of a HHI
dialogue from our corpus:

Instructor: 2 rdume weiter  [2 rooms further]
Instructee: rechts oder links  [right or left]
Instructor: nach rechts [to the right]
Instructor: rechts 2 rdume weiter [right 2 rooms further]
Instructee: wohin [where to]
Instructee: in den raum bei dem flur rechts
[to the room at the hallway on the right]
Instructor: gleich in den ersten raum wo wir schon mal waren
[directly in the first room where we have been before]
Instructee: das sagt mir nichts [that doesn’t tell me anything]
Instructor: 2 rdume iiber raum b [2 rooms above room b]
Perspective

The analysis of perspective is described in detail in Goschler et al. (2008), who
identified 552 utterances indicating a spatial perspective (49.24% of the task-related
utterances). A range of linguistic markers of perspective typical of this setting could
be identified in the data, such as vom Rollstuhl / Fahrer aus [from the wheelchair /
driver], wieder (links / rechts) [again (left / right)], hinter [behind], vor [in front of],
vorwdrts [forwards], riickwdirts [backwards] as indicators of the route perspective, as



opposed to von dir / mir aus gesehen [from my / your point of view], auf der Karte
[on the map], oben [top], unten [bottom], hoch [up], runter [down] as indicators of the
survey perspective. Such unambiguous allocations are essential for the development
of dialogue systems, since they can be used to support the identification of underlying
perspectives in an interaction situation. For the analysis of linguistic data, it is
additionally necessary to consider the current spatial situation in order to interpret
potentially ambiguous expressions correctly.

The analysis revealed that 314 (56.88% of the perspective-based utterances) clearly
used route perspective, while 148 (26.81%) clearly used survey perspective. The close
examination of perspective choices within dyads highlighted a considerable amount
of variation, and no clear dominance of one of the two perspectives. Perspective shifts
could apparently be triggered by misunderstandings and mistakes; in that case, the
instructor may feel a need to re-represent the spatial description in a different way.
Such a behaviour could also be initiated by the instructee, in which case there is a
parallel to findings from a different dialogic scenario examined in our research
(Tenbrink, Andonova, and Coventry, 2008): In the negotiation of object locations,
addressees were found to contribute to the formulation of a spatial description by
making suggestions of their own, sometimes using different conceptual perspectives.
Thus, it appears that perspective shifts in route scenarios can be helpful to
disambiguate a potentially problematic description.

Granularity

The utterances produced by both interlocutors vary considerably with respect to
granularity. Besides movement descriptions presupposing an underlying perspective
as just analyzed, some utterances describe minor (incremental) actions such as go on
or stop. Here we take a closer look at utterances on a somewhat coarser level of
granularity, namely references to locations as in go out of the room, which are based
on the environment depicted in the map. Such location descriptions may refer to start
locations, subgoals, or the destination itself. Destination descriptions as such,
however, do not necessarily contain locations; these may also remain implicit as in
Jjetzt der vorletzte links [now the second last on the left]. Since both of these
interrelated aspects relate to the issue of granularity, our analysis addresses both in
turn: first we investigate speakers' use of spatial noun phrases (references to locations)
along with their linguistic context to identify more closely what they are used for;
then we address destination descriptions (independent of noun usage).

Noun usage. 315 (28.10% of all task-related) utterances contained at least one
noun referring to a spatial entity, such as hallway, room, intersection and the like. Of
these, 265 (84.13%) were produced by the instructor (rather than the instructee). 68
(6.07% of all task-related) utterances contained a location name (one of the labels
provided in the schematic map). The preposition zu [to] occurred altogether 46 times
in the whole corpus, but only twice together with a location name (hoch zum
Treppenhaus [up to the staircase] and fahr erst mal zum Labor [first just drive to the
lab]). Thus, simple directions to a labelled subgoal were rare in this corpus. The
remaining utterances with location names were typically either complex destination
descriptions (see next paragraph), or clarifying descriptions formulated by the
addressee (bin jetzt vor dem Labor [I'm now in front of the lab]), or they used the
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locations as landmarks during the wayfinding process, as in hinter der Treppe rechts
[to the right behind the staircase]. Thus, speakers used location names typically as
part of a more complex spatial description process.

Destination descriptions. Altogether, 158 utterances by instructors (19.68% of all
of the 803 instructors’ task-related utterances) could be interpreted as destination
descriptions (four of these without noun usage). Many of these were linguistically
complex, such as wir miissen ganz nach oben ins Haupttreppenhaus in den obersten
raum rechts [we have to go all the way up into the main staircase into the uppermost
room on the right]. Most destination descriptions occurred after directing the
instructee incrementally towards the goal, as in:

Instructor: links [left]

Instructor: Jetzt rechts [now right]
Instructee: ok [ok]

Instructor: dann den Gang runter und das 2. Zimmer

[then down the hall and the second room]|

This dialogue represents an uncharacteristically short example; most trials were much
longer even if they did include a destination description at some point (up to 112
utterances within one single task dialogue until the goal was reached). However, there
were some notable exceptions, namely those that already started out with a destination
description. Of the 121 first instructions in the collected dialogues, 44 were
destination descriptions. Remarkably, although some dyads apparently used this
method as a strategy (two of the dyads used it for each single task, accounting for
50% of these initial destination descriptions), altogether 8 of the 11 dyads used it at
least once. Such dialogues did not require much negotiation; often there was no
further exchange once the destination was determined by the first utterance. The two
dyads that relied entirely on this strategy used only 23 and 27 task-related utterances
respectively (through the 22 dialogues they produced). To compare, the average of
utterances per dyad was 101.91 as mentioned above.

Study 2: Human-computer interaction

The dialogue system used for the HCI study was rudimentarily equipped with the
capacity to interpret simple spatial movement instructions, indications of non-
understanding such as Tut mir leid. Ich habe nicht verstanden [I'm sorry. I didn't
understand], and agreement (OK). This was intended in order to establish a baseline
for simple spatial communication with a system. The study was carried out for two
reasons. On the one hand, we wished to evaluate the current status of the dialogue
system by investigating how easy it would be for users unfamiliar with the system to
navigate the virtual wheelchair to a predefined destination. This aspect is discussed in
Ross (2008); following some system improvements, the success rate was actually
quite high (86% of started tasks were completed within the time-out window of four
minutes). On the other hand, we aimed to compare the linguistic data collected in this
study with the HHI data as just described. This is our current purpose. 13 naive parti-
cipants (7 of them before the said improvements) were familiarized with the system
before they were asked to instruct the schematized wheelchair to move to an indicated



location as in the HHI study, while imagining they were seated in the wheelchair. Not
all of the dialogues could be completed, as described in Ross (2008), and the
linguistic data of one user were lost. Altogether, we collected 104 dialogues with
1,727 utterances in total. 1,380 of these utterances were produced by the users; all of
these could be classified as task-related (average: 13.27 per dialogue; 115 per user).

Already at first sight, the contents of the users' descriptions differ considerably
from those of the humans in the HHI situation. While the HHI situation contained
many complex utterances such as those exemplified above, the user utterances in HCI
were overwhelmingly sparse, containing repetitions of simple movement instructions
such as links [left], rechts [right], geradeaus [straight ahead], stop [stop] and the like.
Here is one typical example of a HCI dialogue from our corpus:

User: geradeaus [straight on]

User: halt [stop]

User: nachlinks [totheleft]

System: Tut mir leid. Ich habe nicht verstanden. [I’'m sorry. I didn’t understand.]

User: nach links [to the left]

User: geradeaus [straight on]

User: nach rechts [to the right]

User: geradeaus [straight on]

User: nach rechts [to the right]

User: nach rechts [to the right]

User: zum Haupttreppenhaus [to the main staircase]
Perspective

Of the 1,380 utterances produced by human users, 926 indicated a perspective, only
one of which could be clearly identified as survey based. Specifically, of the linguistic
markers identified by Goschler et al. (2008) as indicating survey perspective, there
was only one occurrence of #och (up) used in a discourse context in which the frust-
rated user apparently tried out a number of possibilities. Generally, the instructions by
the human users relied consistently on an underlying route perspective.

Granularity

Noun usage. 166 (12.03% of all 1,380) human instructions contained at least one
noun referring to a spatial entity; 83 (6.01% of all) contained a location name. The
preposition zu [to] occurred altogether 40 times in the whole corpus, 34 times together
with a location name (e.g., zum Labor [to the lab]). Thus, simple directions towards a
labelled subgoal were fairly regular. The remaining utterances with location names
were sometimes destination descriptions (see next paragraph), but more typically
either sparse utterances containing only the location name, indications of direction as
in Richtung Postraum [direction of mail room], or instructions to leave a labelled area
(aus dem Postraum [out of the mail room]). Thus, speakers used location names
typically to label subgoals in a simplistic fashion.

Destination descriptions. 21 instructions could be interpreted as destination
descriptions (all of which included a noun). Two of these occurred in the first instruc-
tion of a trial (but could not be interpreted by the system). More typically, users fina-
lized an incremental instruction by an utterance like ndchste Tiir links [next door left].
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Table 1. Main features of the human-human and human-computer interaction data

HHI HCI
% No. of % No. of
cases cases

Survey perspective (clear cases of all | 26.81 148 0.11 1
perspective-based utterances by humans) of 552 of 926
Utterances containing nouns 28.10 315 12.03 166
(of all task-related utterances by humans) of 1,121 of 1,380
“zu” (to) & location name (e.g., fo the lab) | 0.18 2 2.46 34
(of all task-related utterances by humans) of 1,121 of 1,380
Destination descriptions (of all task- | 19.68 158 1.52 21
related utterances by human instructors) of 803 of 1,380
Initial destination descriptions 36.36 44 1.92 2
(of all initial instructions by humans) of 121 of 104

Discussion

In order to investigate speakers’ choices of perspective and granularity levels when
interacting with dialogue systems and with other humans, we carried out two studies
involving map-based linguistic interaction. Table 1 gives an overview of the main
results of the analysis, comparing a subset of linguistic features related in each case to
the relevant subset of utterances. Route perspective (imagining being inside the scene
and moving through the hallways with the wheelchair) was generally preferred
throughout. However, in the HHI study the speakers freely and frequently switched
and negotiated perspective choices, for example in the case of problems, similar to
earlier studies in spatial communication (e.g., Garrod & Anderson, 1987; Healey &
Mills, 2006). Although there was no lack of problems in the HCI case, the human
users never used a switch of perspective as a clarification strategy. Similarly, the two
data sets differed considerably in the area of granularity, not only with respect to the
frequency of references to locations, but also with respect to the particular role these
references played in the spatial description process. Human interlocutors frequently
employed references to labeled places embedded in more complex spatial references,
often as part of direct destination descriptions which made communication very easy.
Thus, the HHI dialogues provide examples of joint negotiation of granularity levels,
corresponding to earlier findings from monologic settings (Tenbrink & Winter, 2009)
but switching flexibly in response to features of the interaction development. In the
HCT situation, in contrast, references to locations were restricted to simple references
to subgoals as "stepping stones" in order to reach the goal incrementally; the small
number of destination descriptions usually referred to a near goal location approached
via step-by-step instructions. This indicates a constantly low level of granularity,
similar to earlier findings on user strategies for spatial communication with robots
(e.g., Fischer & Moratz, 2001).

Thus, speakers adapted to the automatic dialogue system as interaction partner on
several levels. They consistently employed simple syntax with reduced spatial content
from the start, along with differentiated spatial strategies when referring to locations,




and a reluctance to switch perspectives. Apparently, current users of such systems are
not prepared to employ complex spatial descriptions resembling those used regularly
in human-human interaction. As such, this result is not surprising given earlier results
on humans’ adaptation to systems as interaction partners (e.g., Amalberti et al., 1993;
Hinds et al., 2004) — however, the specific impact on the crucial spatial issues of
perspective and granularity had not been identified in this way before. While humans
are known to be particularly flexible in these areas (e.g., Tversky, 1999; Tenbrink &
Winter, 2009), the present study has identified the existence of simple default options
that are apparently quite unanimously felt to be suitable for automatic dialogue
systems. Such low-level strategies are in fact useful as they exclude misunder-
standings due to perspective switches, or to clashes with respect to the chosen level of
granularity. Speakers appear to use such simple linguistic problem avoidance strate-
gies intuitively, even if they lack earlier experience with the system as in the present
study. However, humans’ natural interaction strategies in spatial settings allow for far
more flexible communication, including strategies for clarification and adaptation that
ultimately lead to enhanced efficiency (such as switches to direct destination
descriptions). Such flexibility also corresponds more closely to human mental
hierarchical structuring of environments (see for example Taylor & Tversky, 1996).

Conclusion

We presented the results of two studies investigating route directions with a map, first
with human dyads interacting via a chat interface (HHI), second with individual
human users interacting with a dialogue system (HCI). Results showed systematic
differences between these two cases concerning both choice of perspective and level
of granularity. We conclude that, when confronted with an automatic system equipped
with limited capabilities, speakers restrict their linguistic choices to a fairly limited
subset of the options generally available to them. This affects not only the surface of
language (such as syntactic and semantic range) but also the spatial and conceptual
aspects of the navigational setting, leading, for instance, to a re-interpretation of
landmarks to subgoals (in HCI) rather than orientation aids (in HHI). As an outcome,
human-computer interaction remains artificial, awkward and unflexible. For natural
interaction to run efficiently, the employment of suitable clarification strategies and
feedback by the system should encourage users to widen the scope of their linguistic
strategies, gradually moving towards more flexible interaction. We are currently
developing suitable dialogue models precisely for this purpose (Shi, Ross, Tenbrink,
& Bateman, subm.). Further work concerns the controlled investigation of alignment
and misalignment, particularly with respect to speakers’ repair strategies in cases of
communication failure based on mismatches of perspective and granularity levels (cf.
Tenbrink & Shi, 2007).
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Abstract. Location based services should communicate information that
is relevant to the user and personalized to his/her interests and needs.
Existing LBS exploit ancillary information such as the user’s position,
user profile, or time of day to personalize information delivery. However,
there are a variety of information sources that remain largely untapped
in current LBS. These include data from other applications on the mo-
bile device, Web 2.0 sources, or special sensors. They have the inherent
ability to define relevant places, events, activities for the particular user;
they also allow to derive spatio-temporal behavior patterns that adapt
to context. Using appropriate filters, user-specific information can be
mined from these additional ancillary data sources, hence allowing to
minimize user interaction, better personalize content, and generate more
meaningful real-time map displays. This extended abstract hence pro-
poses the use of different filters to further enable adaptation of mobile
map applications to the user and his/her context.

Key words: mobile computing, adaptive filters, context-awareness, mash-
up

1 Introduction and Motivation

Despite the rapid evolution of techniques and capabilities available for spatial
communication; adaptation to context, given tasks and dynamic user profiles are
not exploited completely. Hence adaptation in spatial communication remains a
major research topic in the area of mobile computing and location based services
(LBS).

Most mobile applications/services do not fully exploit the inherent data avail-
able and the possibility to improve user interaction to adapt to certain situations.
By ’inherent data’, we mean sensor data (e.g. GPS, accelerometer, microphone,
camera) and user information that is inherent to the mobile device such as ad-
dress book, calendar, pictures, or music. These provide substantial information
for better adaptation to immediate and extended context. Furthermore this in-
herent data, along with additional services from the Web (e.g. Web 2.0 services),
allows retrieving personalized content such as user interests, hobbies, reading
lists, music styles.
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The retrieved data contains highly user-specific information that is not easily
derivable from mobile device usage alone. The data in this case is not completely
structured semantically but keywords and key-value pairs can be derived from it
(For example: interest, as they key with science, culture and art, as the respective
values).

An example of such a mobile application is a map representation showing
information that is within the time-budget of a tourist and according to the
tourist’s interests. Someone who is interested in science may visit the musea
rather than all the sourrounding shopping malls. The time-budget relevant in-
formation is generated with the help of information from the device calendar
within the device, web2.0 travel profiles and public transport systems. Whereas,
information on the tourist’s interest could be collected from internal profile data
or web2.0 social networking applications such as Facebook. In the later section
discussing the use case a similair example is shown.
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Fig. 1. Timeline for maps from an end-users perspective.



2 Change of Map Usage

Map usage has changed rapidly over the last decades (Fig. 1). As a consequence,
the end-user is presented with an increasing variety of map products and options.
From paper maps to digital maps (GIS systems included); from general-purpose
digital maps to adaptable Web 2.0 maps (e.g. mash-ups with volunteered con-
tent); and recently from adaptable maps to adaptive maps (in the mobile con-
text). The usage of mobile mapping services in a highly dynamic environment
requires adaptation of content to different changing contexts. Small screen size
and limited processing power are further limitations of mobile devices. Further-
more, changes of display scale and content need to be sufficiently fast on the
mobile display, thus requiring powerful algorithms for on-the-fly generalization
[1]. User interaction needs to be minimized and services adapted to become
context sensitive and personalized [2-4]. Other limitations that need to be con-
sidered by the dynamic use of various mobile services are transparency, privacy
and obfuscation [5].

3 Proposed Filtering Methods

In order to filter and organize information for on-the-fly personalization and
generalization of data, we have looked at different possibilities of filtering spatial,
temporal, network, hierarchical, profile and device data. These filters and their
combination allow reducing and ranking the data according to immediate and
future context.

The filters take input parameters such as spatial or temporal distribution to
filter for different parameters or constraints according to the type of filter. The
output then is a subset of the input data enriched with the filter parameters and
the filter rank. Depending on the input data structure filters can be chained or
the output can be used as parameters for a further type of filter. The different
filters personalize the data and help to simplify generalization tasks. Learning
algorithms, along with filters and training data such as user and movement data,
help discover emerging patterns in the form of associations or rule sets [6,7]. A
possible set of filter categories is presented below:

Spatial filters analyze spatial characteristics like proximity or visibility [8].

— Temporal filters derive patterns from timelines of movements, availability
and events [9].

— Network filters analyze personal relations and other graph like structures
[10].

— Profile filters look for instance at similarities between users to derive local
interest groups using Web2.0 and social networking applications.

— Hierarchy filters order the dataset by hierarchies inherent in the data, e.g.
considering administrative units [11].

— Semantic filters analyze and order the datasets according to semantics [4].

— Pattern filters search for movement patterns [12,13].

— Device filters handle device settings and constraints.
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4 Use Case

The use case proposes a mashup application (Fig. 2) to predict important places
to visit during a trip to Paris. The use case applies some of the above proposed
filters using profile or personal information, which is extracted from online so-
cial networking profiles like Facebook [14] and travel profiles like Dopplr [15].
The information helps in determining a pattern in tourism habits and more im-
portantly determining what the user may want to see. Depending on the user’s
hobbies, interests and activities or travel portfolio, places of visit in the city
are predicted. The goal is to point out important places for different users after
looking at their profile, their travel intent, and also after learning from places
they have already been too.

Schedule

According to your interest we
suggestthis schedule for your trip
to Paris.

7h - Hotel - Base Address
8h - Metro
8.30h - Metro

13h - Le Bristol luxury restaurant|
14.10h - Metro

14.30h - Paris Fashion Museum
16.40h - Metro

17.00h - Eiffel Tower

Type: dining
MNIA
Address: 112, rue du Faubourg Saint Honoré, Paris
Duration: 1h from: 13 to: 14

Opening Time: 8- 20.30

Costs: NiA

see Website

Fig. 2. Example application for spatial filtering and profiling together with a mashup
of geographic data.



5 Discussion

Above, we have proposed a set of filters that collectively are more comprehen-
sive than what current systems usually offer. Thus, we hope to tap into new
information sources and utilize more complete information that can be used to
personalize LBS to the user and his/her context. We propose filters as a possi-
bility to enable mobile mapping services to better adapt to user needs for spatial
communication and user-defined mash-ups, combining information mined from
unstructured web resources with well-structured static information.

As a first step towards implementation, we have looked into functions of
deriving patterns and rule sets from user history, profile and activity logs. In a
further stage of the work more filters are planned to be included and applied to
different types of use cases. Furthermore, the linkage to on-the-fly generalization
will be studied.

6 Conclusion and Outlook

The project has only recently started and hence this paper focuses on the con-
ceptual level and on providing initial results to indicate the direction of our
future research. The next steps consist in analyzing the requirements for ad
hoc data integration on the server-side and formalizing different filters of the
types described above, as well as their interaction with on-the-fly generalization
procedures.
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In recent years, technological progress and an increasing amount of ubiqui-
tously available information set the stage for the development of mobile naviga-
tion tools for pedestrians. However, the vast quantity of accessible navigational
and environmental information aggravates effective information extraction. In
order to facilitate the provision of customised information and to avoid redun-
dant information, we currently determine three steps to overcome the shortcuts
of existing approaches: building typologies of pedestrian behaviour, deriving con-
text models out of activities of pedestrians and deriving semantic descriptions
of routes. Based on this strategy we propose, that a more efficient and adaptive
communication of routes for pedestrian wayfinding can be achieved.

The aimed pedestrian typology is derived by using a multi-method approach
considering motion behaviour as well as underlying preferences and individual
attitudes. We developed a methodological set-up including qualitative-inter-
pretative and quantitative-statistical data, which leads to the determination
of a typology of lifestyle-based pedestrian mobility styles. In the first of two
consecutive empirical phases performed in an indoor and an outdoor shopping
environment we collected datasets of over 100 trajectories observed by shadow-
ing techniques. We compiled speed histograms which have been classified using
clustering algorithms. Furthermore we collected and analysed data from 130 in-
terviews. In the currently ongoing second empirical phase we analyse and classify
over 100 datasets collected by localisation technologies (GPS, Bluetooth), as well
as more than 200 semi- standardised interviews. Initial results show that obser-
vations produce a set of homogeneous behaviour clusters which can be used for
tailoring wayfinding instructions and additional location based information to
individual needs.

Based on fundamental models, like the pedestrian behaviour typology, one
of the most important aspects of ubiquitous computing - context-awareness can
be derived. In this paper, we adopt an interactional perspective on context:
something is context because it is used for adapting the interaction between
human and the current system; activity is central to context; context differs
in each occasion of the activity. Based on this understanding, we propose an
Activity Theory based method which attempts to answer the following questions:
how to analyze activity for context- awareness, and how to identify relevant
context parameters. This method includes two steps: by using Activity Theory’s
hierarchical structure of activity, an activity is decomposed into actions, which
we take as units for identifying context parameters; by making an extension to
the Activity Theory’s framework we identify relevant context parameters for each
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action. Finally, an outlook how this method can be used in designing context-
aware pedestrian wayfinding services is given.

Context-models based on activity theory and behaviour modelling has to feed
forms to communicate resulting routes. The aim of semantic route descriptions
is to learn from humans and to adapt their way of describing the world and
routes to use them in navigation systems. In order to do that in an automated
manner a formal model of navigation language is needed. We have chosen to
develop our model from empirical experimental data: Test persons were asked to
describe surroundings and route choices in situ. This resulted in several thousand
statements, which then were processed and classified using methods proposed
by literature. From this we plan to derive a formal model that is not limited to
our test routes. In a second step it is planned to use this model to implement
semantically enriched route instructions in a prototype navigation device. By
doing this we can not only provide a model useable in real-world applications
but also test the semantic navigation in comparison to traditional navigation.

In summary we propose various ways as a strategy to improve pedestrian
navigation services by especially addressing issues of activity-theory, context-
modelling and semantic wayfinding.
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Abstract. Using a navigation device is a proper and safe way to find
a destination in an unknown environment - at least as long as the navi-
gation device keeps working. But a failure of such a device, while being
in an unknown environment, might result in a high stress level for the
user, as users of navigation devices usually follow given instructions and
dont take into consideration the surrounding environment. An empirical
evaluation, run by the author, will create validate data about this phe-
nomena. The results of this test describe the strength of such an effect as
well as individual parameters on this effect. Also their possible influences
on usability research of navigation devices will be investigated.

Using a navigation device in order to find a destination means that the user is
transferring work processes to the navigation device. In the case of navigation,
these processes are referring to spatial tasks. But not only spatial work pro-
cesses are transferred to the navigation device, also control on spatial behaviour
is transferred to the navigation device. The reason is that the actual route is no
longer determined by the user but by the device. In order to reach the destination
in an effective and efficient way, the user has to follow the navigation instruction
as precisely as possible. Current usability research tries to investigate how map
display or user interface can improve the users ability to follow the navigation
instructions precisely (e.g. [6], [2]). Schmid et al. [5] introduced a new sight on
usability of navigation devices, as they postulate that the map display should
enable the user to self-correct routing errors and that the map display should
introduce the unknown environment to the user. Furthermore this transfer of
spatial control might help to reach the destination but the transfer of spatial
control can also result in stress, as control is an important part in cognitive psy-
chological models of stress. [1] Therefore in line with [5] it can be presumed, that
transfer of navigation work processes to specialised devices might improve the
efficiency and effectiveness of the navigation task, resulting in a higher usability
of navigation devices compared to traditional methods of navigation, e.g. route
maps. But it can also be presumed, that the transfer of spatial control might
result in a higher stress level and a higher uncertainness regarding the unknown
environment.

These are the first two questions of the mentioned empirical evaluation. The
third question is the identification of individual characteristics, which might de-
scribe the extent to which a user is feeling a spatial uncertainness by the transfer
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of spatial control. The fourth question is the identification of environmental con-
ditions, which might have an effect on the spatial uncertainness, aroused by the
transfer of spatial control. Two empirical methods will be used in the evaluation.
On one hand an online survey will get information about the individual char-
acteristics of the study participants, which are students from the department of
Geography. It will also give information on the spatial uncertainness of the par-
ticipants while using a navigation device. On the other hand an experiment will
be prepared, containing a navigation task in a virtual environment. This virtual
environment shows a computer-simulated model of the town of Heidelberg from
the project www.gdi-3d.de [7], presented on the XNavigator 3D-Viewer [4]. The
model of the town of Heidelberg will substitute a real environment. For challeng-
ing issues using virtual environments see e.g. Gyselinck et al., (2006) or [3]. The
test is still running; the results of this empirical evaluation will be presented at
the AGILE workshop Adaptation in Spatial Communication.
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