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names of the bus and subway stops involved.
ABSTRACT. Location-based services assist people in their deci- Receiving such information from LBS is yet a
sion-making during the performance of tasks in space. They dasion. Current LBS neither consider the user’s per-
not consider the user's individual preferences, time constrairgonm preferences nor can they integrate interlinked
and possible subtasks to be performed. In order to account {or X d subtasks. In the ab -
these important aspects, a user-centred spatio-temporal theor)pgf'e constralnts and subtasks. In the above scenario
location-based services is required. We propose such a theorylhie business traveller could only ask separately for
combining classical time geography with an extended theory ¢he ways to the office building, a café and a news-
affordances. It assumes that affordances belong to three real %per store. What is missing isser-centred-spa-
physical, social-institutional, and mental. In addition to covering. | h hich all | . b d
the capability, coupling and authority constraints from time ge _|o-t9_,mpora t _eoryw 'C_ a _OWS Ocatl_on' ase_
graphy, this allows for a user-centred perspective because S€rvices to assist users individually during multiple
fordances describe action possibilities with regard to a specifgctivities within a specific period of time.
person. Furthermore, the integration of mental affordances offers Thig paper presents a general framework for
the possibility to account for cognitive time constraints due to the hath hich bi heid fol ical
duration of decision-making processes. This new theory for Iocacf—uC at eory, w '9_ combinesthe| ea_S orclassica
tion-based services is closer to the individual user and more pldiine geographyHagerstrand, 1970) with an ex-
sible with respect to their daily lives. A business traveller scenariended theory ddffordancegGibson, 1979). Time
is used as a case study to demonstrate this. geography has tried to define the time-space me-
Ky WOrdS XX000x, XXXX, XXKXXXX, 000X chanics of different constraints, i.e., the capability,

coupling, and authority constraint. It does not in-

) clude cognitive constraints — although see (Kwan
Introduction and Hong, 1998) — and does not integrate very well
Imagine the following situation. A business travelthe possibility of telepresence and the ability to
ler arrives in a new city at 6 a.m. She is schedulguioject one’s manifestation beyond one’s physical
to have a meeting at 8 a.m. in a local office buildecation — although see Hagerstrand, 1970; Adams,
ing. On the way to the meeting — preferably by put2000. The concept of affordance has its roots in
lic transport — she would like to have breakfast ecological psychology. Affordances describe pos-
preferably an espresso and a bagel — read a newibilities for actions with reference to a user. In an
paper, and make a phone call. Through her Persoeéfort to extend the original concept with elements
Digital Assistant (PDA) the business traveller conef cognition, situational aspects and social con-
nects to alocation-based service (LBS), which sugtraints, it has been proposed that affordances be-
gests a way to do all of these tasks considering Heng to different realms — physical, social-institu-
time constraints and personal preferences: tional and mental (Raubal, 2001).

The integration of time geography and extended
1. Take bus no 3 and get off after seven stops. Makéordance theory allows for representing a user-
your phone call while riding on the bus becausspecific level including time constraints and possi-
the connection is good along this route. ble subtasks to be performed. The capability con-
2. Walk five minutes to Café X, where they havstraint is expressed through physical affordances
espresso, bagels, and various newspapers. Yimun an agent, depending on its capabilities. Physical
have 45 minutes. and social-institutional affordances for agents at
3. Walk three minutes to subway station Y. Takgarious places represent coupling and authority
the green line and get off after three stops.  constraints. They also permit us to remove action
4. Walk two minutes to the office building. Youpossibilities from particular locations. In addition,
will be there at 7.55 a.m. we consider cognitive constraints by integrating
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mental affordances into the theory. These should kexation from a maobile terminal, such as a phone or
included in a plausible spatio-temporal theory bePDA, and relate it to the surrounding environment.
cause using mental affordances (e.g. people engdgpis facilitates the successful completion of tasks
ing in decision-making processes) takes time arglich as navigation (Wintet al.,2001). Tremen-
therefore leaves less time for other actions. Timdous benefits may be achieved from the widespread
constraints and tasks are modelled by a hierarchyadoption of these services, providing large seg-
space-time prisms. The main task is represented ments of the population real-time decision support
a fixed space-time prism, which cannot be changéar purposes ranging from trivial (concierge servic-
—in the above example the business traveller mwest, location-sensitive games) to critical (emergency
be at the meeting at 8 a.m. Subtasks are more adapsponse). LBS may also serve as a mechanism for
able and can therefore be represented by flexibtellecting disaggregate activity-travel data from us-
space-time prisms with variable time constraintsers, providing researchers and planners with more

A user-centred theory for LBS must take into acdetailed information regarding spatio-temporal pat-
count that different people have different preferenderns of interaction in urban environments (Miller,
es for their various activities. Representing thederthcoming, d). In the longer term, many expect the
preferences through affordances allows one to foctechnology to impact upon our lives in unpredicta-
on the activities themselves instead of conventionble ways, similar to the initial development of the
categories of places, which are assumed to allow fiternet (Jenseet al.,2002).
certain activities. The integration of social-institu-
tional affordances into the preference model also )
supports the proposed classification of time-ge&BS architectures
graphic communication possibilities (based on BBS are available in Japan and Europe, with more
given classification, which is extended by socialudimentary services such as Vindigo (www.vindi-
constraints). This new classification seems to lgp.com) available in the USA. An important
more plausible with regard to everyday life. emerging standard is the Open GIS Consortium

Section 1 gives an overview of location-base@©GC) (http://www.opengis.org/) OpenLS initia-
services. In section 2 the relevant principles artie. It defines standards and interfaces to foster
concepts from time geography are introduceapenness and interoperability in LBS development
Section 3 describes the original theory of afand deployment. These efforts seek to leverage ex-
fordances and explains the ideas behind the esting investments in geo-spatial data and process-
tended theory. In section 4 the general framewoikg resources with investments in communication
of combining time geography and affordances igrotocols and infrastructures. This is conducted un-
demonstrated. We use a functional approach fder the philosophy that the spatial processing and
representing the extended theory of affordances diata required to support LBS functions are already
model time-geographic constraints and communpresent, but fragmented among disconnected pro-
cation modes. Section 5 describes additional elprietary systems. Thus interoperable architectures
ments needed for the new theory of LBS: cognitivied support LBS may be achieved by defining the
time constraints in decision-making processespre framework of services that can be linked to-
user preferences, and hierarchies of space-tirgether to provide a functional LBS, and implement-
prisms representing combinations of tasks. Seirg a set of interfaces that wrap the functionality of
tion 6 shows how this integration leads to a nethe core services according to standard specifica-
theory for location-based services, which is dentions.
onstrated by using the case study. The final sectionThe core services defined by the OpenLS are: (1)
gives conclusions and presents directions for a fdirectory services, (2) gateway services, (3) loca-
ture research agenda. tion utility services, (4) route services, and (5) pres-

entation services (Bishr, 200Birectory services
) . provide users with online directories to assist in

1. Location-based services finding specific places, products or services, or
Mutual advances in wireless communications angénges of places defined by a distance threshold.
geo-spatial technologies have spurred interest in d8ateway servicegrovide the interface to the loca-
veloping information services that are sensitive thion position serveilocation utility servicegpro-
the location of a mobile user. These so-cdbed- vide geo-coding functionfoute serviceprovide
tion-based servicds BS) allow users to query their a route between two given points, with options to
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include specific way-points within the route.account for some of the key properties of activities
Routes can be generated to minimize either digtspace and time. First, the LBS inherit the GIS (Ge-
tance or time, and specified according to a particographic Information System) preoccupation with
lar mode of travel. The results to route requests capace and fail to capture the temporal properties. For
optionally include route geometry or textual deinstance, the directory service considers proximity
scriptions Presentation servicggovide the carto- in space but not availability in time. One café may be
graphic capabilities for the LBS; these may be tacloser than another, but it may not be open. The serv-
lored for different types of mobile devices. ices discussed above would fail to consider this pos-
The core services provide powerful functionalisibility and could provide the user with misinforma-
ty, but are even more powerful when coupled taion. Another limitation is lack of support for activity
gether. Consider the following request: ‘Give me acheduling. More sophisticated LBS would support
map with the route from here to the closest caféi-order space-time activity querigke scheduling
This query would require each of the core servicesd execution of multiple, linked activities and sub-
mentioned above. The service chain might begiasks over longer time frames (daily, weekly) and lo-
with a directory service to find the addresses @ations rather than based only on a current location,
cafés in that area. These addresses could thenif@ependent of time.
geo-coded by a location utility service. The gate- The possibility of supporting sophisticated LBS
way service would then query the location of thgueries such as the situation presented at the start
user and provide this location, along with the caféf this paper cannot be accomplished by chaining
locations, to another directory service to determineore components together in ad-hoc manner.
which café is closest to the user. A route servideather, services must be configured to reflect an ex-
would find the fastest route from the user to thplicit theory about what is possible for an individ-
café. All of this information would then be summa-ual in space and time. In addition, there should be
rized into a map that is optimal with regard to theome way to select from several possible activity
user’s device. locations and schedules based on user preferences.
In theory, each of the components to this querfhis paper suggests that integrating time geogra-
could be completed by different entities, connecteghy with an extended theory of affordances can
through standard protocols. This is the goal of thgrovide such theory.
OpenLS XML for Location Services (XLS) speci-
fication. The XLS provides standard interfaces for_
requests and responses to the core services dighe geography
cussed above. These interfaces are implement@idne geography focuses on a necessary condition
using XML Schema, allowing for easy reuse of deat the core of human existence: ‘How does my lo-
fined elements and attributes. Efforts have alsmation in space at a given time affect my ability to
been developed to ‘harmonize’ the core servicdse at other locations at other times?’ Since people
with interfaces developed by other specificationgnd resources exist at a small number of locations
This means that any request or response created for- limited temporal durations, the ability to be
der either protocol will validate against the other.present or telepresent at particular locations and
times is required for almost every human activity.
o Conditioning these possibilities are transportation
LBS Limitations and communication services: they determine the
Current LBS implementations in Japan and Europability of a person to trade time for space (through
as well as emerging architectures in the USA sumpovement or communication) in order to be
port only basic locational queries such as locatiopresent or telepresent at a particular location and
sensitive maps, route finding and spatial searchitigne (Hagerstrand 1970). This section reviews ma-
capabilities (e.g. finding all cafés within 300 meterfr time geographic concepts, particularly as they
of my current location). These services provide supelate to LBS.
port for ‘first-order’ location queries, (i.e., ‘Where
should I go from here and how do | get there?’). This .
represents only a limited scope of the broad spe@pace-time paths
trum of services that could comprise LBS. Thespace-time pathighlights the constraints im-
While interoperable architectures will likely pro-posed by activities that are finite in space and time
mote the widespread adoption of LBS, they fail tas well as the need to trade time for space when
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a longer duration. However, if transportation serv-
ices were more efficient, the shallower slopes of the
space-time path during movement episodes could
have made the original activity schedule feasible.

Tirmea

Constraints and the space-time prism

There are three major classes of constraints that
limit an individual’s ability to participate in activi-
ties in space and tim€apability constraintdimit
activity participation through their inherent abili-
ties and available resources. Having to be at home
for at least six to eight hours per day for sleep is a
! fundamental physical limitation. Owning a car is a
\ resource that allows more efficient trading of time
- 2 g for space in movement. Having broadband Internet
graphical . . o - .
1 spaca connections allows more efficient communication.
Fig. 1. A space-time path and stations. Coupling constraintsequire a person to occupy a
certain location for a fixed duration in order to con-
duct some activity. Attending a meeting, dinner
with your family, having a coffee and surfing the
moving among activities. Figure 1 illustrates aveb at an Internet café all reflect coupling con-
space-time path representing a person’s movemestitaints.Authority constraintsare fiat restrictions
and activity participation at three locations duringn activities in space and time; these may include
part of a day. private property restrictions such as a shopping
Space-time statior(slepicted as tubes in Fig. 1)mall being open from only 9 a.m. to 9 p.m.
are locations containing resources required for ac- Coupling constraints lead to another fundamen-
tivities such as eating, sleeping, work, shoppingal distinction in time geography: the partitioning
obtaining medical services, and so on: in generalf activities into fixed and flexible activitieBixed
any activity that does not involve movement givemctivitiesare those that cannot be easily relocated
the scale of analysis. If the path is vertical, the peand rescheduled in space and time, at least in the
son is conducting a stationary activity. If the path ishort run. Examples include many home activities
not vertical, the person is moving between statiorjparticularly when children are involved), work,
ary activities. A relatively shallow slope indicatesand scheduled meetings with other pedglexible
that less time is required per unit space when moaetivitiesare those that are relatively easy to relo-
ing, (i.e. transportation services are more efficient}ate or reschedule. Examples include shopping and
The path can never be horizontal: this would indidining. Although the boundary between fixed and
cate a perfectly efficient transportation servic@exible activities can be indistinct (e.g. a film ver-
(Lenntorp, 1976, 1978; Pred, 1981). Time geograus a live performance), this is a powerful concept
phy traditionally considers movement at the gedhat allows the analyst to link accessibility to indi-
graphic scale, but the increasing spatio-temporaidual activity schedules.
resolution allowed by positioning technologies An individual’s physical reach in space and time
could push its domain to architectural scales sudtas a geometric expression; namelysibece-time
as shopping in a city center or mall. prism (STP). The STP delimits the possible loca-
Note that the person depicted in Fig. 1 left statiotions for the path based on the ability to trade time
1 but arrived early at station 2 — presumably she h&at space when moving and participating in flexible
to wait until it was available. Consequently, thisactivities in the limited durations between fixed ac-
person arrived late at station 3 and had to leat®ities during a given time horizon (hourly, daily,
when it was no longer available. She subsequentlyeekly and so on). Figure 2 illustrates a STP for the
returned to station 1 earlier than necessary. A bettease where two fixed activities occur at different lo-
choice would have been to conduct the activity afations (say, home and work) and frame a flexible
station 3 first: although station 3 is relatively distaractivity (say, shopping). The STP can be construct-
from station 1, station 2 was available later and fard if we know the times when the fixed activities
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Fig. 2. A space-time prism and po-
tential path area.

must occur (t1 and t2), the minimum time required The STP can serve as a theoretical foundation
for the flexible activity (A) and the average maxifor space-time queries. Queries supported by a
mum travel velocity in the area (v). An activity orspace-time prism include (Miller and Shaw, 2001):
person is accessible only if its station or path inter-
sects the STP to a sufficient degree (i.e. a minimum What locations can | reach in 15 minutes?
temporal duration, determined by the type of activ- (What is the volume of the STP at my location
ity). The projection of the STP to geo-space defines and time?)
apotential path aregPPA): this shows all locations — How long can | stay at this café? What about an-
in space that are accessible to the individual. Ignor- other café? (What is the degree of overlap be-
ing their temporal durations, an activity or person tween a space-time station and my STP?)
is accessible only if its location intersects the PPA Where and when can | meet my friends this
(Miller, forthcoming, a). evening? (Where and when do our STPs inter-
Figure 2 shows only one type of STP. We can sect?)
also construct STPs for cases where the second
fixed activity is unspecified, the two fixed activitiesSTP queries can only capture capability and cou-
occur at the same location, and the minimum rgling constraints; authority constraints do not fac-
quired flexible activity time is unspecified. Sedor into the STP directly. Authority constraints can
(Burns, 1979) and (Lenntorp, 1976) for examplebe incorporated indirectly by eliminating the STP
and analytical calculations. It is also possible tocations that intersect with a restricted region in
construct these entities within multi-modal transspace and time.
portation networks, accounting for spatial and tem- Cognitive constraints have received less atten-
poral variations in travel velocities. This allowstion in time geography since the framework explic-
more realistic space-time prisms that are more usély avoids questions concerning individual prefer-
ful directly in applications such as LBS (see Millerence and choice behaviour. However, incomplete
1991, 1999; Miller and Wu, 2000; O’Sullivaat information and locational preferences can limit a
al., 2000; Wu and Miller, 2001). person’s accessibility as well as the usefulness of
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Table 1.Spatal ard tempor constrants on commuitaions.

Spatial
Temporal Physical presence Telepresence
Synchronous SP ST
Face to face (F2F) Telephone
Instant messaging
Television
Radio
Teleconferencing
Asynchronous AP AT
Refrigerator notes Mail
Hospital charts Email

Fax machines
Printed media
Webpages

Source Based on Janelle (1995); Harvey and Macnab (2000).

activity possibilities obtained from a STP (Hall,marizes classes based on their spatial and temporal
1983; Kwan and Hong, 1998). This can be solvecbnstraints. Spatial constraints are either physical
in an indirect manner similar to incorporating aupresence or telepresence, while temporal con-
thority constraints into the STP. The set of preferrestraints are either synchronous or asynchronous.
locations may be derived through behavioural anabynchronous presen¢8P) is the time-honoured
ysis of locational and activity attributes using mulcommunication mode of face-to-face (F2F) inter-
tidimensional projection and grouping techniqueaction. F2F requires coincidence both in time and
(Kwan and Hong, 1998). Intelligent agent and maspace.Synchronous telepresend&T) requires
chine learning techniques could also analyze the atnly coincidence in time: telephones, radio and
tributes of location queries versus those actualliVV allow individuals to communicate among dif-
visited by an LBS client. ferent places at the same tiMsynchronous pres-
ence(AP) requires coincidence in space but not
time: examples include Post-It® notes and hospi-
Presence and telepresence tal charts.Asynchronous telepresen¢aT) does
Classical time geography recognizes the possibiltot require coincidence in space and time. Printed
ty of telepresence or the ability to project one’snedia, e-mail and webpages are popular examples
manifestation using electronic communicationof AT.
However, telepresence is greatly downplayed rela- Figure 3 characterizes the communication
tive to physical presence. For example, couplingiodes in Table 1 using the space-time path. Two
constraints traditionally require physical proximitypeople conduct a ST communication (say, a phone
in space and time. This leads to the emergencea#ll) early in the day and then conduct SP commu-
space-time bundlesor clustering of space-time nication at an agreed location (say, a café). Later,
paths in order to conduct a shared activity (usuallyne person initiates an AP communication at an ap-
at stations). Although Hagerstrand and others repropriate location (say, by leaving a note on an of-
ognize the possibility of sharing activities withoutfice door). The other person receives the AP com-
physical bundling, this has only recently receivedhunication at that location later and then conducts
explicit attention by researchers. Time geography&n AT communication (say, by sending an e-mail).
focus on time as a resource enabling activity par-
ticipation fits naturally to emerging perspectives
that view time as the major scarce resource in ifxffordances
formation economies and accelerated modern lif@his section introduces Gibson's theory of af-
styles (Miller, forthcoming, d). fordances and describes an extended theory, which
Janelle (1995) classifies communication modds more suitable for a spatio-temporal theory of lo-
from a time-geographic perspective. Table 1 suntation-based services.
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Gibson’s theory of affordances

The termaffordancewas coined by James J. Gik
son who investigated how people visually percei
their environment (Gibson, 1977, 1979). His theo
is based orcological psychologyvhich suggests
that knowing is a direct process and therefore 1
perceptual system extracts invariants embodyi
the ecologically significant properties of the pe
ceiver’s world. An important point in Gibson'’s the
ory is that animal and environment are an insej
rable pair. This complementarity is implied by Git
son’s use oécological physicsSuch physics con-
siders functions of the environment at an ecologit
size level in contrast to a description in terms

space, time, matter, and so on within classical ph
ics.

Affordances have to be described relative to t
person. For example, a chair’s affordance ‘to sit'r
sults from a bundle of attributes, such as ‘flat a
hard surface’ and ‘height’, many of which are re + i
ative to the size of an individual. Later work wit| i &
affordances builds on this so-calleglent-environ-
ment mutuality(Gibson, 1979; Zaff, 1995). Ac- ) ]
cording to Zaff (1995) affordances are measural g'c?l']r?éé'j\;ﬁf‘e‘i”(‘f’;g‘cirfi'r‘fg’riff*”ce in space-time paths.
aspects of the environment, but to be measured ¢
in relation to the individual. It is particularly im-
portant to understand thaetion-relevantproper-
ties of the environment in terms of values intrinsia part of the picture. ‘The framework must serve to
to the agent. Warren (1995) shows that theepresent both the physical work environment and
‘climbability’ affordance of stairs is specified morethe “situational” interpretation of this environment
effectively as a ratio of riser height to leg lengthby the actors involved, depending on their skills
Experimentally, subjects of different heights perand values’ (Rasmussen and Pejtersen 1995, p.
ceived stairs as climbable depending on their owiR2). This may be broken down into three relevant
leg length, as opposed to some extrinsically quaparts: the mental strategies and capabilities of the
tified value. In addition, dynamic or task-specifi@agents, the tasks involved, and the material proper-
conditions must be considered (Warren, 1995). ties of the environment.

Norman (1988) investigated affordances of eve-
ryday items, such as doors, telephones, and radios,
and argued that they provide strong clues to thdixtended theory of affordances
operation. He recast affordances as the results frdm this work we use an extended theory of af-
the mental interpretation of objects, based on pefordances and integrate it with time geography in
ple’s past knowledge and experiences, which ameder to develop a new theory for location-based
applied to the perception of these objects. Gaveervices. It supplements Gibson'’s theory of percep-
(1991) stated that a person’s culture, social settintipn with elements of cognition, situational aspects
experience and intentions also determine her pend social constraints. This extended theory of af-
ception of affordances. Affordances therefore plafprdances proposes that affordances belong to three
a key role in aexperientialview of space (Lakoff, different realms: physical, social-institutional and
1988; Kuhn, 1996), because they offer a user-cemental (Raubal, 2001).
tered perspective. Similarly, Rasmussen and Physical affordancesequire bundles of physi-
Pejtersen (1995) pointed out that modelling theal substance properties that match the agent’s ca-
physical aspects of the environment provides onlyabilities and properties — and therefore its interac-
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Comp (PS)
Paff
Agent (PS)/

Cont (SI) —» Slaff

Env (S,T) »> Maff » Op (Int) » O (Int) — Op (Ext)— O (Ext)

Task

Agent (Cap,G)

Fig. 4. Functional representation of affordances within activity process of an agent.

tion possibilities. One can only place objects on stéerd talking to, asking, and behaving in a certain
ble and horizontal surfaces, one can only drinkay. Many of these affordances are not tied to par-
from objects that have a brim or orifice of an apticular locations (e.g. people can also talk to other
propriate size and can be manipulated and so @eople over the phone).
Common interaction possibilities are grasping Physical and social-institutional affordances
things of a certain size with one’s hands, walkingre the sources afental affordanceDuring the
on different surfaces, and moving one’s eyes to pgrerformance of a task a person finds herself in dif-
ceive things. Physical affordances such as the ‘sferent situation, where she perceives various
tability’ affordance of a chair depend on bodyphysical and social-institutional affordances. For
scaled ratios, doorways afford going through if thexample, a public transportation terminal affords
agent fits through the opening, and monitors afforidr a person to enter different buses and trains. It
viewing depending on lighting conditions, surfacealso affords to buy tickets or to make a phone call.
properties and the agent’s viewpoint. A path affords remembering and selecting, a de-
Many times it is not sufficient to derive af-cision point affords orienting and deciding and so
fordances from physical properties alone becausa. In general, such situations offer to the person
people actin environments and contexts with socitie mental affordance of deciding which of the
and institutional rules (Smith 1999). The use of peperceived affordances to use according to her
ceived affordances, although physically possiblgoal.
is often socially unacceptable or even illegal. The
physical properties of an open entrance toasubway ]
station afford for a person to move through. In theombining time geography with affordances
context of public transportation regulations it afThis section describes how to represent elements of
fords moving through only when the person hastame geography with affordances. By integrating
valid ticket. The physical properties of a highwayime geography and affordance theory we propose
afford for a person to drive a car as fast as possibeconceptual framework, which serves as the basis
In the context of a specific traffic code it affordgor a new theory of LBS. This new theory should
driving only as fast as allowed by the speed limifocus on the user and must explain what is possible
Situations such as these include both physical cofor an individual in space and time. We first intro-
straints and social forces. Furthermore, the whotitice a functional framework of representing the
realm of social interaction between people is baseatended theory of affordances. In the following,
on social-institutional affordances: other people athe time-geographic constraints are modeled with
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affordances. Affordances are further used to repraitional affordances in an environment at a specific
sent an enriched model of spatio-temporal commiscation and time. Affordances offer possibilities
nication. for action as well as possibilities for the agent to
think about them and decide whether to use them or
) not (i.e. mental affordances). The agent needs to
Representing affordances perform an internal operati@p (Int)to use a men-
The proposed formal framework of affordancesal affordance. Internal operations are carried out
uses an adjusted version of the HIPE theory, @ih the agent’s beliefs and lead to an internal out-
function, which explains how functional know-comeO (Int). In order to transfer such an outcome
ledge is represented and processed (Barsdlal, to the world, the agent has to perform an external
forthcoming). According to the HIPE theory func-operatiorOp (Ext) which then leads to an external
tion representations integrate four types of conceputcomeO (Ext) (i.e. some change of the external
tual knowledge: history, intentional perspectiveworld). This external change, in turn, leads to new
physical environment, and events. This theorghysical affordances, situated in social-institution-
seems to be well suited for the formalization of afal and spatio-temporal contexts. The following sce-
fordances because of their functional charactarario from a navigation task illustrates the func-
Similar to functions, affordances are complex relaional framework.
tional constructs, which depend on the agent, its Imagine a person finds herself in the negotiating
goal and personal history, and the setting. Thatuation while following a route. The person wants
HIPE theory allows for representing what cause® cross a river by car and has two options to do so,
an affordance and therefore supports reasoniegher driving over a bridge or using a ferry. Trans-
about affordances. More specifically, it is possibl&ated to the formal model this means thdtiging
to specify which components are necessary amgientperceives the physical affordanceise over
sufficient to produce a specific affordance for a spérom the compounbridgeanddrive on tofrom the
cific agent. compounderry. Notice the importance of integrat-
Figure 4 shows the abstract functional represemg spatio-temporal constraints: the bridge always
tation of the relation between the three affordanafords driving over whereas the ferry affords the
categories during the process of an agent performgent to drive on to it only when it is there (i.e. con-
ing a task. The agent is represented through a phy®cted to the road network). The social-institution-
ical structure P9, spatial and cognitive capabili- al contexts of the applicable traffic code and the fer-
ties Cap), and a goal®). Physical affordances ry business create social-institutional affordances
(Paff) for the agent result from invariant com-for the agent. For example, while driving over a
pounds Comp — unique combinations of physical,bridge the agent is not allowed to exceed a certain
chemical and geometrical properties, which tospeed limit and driving on to a ferry is allowed only
gether form a physical structure — and the physictdr paying passengers. These social-institutional
structure of the agent. This essentially represerdffordances are imposed on the physical affordanc-
Gibson’s concept of affordance: a specific combis. The mental affordance for the agent is then to
nation of (physical) properties of an environmentlecide which of the perceived affordances to use
taken with reference to an observer. according to the goal of crossing the river. The
Social-institutional affordanceS(aff) are creat- agent performs an internal operation, (e.g. a utility
ed through the imposition of social and institutionalunction), which might result in the outcome that
constraints on physical affordances (i.e. whethe agent wants to drive over the bridge because it
physical affordances are perceived in a social-insis cheaper. The external operatiordit/ing over
tutional contextCont (SI)) While performing a the bridgewhich leads to the external outcome that
task the agent perceives various physical and die river has been crossed. At this point, new af-
cial-institutional affordances in a spatio-temporalordances may appear in the environment, such as
environment represented throughv (S,T) This a restaurant affording to eat.
allows for localizing the perception of affordances
in space and time. Otherwise it would be impossi- . . )
ble to determine where and when the agent pdylodelling constraints with affordances
ceives a specific affordance. The three classes of constraints in time geography
Mental affordancesMaff) arise for the agent limit a person’s ability to participate in spatio-tem-
when perceiving a set of physical and social-instporal activities. Positively formulated, they offer a
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Car (PS)
> Paff, —» Maff, — Op,(Inf) — O, (Inf) —» Op,(Ext) —» O,(Ext)
A (PS) utilize utilize drive reach
Paff,? Paff,! car location
STP,

Fig. 5. Functional activity process for person A.

specific set of possible actions for an individualpossibility Maff,). The person then performs an
Affordances are such action possibilities; thereforiaternal operation, deciding whether to drive the
they may be used to represent the time-geograplaiar or not. The outcome of this operation could be
constraints. that the person wants to drive the car. Driving the
Capability constraintgesult from an individ- car is an external operation and after some time
ual’s biological and physical structure, its varioushe person could reach a certain location. Given a
abilities, and the environment's resources. Thiixed activity at this location, the final two steps
relates strongly to the roles of the physical agembay be ideally represented geometrically through
structure and its surrounding environmentahe corresponding STPIt is the spatio-temporal
structure represented in the functional frameworéonsequence of usirRaff, with regard to person
of affordances. Capability constraints lead to spe&¥s physical reach. Figure 6 demonstrates the
cific sets ofPafffor a person. For example, a bedconsequences of two differeRaff for a given
at home affords sleeping for an individual; a catime interval (t1, t2) by showing the correspond-
affords driving for particular individuals only, ing STPs. STRresults from théaff, ‘car affords
(i.e. when the physical structure of the car can braoving around for person A whereas STie-
used by the person). Figure 5 gives an example siilts from thePaff; ‘public bus affords moving
the corresponding functional activity processaround for handicapped person B’ (who cannot
The Paff, ‘car affords moving around for persondrive a car).
A offers to the person to think about this action Coupling constraintdall into two categories,

Time
2 N
VA
/ \
/7 \
/ \
/ \
/ \
I/ \\
/ \
/ \
/ \
/ \
/ \
/ Y
£ STPp )
\ /
\ /
\\\ //
/
/ STP4
\ /
\ /
\ /
\\ //
t ——{Paff,, Pafip}
Fig. 6. Space-time prisms result-
p X ing from different affordances.
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Phone (PS) Mobile
I Paff, Make call Phone (PS) e~ Paff Make/take

B
A(PS) et l B (PS) — call
Cont, (SI) — Slaff, Call B Cont, (ST) —* Slaff, take call
from B
Atalksto B B talks to A

Fig. 7. Functional activity processes for persons A and B.

depending on whether other individuals are inB shows a continuous offering of tRaff ‘mobile
volved or not. For example, surfing the web at aphone affords calling and being called for person
Internet café does not require another person aBd In addition, we need to consider tBéaff be-
therefore the activity’s possibility may be reprecause although physically possible, person B may
sented by &aff only, (i.e. ‘computer at Internet not want to talk to person A, or the two individuals
café affords surfing the web for person A). In casemay speak a different language, which makes
where other individuals are involved, combinacommunication impossible. The geometric repre-
tions ofPaffandSlaffare required for representingsentation of Fig. 8 is based on the functional
the coupling constraints because Badf are em- framework, butin addition we can now identify the
bedded in a social-institutional context. Take, fotwo time intervals where communication is possi-
example, the situation of a person A making ble, (i.e. T, and T,). Itis important to note that cou-
phone call to a person B. Figure 7 illustrates parfding constraints also involve capability con-
of the functional activity processes, assuming thatraints (in the sense B&ff) because the coupling
person B uses a mobile phone. The space-time pédidis to be both physically possible as well as so-
of person A (Fig. 8) shows two space-time statiorsally.

containing the resources of making a phone call Certain domains in everyday life are controlled,
(i.e. a telephone) and therefore offering Bedf leading toauthority constraintsIn some cases,
‘telephone affords calling person B for person A'such as a private property restriction of a shopping
On the other hand, the space-time path of persamll, these constraints can be represented by neg-

Time

/ {Paffs, Slaffs}

Person A Person B

Fig. 8. Coupling constraints for
person A calling person B.
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Time

{Pé}ﬁ SIaﬁ}

Fig. 9. Space-time stations are rep-
resented through sets of affordanc-
es.

ative physical affordances, (e.g. ‘shopping mall’plausible way. For user-centered time geography
entrance is locked and does not afford entering ftwowever it is necessary to extend the given classi-
person A). By representing authority constraint§ication (Janelle 1995) based on spatial and tempo-
with affordances it is also possible to model actival constraints by a third dimension, (isacial
ities that are physically possible but not allowedonstraint) Figure 10 shows the possibilities for
due to social-institutional rules, (e.g. legal regulacommunication. The social constraints are thereby
tions). For instance, at certain parking spots alorrgpresented throug8laff It is through these af-
busy streets parking is allowed only during nighfordances that communication finally becomes
hours. Figure 9 shows the geometric representatipossible or not. Spatial and temporal coupling is
of such a situation: Although parking is physicallynot sufficient if one of the individuals cannot or
afforded for a car (driver) C between t1 and t4, thidoes not want to communicate for social reasons
Paffis restricted by the negati@aff‘parking spot (e.g. speaking a different language).
does not afford parking for car (driver) C' between Communication between two persons through
t2 and t3. synchronous physical presermesynchronous tel-
In general, space-time stations are representedresencés achieved when the relevapaff and

by sets of affordances for specific locations an8lafffor both of them match. The first case requires
time intervals. Such sets may be used to analyse that thePaff ‘place X affords being there for person
action possibilities for an individual. Again, thereA and ‘place X affords being there for person B’
are consequences for the respective STPs. The S3dth exist for a point in time t. Furthermore, the re-
for a person following the speed limit with her caspectiveSlaff need to correspond: ‘person A af-
is smaller (STRin Fig. 6) than the STP for a persorfords talking to person B’ and ‘person B affords
exceeding the speed limit and therefore violatintalking to person A’ (see also Fig. 8 for the case of
the Slaff (STPR, in Fig. 6). telepresence).

Communication based @asynchronous phys-

] o . ical presencds made possible through the crea-
Modelling communication modes with tion of a newPaff, such as ‘note on office door af-
affordances fords picking up for person A.. Creating a new af-
Section 2 highlighted the importance of communifordance in our framework means adding it to the
cation-related time geography. The extended theexisting set of affordances at a space-time station.
ry of affordances allows for representing the differAgain, we need to consider the corresponding
ent modes of spatio-temporal communication in 8lafffor person A to evaluate whether actual com-
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munication is possible. lllegibility of the note
might be an obstacle.

In the case ofsynchronous telepresenaaew
Paff is created at different places (i.e. space-tin
stations). For example, by sending an email o
creates the same n&aff‘e-mail affords receiving
for person A at different places with access to tt
Internet at the same time. In addition, these plac
must be accessible (afford being there) for pers
A at some later date.

TEMPORAL

Decision-making and user preferences

In this section we describe the additional elemer
needed for a user-centered spatio-temporal the:
of location-based services. Individual decisior
making processes take time, which can be tak SPATIAL
into account by considering mental affordance Fi . — .

. ~ Fig. 10. Communication possibilities from a user-centered time-
The modelling of user prefer_ences t_hro_u_gh € geographic perspective.
fordances allows for representing an individual
preferred activities. Finally, we demonstrate tr
modelling of tasks and subtasks through hierz
chies of STPs. -

Physical| presence
Teleprgsence

variety-seeking behavisuch as in recreational
choice;
— uncomplicated choice among limited alterna-

Decision-making processes tivessuch as choice of travel mode;

Spatial reasoning involves a variety of decision-
making methods and choice behavior. Decision
theory covers a wide range of models with different
foci on describing how decisions could or shoule

complex choice situatiomscluding preference
and attitude;

temporal choicénvolving stochastic models;
simulation of complicated choice outcomes

be made and on specifying decisions that are made

(Golledge and Stimson, 1997). Mathematically, @he decision-making process of an LBS user, such
decision ruleis a function that assigns a value tas the business traveller in our case study, typically
each alternative, showing what will happen wheniavolves uncomplicated choice among limited al-
particular strategy is adopte@ecision-making ternatives (e.g. going by car or taking the bus),
criteria are a set of procedural rules that oversee tikemplex choice situations involving a preference
evaluation of the outcome when decision rules afe.g. having an espresso and bagel for breakfast),
applied to a task situation. gfrategycontains de- and temporal choice (e.g. be at the meeting at 8
cision rules that seek a result from all possible waysm.).

of making a relevant decision. It takes time for an individual to make a deci-
Classical decision-making theoriggay be classi- sion about what to do next — think of a tourist on
fied into the categories of riskless decision-makindper way through an unfamiliar city. These time
risky decision-making, transitivity in decision-constraints are essentially cognitive constraints,
making, and game theory and statistical decisiomhich differ from person to person. The availabil-
functions. Golledge and Stimson (1997) argue thét of PaffandSlaffat space-time stations leads to
in many cases human decision-making is not stridtdaff for an individual. The time used for utilizing

ly optimizing in an economical and mathematicathe mental affordances may be represented and
sense — such as proposed by the algorithms of class an influence on how much time is left for other
sical decision-making theories — and therefore eractivities, (i.e. the longer people need to make de-
phasizebehavioral decision theoryn this respect cisions, the less time they have for doing other
they refer to Timmermans’ (1991) typology of dethings). Figure 11 illustrates the situation: At time
cision-making according to spatial choice. It intl a person facesMaffwhose utilization takes un-
cludes models accounting for: til t2. By then the person has decided on which of
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Time

t3

STP,

t1

— Maff

Fig. 11. Cognitive time constrain
> due to decision-making.

the availabléPaff andSlaffto use, (i.e. the choice cused on activities (i.e. what people wamtoin
act). One needs to distinguish betweencth@ice certain situations and places). This has the advan-
act —the outcome of a decision-making process tage of correlating with the action potential of the
and gpreference -an activity within the decision- agent—environment duality represented through the
making process expressing what is desirable. No¢gtended theory of affordances and also of search-
that due to the time loss, the size of the originahg for places where an individual can engage in a
space-time prism at this decision point (TP particular activity (Jordaet al.,1998). It allows for
shrinks in size (ST§}, therefore leading to a re- questions such as ‘find me a place where | can eat
duction of accessible places considering a futuggzza for lunch’ instead of asking for a restaurant
fixed activity at t3. with ‘type = pizzeria'. The latter would result in a
list of pizzerias whereas the answer to the first
question might also include a café with pizza on the
Modelling of user preferences menu.
Representing what is desirable for an individual is User preferences are therefore desired activities,
a major aspect for a user-centered time geograplwhich have the effect of reducing the sets of af-
One benefit lies in the support of spatio-tempordbrdances at various space-time stations to subsets
queries for a particular person (Miller, forthcom-of these (see Fig. 12). Figure 13 gives an example:
ing, d): A general query such as ‘Which location3 he capability, coupling, and authority constraints
can | reach in 15 minutes?’ results in a different arfier a café and person A within a particular spatio-
swer whether the person prefers to walk or go igmporal context result in a set of fdeaff (drink
public transport. User preferences are strongloffee, smoke cigarette, eat pizza, eat bagel) and
linked to capability, coupling and authority con-two Slaff(talk to person B, talk to person C). All of
straints (and also cognitive constraints) becausieese represent action possibilities for person A at
what people desire is not always achievable. THiee given space-time station. By considering the
constraints are generally intervening between prefieneral (e.g. never talk to person C) and time-spe-
erence and choice (Golledge and Stimson 1997Xific (e.g. drink coffee only before noon) preferenc-
Our model of user preferences is strongly foes of person A this set is reduced to the subset of
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Constraints Preferences
Fig. 12. Preferences lead to a sub- Eoptontent => {PaffSlaffy = ({Paff,Slaff}, , < {PaffSlaff}
set ofPaff andSlaff agent
Cap., coupl.
and auth. Preferences
constraints of person A
{Drink coffee,
smoke cigarette, {Drink coffee,
Café e ;
= eat pizza, = eat bagel,
o 13, E e for reduci . person A eat bagel, talk to person B}
ig. 13. Example for reducing se

of affordances through user pref- talk to person B,
erences. talk to person C}

two Paffand oneSlaff In general, user preferencegperformance of various tasks in a spatio-temporal
need to be specified for various domains and spatiervironment and also for finding optimal solu-
temporal contexts in order to be applied to differeritons to their efficient spatio-temporal combina-

situations. tion.
An optimal solution under time constraints is
Tasks and subtasks required when a person needs to participate in a fu-

People often combine different tasks and dividaure fixed activity and has time beforehand to en-
complex tasks into smaller subtasks. Such comhkgage in some flexible activity. The main task of
nations and divisions of tasks can be representatbving to the place of the fixed activity is thereby
through hierarchies of space-time prisms. Thegepresented by a fixed STP. The respective STPs
hierarchies form the basis for analyzing people’'soncerning the flexible activity are contained

!

{Paff + Slaff}c

(Paff + STafffs |

-
-
-

tl

=

> r-'”;.:"Choice act
.
‘\.Maﬁ

Fig. 14. Optimal solution for flex-
ible activity before fixed activity.

k J
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Towards a user centered theory for location-

COGNITIVE based services

This section presents an overview of the conceptual

framework developed above, and explains why it
will lead towards a more plausible and effective
User - theory for LBS. The application to our case study
é é demonstrates how this theory should help in solv-
5 @) ing complex problems.
O o
(@) E Overview
[ Current location-based services do not support a
LBS majority of tasks, which people perform in their
daily lives (see also section 1). In particular, they

are not tuned to the individual users, therefore ig-
SPATIAL noring the users’ preferences. The conceptual
framework of integrating time geography and af-
fordance theory presented in the above sections is
intended to serve as the basis for a user-centered
theory of LBS, which can explain user-specific
possibilities in space and time. By taking into ac-
count not only spatial but also temporal, social and
within the fixed STP. Figure 14 illustrates thiscognitive aspects (Fig. 15), this theory allows for
case: The fixed activity (e.g. participating in assisting people in tasks, such as activity schedul-
meeting) starts at t6 at space-time station C (remg based on individual preferences and time con-
resented through a setRdffandSlaff). STR, rep- straints, which current services fail to support.
resents the spatio-temporal possibilities for an in- Current LBS focus primarily on thepatial as-
dividual to move there. Engagement in the flexiblpect, which is manifested through geo-coding func-
activity (e.g. spending time at a café) must therdions, spatial search capabilities and route services.
fore occur within STPbut there are two places toThe latter calculate an optimal route and provide a
choose from. Notice that the original SEPrinks  sequence of instructions for this route. These in-
in size due to the time spent on using keff — structions are always the same for the same route —
which comprises the three setsRafff andSlaff — they are not tailored to the user. For example, many
(i.e. (t1-t0)). In the case of conducting the activitypeople want route instructions to include landmarks
at space-time station A and then moving to spacéRaubal and Winter, 2002), while others prefer sur-
time station C (dashed space-time path), the tinvey information. Considering the user’s preferences
loss due to movement would be (t3-t1) + (t6-t4)(section 5) allows for making LBS more adaptive to
leaving (t4-t3) for the activity. Engaging in the acthe individual in various contexts. Spatial activities
tivity at space-time station B would minimize theoccur in time but théemporalaspects are mainly
time loss and leave more time for the activity, (i.eneglected by existing implementations of LBS — es-
(t5-t2)). The latter is therefore optimal with regardimations of how long it takes to follow a calculated
to the preference of spending time on the activityoute being an exception to the rule. The proposed
The respective space-time prisms ($Té&hd framework allows for a theory of LBS, which ex-
STRy) limit the amount of time which may be plicitly captures the temporal properties. Af-
spent on the flexible activity, keeping in mind thdordances correspond to spatio-temporal sets, (i.e.
future fixed activity. they are available at certain locations and for given
Every subtask performed within a fixed STRime intervals (section 4)). The model considers
leads to a new smaller fixed STP, which can agaiemporal availability of possible activities, which
be analyzed for action possibilities at space-timmakes the scheduling of multiple tasks over longer
stations. The optimal solution for the combinatiotime frames achievable (section Spcialaspects,
of various tasks and subtasks may be found liycluding institutional and legal characteristics, af-
searching through possible STP hierarchies.  fect our daily lives and need to be integrated into a

Fig. 15. User-centered theory of LBS.
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plausible user-centered theory for LBS. So far, onlghoice set formation, which results in the cognitive
a few social services, such as friends finder servicdsasible opportunity set (CFOS). There are impor-
are supported. The new theory allows not only faant differences however: First, we consider all fea-
integrating institutional and legal facts, but also fosible activity locations for the individual, whereas
calculating their spatio-temporal consequencesCFOS does not consider unknown locations as al-
(section 4). This is a direct result of representing sternatives but only those present in the user’s cog-
cial-institutional affordances in a time-geographiaitive map. Such an approach does not work for us-
context. Furthermore, it becomes possible to modets of LBS in unfamiliar environments, however.
the various communication modes, including teleg@Second, a CFOS is based on locational preference,
resence, in a socially plausible way, i.e., by takingghereas here we focus on activities, which allows
into account an individual’s willingness or unwill-for a more comprehensive search (see section 5).
ingness to communicate with other individuals (sec- For the case study, the method works as follows.
tion 4). A user-centered LBS theory must includ@he business traveller has two fixed activities: ar-
cognitiveaspects regarding its users. In combinaiving in the city at 6 a.m. (at train station TS) and
tion with user preferences, the new theory accourttging at a meeting, which starts at 8 a.m. (at office
for individual decision-making processes througbuilding OB). She has two possibilities of going to
the integration of mental affordances and their spthe meeting, either by car or by public transport
tio-temporal consequences, (i.e. spatial accessibi{represented througPaffs7 and 8). The LBS now
ty and temporal availability (section 5)). derives two different STPs depending on the mode
of travel - STR,.and STB ;; Next, the spatio-tem-
o poral affordance sets for relevant space-time sta-
Application to the case study tions are being marked (i.e. for locations A, B, C,
LBS that are based on the new user-centered the@yand E). These sets are then intersected with the
support sophisticated queries, including tasBTPs, reducing the number of relevant space-time
scheduling and time constraints. As an example, vatations to four (B is eliminated because it does not
show its application to our case study, described fittinto the time constraints). The result of this in-
the beginning of this paper. The case study covetexrsection are sets of possible activities for the busi-
most of the concepts presented, such as time-gewss traveller within her available time interval.
graphic constraints in the form of affordances, telFhese sets are then intersected with the set of the
epresence, user preferences and subtasks. user’s preferences (Table 2) with the result of elim-
Figure 16 demonstrates the LBS reasoning protating A because it falls completely into STP
ess based on a user-centered spatio-temporal théghich is eliminated because of the preference ‘go
ry, which allows for solving the business travelleby public transport’). The resulting three sets C, D
's task scheduling problem. The numbers refer t@and E are highlighted in dark grey. Based on these
the affordances in Table 2, which also shows the usets, two possible space-time paths are calculated
er’s fixed and flexible activities and preferences. lhy the service. The first path (dashed line) leads
order to keep the figure simple, the specific instruérFom TS to newspaper store E, where the business
tions for using public transport and wayfinding aréraveller would arrive early. After waiting for 20
not considered. Answering the user’s query may bainutes (the store opens at 7 a.m) she could buy a
visualized through geometric intersections of spasewspaper and go by public transport to café C. At
tio-temporal sets. The following steps are applied the traveller would have 15 minutes to enjoy
breakfast (espresso and bagel) and make a phone
. mark fixed activities; call before heading off to the office building. The
. create STPs for possible transportation modesecond path (solid line) leads from TS directly to
. mark affordance sets at space-time stations; bistro D. During this journey the business traveller
. intersect STPs and affordance sets; is telepresent (represented throuff}, ) and
. intersect previous results with set of user pretould therefore make her phone caﬁ. At D she
erences; would have 45 minutes for breakfast (again, espres-
. calculate space-time paths and analyze themso and bagel) and reading a newspaper (various
. show result. newspapers are available at this place). Based on
the user’s preference of ‘spending time for break-
This approach is similar to Kwan and Hong'fast’, the LBS suggests the latter result to the busi-
(1998) GIS-based method of restrictive spatialess traveller for scheduling her desired spatio-
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Time
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Fig. 16. LBS theory applied to the
- X case study.

temporal activities. This example does not involve )

cognitive time constraints due to decision-makin§onclusions and research agenda

because the user is presented with only one restift.this paper we proposed a conceptual framework
Cognitive time constraints need to be representédsed on the integration of time geography and af-
when more than one possible space-time pathfizrdance theory for a user-centered theory of LBS.
suggested to the user, leaving the final decision Tis integration allows space-time mechanics and
her (i.e. creating a mental affordance for h8kff human interactions to be expressed as user-specific
such as for communication can be taken into aection possibilities. A case study was presented to
count only when the person to be called is also regemonstrate the benefits of this approach in an-
resented by the LBS. swering sophisticated spatio-temporal queries in-

Table 2. Activities, preferences, and affordances for the case study (depending on the level of
granularity — which is being ignored here, but see research agenda — activities comprise one or
more actions; preferences aesiredactivities/actions; and affordances possibilitiesfor ac-

tions).
User Affordances
Fixed activities Arrive in city 1 Drink espresso
Be at meeting 2 Eat bagel
Flexible activities Go to meeting 3 Eat sandwich
Have breakfast 4 Read newspaper
Read newspaper 5 Buy newspaper
Make phone call 6 Make phone call
Preferences Go by public transport 7 Go by car
Drink espresso (for breakfast) 8 Go by public transport

Eat bagel (for breakfast)
Spend time for breakfast
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volving time constraints, subtasks and user prefemnd how it should be presented. Accommodations
ences. However, implementing this framework asfar this may be directly incorporated into our the-
theoretical foundation for LBS development willory by applying body-scaled ratios (section 3) at
require coordination among several research diredifferent scales to physical and mental affordances.
tions. The results from this work will no doubt have direct
Enhanced knowledge regarding the decisionmpacts on user interface designs and human—sys-
making process of individuals is one potentially vitalem interaction.
research direction. Particularly intriguing questions Attention must also be given to the implementa-
involve the time constraints imposed by necessatipn specifics of measuring affordances in real time
decision-making activities. Future research shouldr mobile users. The framework presented here
attempt to gain insights into how these constrainfails to consider the difficulties inherent in measur-
are constructed and how variations occur among difig user locations, as well as measuring the space-
ferent people and cultures, in different geographictime locations in the environment that afford action
and temporal contexts, and for different types of dgossibilities. Concrete implementations will need
sired activities. This knowledge will facilitate moreto consider the uncertainties occurring among both.
realistic derivations of the space-time prism that wiWith regard to user locations this will require an
in turn provide users with more appropriate actionnderstanding of how user tracking affects the real-
possibilities. Understanding these decision-makingme calculation of space-time prisms. Work in this
processes may also assist in developing methods éwea is currently ongoing, and may benefit from ex-
deriving personal preferences. In order for LBS tsting research on moving objects databases — see
realize its true potential, it must account for useBistlaet al.,1998; Moreiraet al.,1999; Pfoser and
preferences and past experiences. These advandmssen, 1999; Leonhardi and Rothermel, 2002 —
may then allow scheduling or activity planning teand measurement theories for time geography
occur without an explicit user request. Work in thigMiller, forthcoming, b).
area may benefit from frameworks that store histo- Work must also be conducted in the area of for-
ries of previous user requests using multidimensiomal representations and implementations. Much of
al database designs (Smyth, 2001; Jereteal., this work will require the representation of spatio-
2002) which are analyzed to determine trends bemporal sets and perhaps formulating a multi-
time and across space. An understanding of thesgent system that would allow for using the frame-
trends may then be used in our spatio-temporal theerk’s asynchronous communication possibilities.
ory to weight action possibilities represented’hese works could be augmented by a direct inter-
through a user’s mental affordance. It should be ndace with the OpenLS specification to make the
ed that methods involving the analysis of stored beervices more dynamic and central to the user
havior raise serious questions with regard to persomeeds. Representations of moving space-time sta-
al privacy and surveillance. The usefulness of thesiens are also required to provide the communica-
techniques must also be measured in relation to théon possibilities of users with mobile phones or
potential invasive practices (Smyth, 2001). Methodsireless communications. The underpinning of
for doing so are open research questions. this work will then be the synthesis of all these ar-
Decision support for mobile users should alseas of research into a formal theory of LBS.
consider the effects of geographic and temporal At the present time, researchers have yet to con-
scales on an individual’s information requirementssider LBS as anything more than a location-de-
The current framework incorporates the extendgeendent wireless extension of the current GIS ap-
theory of affordances with an assumed uniformlication framework. This is particularly apparent
scale. However, it seems likely that the informatiom the lack of attention given to the temporal prop-
required when traversing street networks in an aerties of activities and the unique situational con-
tomobile is very different from that when walkingtexts of individual users. Current applications also
in a shopping mall, as perception is largely a fundail to consider activities with unique spatial de-
tion of situational context. These considerations apendencies, such as those provided through tele-
equally valid at different temporal scales. Usersommunications and asynchronous interaction.
may require different assistance when schedulinhe integration of time geography and affordance
activities within a day as opposed to throughout thibeory addresses some of these issues, but future
week. These considerations affect how users willork is required before a functional theory may re-
query a LBS, whatinformation should be providedalistically be implemented.
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