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Abstract

People ded with pacesin their everyday lives. Interadions with places are based onthe meaning
people adgn to them. In arder to integrate the wncept of placeinto geographic information
systems (GIS), places have to be modeled. This paper presents a methoddogy to modd places
with affordances. Affordances are what objeds or things offer people to do with them. Our
methoddogy d modeling daces with aff ordances integrates cogntive and engineeing aspeds,
therefore leading to a knowledge-representation that comes closer to the user. An example is
used to show the goplicability of the model. Our conclusionis that the integration d aff ordance-
based models of places into future GIS will | ead to a better communicaion between users and
systems.

1. Introduction

People from a variety of disciplines lament the genera erosion d a “sense of place” (Boyer

1996 Sorkin 1991 McCullough 199&. While gred energy has been devoted to refleding onand
measuring the spedfic dfeds of these phenomena on ou sense of placein the material world, it

would sean equally important to explore possble ways for improving the representation d place
within the digital environment.

This paper addresses the question d how the concepts of place might be represented within a
geographic information system (GIS). A GIS is by definition an information system where
digital information can be referenced to geographic locaions towards the objedive of modeling
phenomena, dyramics, behavior, and pdentialities in geographic space And more often than
not, GIS data ae @ncerned with a speafic geographic space If a model of place ca be
formalized, it will become useful in computational environments, such as a GIS, where the
concerns over the spedfics of locaion and environment are inherent.

We alvocate the use of aff ordances—thase things which an oljed, an assemblage of objeds, or
an environment enables one to do—for modeling dace within GIS. Through reference to
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writings from several disciplines sich as geography, eclogicd psychdogy, and architedure, we
elaborate aworking definition d what is important abou and what is meant by “place” We dso
provide adefinition o affordances and dscuss ®me alvantages an aff ordance-based model of
placewould add to the models presently deployed in GIS. Current GIS define place & attributes
attached to coordinate locaions. We pay particular attention to user criteria and the dynamic,
adion-oriented quelities in ou model. With this groundvork, we discuss the details of the
proposed aff ordance-based model, and we provide an example of how important aspeds of place
can be catured and described throughthe use of this model. Thereby, we demonstrate how the
use of the dfordance-based model of placewould represent a significant step forward in the
migration towards more intuitive and individualized dgital environments.

The remainder of this paper continues with an overview of the ancept of place(Sedion 2. We
discussthe objedives of a scientific study d place review viewpoints from severa disciplines,
and explain why paceis important in GIS. Sedion 3introduces the term affordance Sedion 4
presents the 3 part aff ordance model. In Sedion 5we daborate onthe gplicaion d the model to
important aspeds of place Sedion 6 pesents conclusions and suggests diredions for further
reseach.

2. The Concept of Place

People interad with pacesin their everyday lives: they are constantly movingin places, working
in them, and most importantly for GIS, making deasions in and abou places. Places provide a
context for everyday adion and a means for identification with the surroundng environment.
They help inform our own sense of personal identity—such as national, regional, cultura
identity, socioecnamic identity, or religious identity (Entrikin 199)—and they make us
identifiable to athers. For example, it is often the case that people' s behavior can be linked to the
places they come from. Also, judgments of what is good as oppcsed to what is bad vary
acording to the placeof a particular aa (Therborn 1980Q: Oddy, some peopl€'s readions to
graffiti indicate that graffiti is“in pace”in art galleries, bu “out of place”in pulbic places such
as sbway stations (Cresswvell 1996. Therefore, the meanings given to places are fundamental
comporents of socia interadion (Goff man 1959.

2.1  Scientific Study d Place

Scientific studies of place investigate questions such as what makes a place important, how
people asgn meaning to it, and hav people seled among the multitude of phenomena that
constitute aplace(Entrikin 1991. These studies form a difficult task, becaise in order to come
up with a scientific concept of placeit is necessary to acoommodate the relatively objedive view
of the theoreticd scientist (i.e., a decentered view) as well as the subjedive view of the
individud (i.e., a cantered view) who dredly experiences a spedfic place Entrikin (1991 p.133
suggests that “understanding fdace in a manner that ceptures its snse of totality and
contextuality is to occupy a pasition that is between the objedive pae of scientific theorizing
and the subjedive pade of empathetic understanding.” Experiences of places involve perception,
cogntion, and affedion. Therefore, a place cana simply be described as the locaion o one



objed relativeto athers. The mncept of placehas to integrate both its locaion and its meaningin
the context of human adion. As Tuan (1977) putsit: placeis gaceinfused with human meaning.

2.2 Overview of the Concepts of Place

Geographers have become increasingly concerned with human experience and adion (Cresswell
1996. Therefore, their interest in the ancept of place has aso increassed. The geographicd
concept of placerefers to the ared context of events, ojeds, and adions, and includes both
natural elements and human constructions. It also incorporates the notion d change through
time. Entrikin (1991 p.2% places eda emphasis on the importance of narrative understanding
for cepturing the significance of place ad argues that such relative centeredness allows us to
cgpture dements of both ojedive and subediveredity.

Relph (19769 describes place & a unique instance of a pattern, generally composed of physicd
feaures and appeaances (e.g., the setting landscgpe), observable adivities and functions (e.qg.,
ritual routines), and meanings or symbads (e.g., persona experiences). He says places can
overlap and interpenetrate, and also includes the notion d insideness v. outsideness—for
instance, agypsy camp is aplaceregardliessof its surroundngs and locaion coordinates.

Curry’s (1996 elaboration d atheory of place aserts that places do nd have any sort of natural
boundxries that “somehow existed long kefore people were there,” but that placeis a “locaion
that has been gven shape andform by people.” He quaes Carl Sauer who stated that there ae no
natural places. Places are ahuman invention, engendered in a number of ways:

e Naming: Thefirst thing settlers/explorers do when they arrive in new territory al ows them to
“carve out a portion d what was inchoate and turn it into a place of which they can talk and
to which they can return.”

e Applying Typdoges: Categorizing—"We make places by coming to seewhat is new to us as
a cae of what isfamiliar ... thisisastrean ... river ... inner city ... ghetto ... subub.”

e Making/Pickng ou a S/mbd: Aggregating the infinite details of an area behind a
representational icon. “The part stands for the whoe: Pyramids—EQypt, Statue of Liberty—
America etc.”

e Tdling Sories. Narratives define literature place The seledion/popuarization d these
stories says much abou the dominant charaderizaion d a place—what “belongs’ in aplace
and what may be marginal or marginalized. Stories of heroic battles against American
Indians, Columbus, etc. turned “a nation into a place”

e Doing Things. Espedally in a ritualized fashion: Curry talks abou CorteZs ritua for
claming dscovered lands for the Spanish Crown: “He suppacsedly moved walking onthe
said land from one part to ancther, and throwing sand from one part to another, and with his
sword he struck certain trees ... and dd ather ads of possesson.” Curry also mentions those
things one does when moving to a new town, to gain familiarity and fed more comfortable
there, aswell asthe matters of everyday habit and routine.



Architeds and uban panners are naturally interested with the impad of the built environment on
our sense of place beit small scde (e.g.,a dhair or aroom), or larger scde (abulding a a aty
block). “As much as built spacelets us move in some ways, bu not in ahers, so it is the nature
of all spatial constructions to encourage some experiences and dscourage others” (McCullough
1996 p4. Buildings themselves, being intentionally produced, have agrea impad on the
subsequent behavior that happens in and aroundthem.

Boyer's (1996 essays are settled onthe premise that in post-modern times computers guide the
way we model the world and gasp redity in the same way that “the madine” provided the
fundamental means by which people imaged the world ower the greaer part of the last century.
By analogy, the macdiine and the computer inform the way people “pattern the aty.” In the cae
of the computer, thisisredly are-patterning d an alternative dty, as the post-modern audience
finds things “behind the screen” far more interesting than things in front of it, and tends to be
bedoned into the escepist “recaling spaceof the dedronic matrix” (Gibson 1984 Dieberger
1995. In the Cybercity placeis relatively nonexistent, becaise the spedfics of time, space and
architedure which are required to define and dstingush places have been eradicaed. The
Cybercity ladks a center, standing it in stark contrast with the material city, which gudes
travelers on its outskirts toward the “downtown” and “center.” The Cybercity offers highly
mediated forms of communicaion owr centerless network-like structures—’"the space of
flows.” One of the greaest differences between placein the material world and spacein the
cyber redm is that the red world is very analog—it is continuouws from a maaoscopic paint of
view, whereas cyberspace is digital, Booean, changing from one state to another with no
trangition.

2.3 Placein GIS

The @ncept of placehas thus far been negleded within GIS. Present GIS are built ontwo basic
standard data structures, vedor and raster (Frank 1993, and model spacewith reference to the
coordinates of a locaion. Such a way of mapping space though seful, does nat aways match
the way people think abou their world. The spaces defined by mathematics and physics are
enriched with human experience and become what we cdl “places’ (Couclelis 1992. People
assgn complex meaning structures to places and based on such meaning they dedde &ou
subsequent adions and bkehavior. Current GIS do nd easily alow mappings of these adivities
dore in places. Integrating a model of how people mnceptualize and percave places into GIS
will, therefore, increase the usefulness of these systems. If concepts of place beaome a
fundamental comporent, we will then be @le to use GIS to make these important dedsions
abou places.

3. Affordances

The term affordance was introduced by Gibson (1979 who investigated howv people percave
their environment. Gibson described the process of perception as the extradion d invariants
from the stimulus flux and cdl ed these invariants aff ordances. Affordances are what objeds or
things off er people to dowith them. Therefore, they crede potentia adivities for users. Gibson's
theory of affordances is influenced by Koffkas (1935 work on Gestalt psychaogy, where he
states that “ead thing says what it is.” Gibson argued that by looking at objeds people percave



their affordances and nd their physicd qualities (e.g., size, color) as propased by athodox
psychaologists.

Much work with affordances builds on a fundamenta tenet of emlogicd psychoogy, cdled
agent-environment mutuality (Gibson 1979 Zaff 1999. This suggests that at a fundamental
level, various aspeds of agents and their environment need to be understood in terms of the
relationships between them. Neither can be modeled withou referenceto the other. According to
Zaff (1999, “They [affordances] are measurable aspeds of the environment that can orly be
measured in terms of the individual.” Particularly, it is important to understand the action
relevant properties of the environment in terms of values intrinsic to the agent. For example,
Warren (1995 shows that the “climbability” aff ordance of stairsis more dfedively spedfied as
aratio o riser height / leg length (R/L). Experimentally, subjeds of different heights perceived
stairs as climbable depending on their own leg length, as oppcsed to some extrinsicdly
guantified value (e.g., 18inches, 2 fed). A ratio of .88 (R/L) was foundto be the aiticd point
where subjeds, regardiess of height, shifted their estimate from climbable to na climbable.
Other low level affordances for objeds, including ojed height, “sittability”, and “graspability”
have been studied to determine similar body-scded ratios (Warren 1995 Mark 1987 Bingham
and Muchisky 19995.

Additiondlly, dyramic or task spedfic condtions must be onsidered. In his discussons of
walking through apertures, Warren (1995 points out the necessty of these @nsiderations.
Anatomicd measurements of individuals can’'t simply be matched with doa dimensions to
determine gerture “passability.” The ad¢ of walking produces movement that impads one's
ability to passthrougha doar, and acordingly to perceve this affordance It’s likely that other
dynamic fadors such as walking spead would also impad the perception d “passability.”

Gibson was later criticized for groundng hs theory of affordances only on perception and
negleding processes of cogntion. Lakoff (1987 p.21% states that “the Gibsonian environment is
not the kind d world-as-experienced that is nealed in oder to acourt for the fads of
caegorizdion ... hs acount only deds with individud phenomena, na categories of
phenomena.” Norman (1988 investigated affordances of everyday things, such as doas,
telephores, and radios, and argued that they provide strong clues to the operation d such things.
He alapted Lakoff’ s view andrecast aff ordances as the results from the mental interpretation o
things, based on people’s past knowledge and experiences which are gplied to the perception o
these things. Affordances, therefore, play a key role in an experiential view of space (Lakoff
1988 Kuhn 1996 and pace becaise they offer a user-centered perspedive. Similarly,
Rasmus®n and Pejtersen (1995 have pointed ou that modeling the physicd aspeds of the
environment, provides only part of the picture. “ The framework must serve to represent both the
physicd work environment and the ‘situational’ interpretation d this environment by the adors
involved, depending ontheir skill s and values.” (p122. This can be broken into 3 relevant parts,
the mental strategies and cgpabiliti es of the agents, the tasks invalved, and the material properties
of the environment.

Kuhn (1996 applied the theory of affordances in the aea of human-computer interadion to
spatialized user interfaces. Affordances of physicd space a&e being mapped orto abstrad



computational domains through spatial metaphas in order to bring human-computer interadion
closer to people’s experiences with red-world ojeds. Spatial aff ordances were grouped into
four caegories—affordances for (1) an individual user (e.g., move), (2) auser and an individual
entity (e.g., obhedify), (3) auser and multiple antities (e.g., dfferentiate), and (4) groups of users
(e.g.,communicae)—refleding dfferent task situations.

Heft (1996 briefly considered the role of the df ordances of placesin navigational processs. He
argues that places have functional significance for us, e.g., we travel to places to utilize and
engage their affordance posghilities. When considering people’s reolledions of previous
environmental experiences, functionaly meaningful places were the most salient feaures.

4. Agents, Tasks, and Environments

In an aff ordance-based model of place 3 aspeds of affordances must be wnsidered: the agent,
the environment, and the task (Warren 1995. Since the @mncept of placehas to acommodate
subjedive views of individuals, their adivities, as well asthe environment in which they ad, the
definition d a place ca be different for ead individual (Figure 1). Our general modd is as
foll ows:

, e Task Requirements Environment
User’s Capabiliti es = (Affordance Hierarchy)

IR

PlaceDefinition
acordingto the
User, for agiven Task

Figure 1 User and task-scded definition d place

4.1 Environments

We gply Rasmus®n’s (1986 means-end abstradion herarchy as a method d representing the
environment, alongwith an oljed aggregation model. Together they provide atwo dmensional
mechanism to determine aset of passble purposes or functions of some @nfiguration o objeds
such as might exist in a GIS (e.g., locaion and feaure dtributes). Conversely, possble
configurations of physicd objeds that would suit a user’s placeneeds would be derivable from a
set of functional requirements.

The goal is to represent ead level of the astradion wsing metrics intrinsic to the ayent.
Therefore, it is desirable, asin the cae of ‘climbability’, to urcover the relations between agent



and environment at physicd, functional, and intentional levels. (See Dennett (1987 for
discusson d the intentional nature of human agents).

The original abstradionlevels are & foll ows (Rasmussen and Pejtersen 1995:

Functional purpose Purposes and Vaues

Abstrad function Flow of Mass Energy, Information, People, and
Monetary Vaue

Generalized function General Work Activities

Physicd function Spedfic Work processes and Physicd Processes

Physicd form Appeaance Locaion, and Configuration d
Material Objeds

At ead level, there is an important relationship between its two adjacent levels in the hierarchy.
The level abowve suggests the proper or intended function for this level. The level below suggests
how the functions of this level are to be implemented. The hierarchy is purposefully broad to
suggest the full range of representational transformations that can be catured, yet isnot meant to
be @solute. More detail or abstradion may be alded at the end levels or between levels as the
applicationrequires.

Objed aggregation (or whaole-part relations) is anather important asped of modeling dace In
various contexts users require knowledge of whole-part relations. Knowing that a restaurant has a
courter, bodhs, bathrooms, etc. helps the user determine what isto be expeded at a restaurant.
This al ows the user, and shoud likewise dlow aGIS, to reason abou the functional
environment to be foundthere. Additionally, oljed aggregation al ows us to describe objeds

using the same astradion level, while reducing the cmplexity of the model. For example, it
may be useful to describe the physicd form of tables, chairs, wall s, food,and restaurant goers for
aparticular restaurant, but only the locaion and sizewhen considering al the restaurantsin a
city district. Reducing the complexity al ows the user to consider alarger set of restaurants,
withou considering all the detail s. Knowing the set of constituent parts that restaurants have
allows this reduction to occur. Acoording to Rasmussen (1986, thisis “one way of coping with
the cmplexity of thered-life eavironment ... when the span o attentionisincreased” (p. 119.

4.2 Actions/Goals

We offer the following interpretation d the means-end herarchy for a place such as a store or
restaurant:

Purpose: Prosperity of the establi shment, satisfadion o its
customers, profit for owners

Abstrad Function:  Flow of money, income, people (customers and
employees), goods

Generali zed Function: Trade, inventory management, food consumption,
socializing, getting informed



Physicd function: Moving good, eding, sitting, talking, smoking, reading, olserving

Physicd form: Locaion and appeaance of people, furniture, and equipment

Many-to-many mappings can exist between levels and are important for our purpases snce they
indicate oppatunities for multiple interpretations. There is an additional important interadion
between levels. The perception d aff ordances at the lower levels are constrained by aff ordances
at higher levels. If, for example, a person is looking for a table for lunch, he or she would
perceve “gittability” acoording to the arrent task. Therefore, sitting in a smoking sedion may be
the only locaion that aff ords smoking and sitting for a smoker, and unar the aurrent constraints,
the only locaionthat truly aff ords stting.

4.3  Agents (User models)

Modeling an agent’s cgpabiliti es provides knowledge a&ou users that can be used to understand
the adion pdential of the environment, in the same manner as measuring leg length helps us
understand the perception d “climbability” of stairs. As we describe the user’s cogntive
resources and strategies, we ae uncovering intrinsic metrics for higher level affordances of
place

Previous work in user modeling covers a wide range of affordance levels. Some work has
focused onlow level affordances such as image schemata (Lakoff and Johrson 198(. Others
have looked at the scde of space from small-scade to large-scde (Kuipers 1978 Zubin 1989
Downs and Stea 1973, often in sizes relative to the human body. Reseach on wayfinding
(Siegel and White 1975 Passgni 1992 has described the agntive models of large scde space
under the task of wayfinding. This is pertinent since it involves understanding spaceunder the
constraints of a particular task.

Couclélis (1992 aso considers a mntinuum of spaces, augmented with increasingly complex
layers of meaning. Like Tuan, she suggests that many types of spaces (socioeconamic, cultural,
experiential) add experiential and subjedive meaning to abstrad spaces, making better
approximations to the cmmmonly used term ‘placé. Likewise, the aultural variations in human
understanding o spacehave been explored (Campari and Frank 1995 Gould 1995.

4.4  AnExample

These various interpretations allow for user-scded and task-scaded definitions of place Using
some of the examples above, we'll consider some possble links between levels in means-end
hierarchy. For clarity we'll reduce the hierarchy to the 3 immediately relevant levels, referred to
asthe Why, What and How levels by Vicente and Rasmussen (1990. Thoughead level refersto
the same materia world, ead level has more significanceto a particular set of adors in context
of a particular task. We would like to represent eat level in a GIS to suppat dedsions in the
appropriate cntext. These aithors suggest that for a given task, an agent enters the hierarchy at
the What level.



Why To Lunch To Snack

N

What Socidizing News FoodConsumption
How Tak Eat Real Newspaper Observe Others

Figure 2 One possble Why, What, and How level description d a Restaurant

A fina interpretation d the place @ a suitable (or nat suitable) restaurant is determined based on
an agent’s capabiliti es/preferences and current tasks. For example, an individual may consider
eding, socidizing, and getting the latest news to be the 3 essential ingredients for a succesul
lunch at a restaurant. For a quick snadk, socializing may nat be important, and for another
individual of a different culture, socidizing, if important, may entail different types of
interadions, na afforded by some eaing establi shments.

Places sich as towns, offices, or restaurants, can be defined by agents acording to the adivities
which happen there, as we have discussed. Rasmussen and Pejtersen (1995 suggest that these
types of places are “loosely couded” systems. As such the dfordances available rely more
heavily on the intentions and pofiles of the adors involved. That is, other people are an
important part of the functional landscepe for a given ador. Where functional and procedural
norms may be highly dictated by tedhnicd and physica requirements of a system like anuclea
power plant, the desires and intentions of adors grealy impad the socia norms of behavior in
pulic places.

5. An Affordance-Based M odel of Place

As discussd ealier, many damains of inqury have focused on dfining dace It is beyond the
scope of this paper to consider them all, bu we'll focus on several aspeds that would provide
advantages for aGISif properly integrated. We suggest the foll owing 6aspeds of Place

e Physicd fedaures: Places consist of colledions of objeds. Eadch person percaves ome set of
aff ordances for a given small-scde objed (e.g., a aip, a doa hande, or a ®ffee pat) or
colledion d objedsin large-scde space(e.g.,aroom, ahouse, or arestaurant).

e Actions. People perform adions in paces. As we have seen, adions are one of the most
important aspeds that gives meaning to a place Personal adions can credae personal
histories. Personal adions allow users to participate in acceted patterns of behavior, as well



as to personalize the placeby performing individualizing adions. For example: “W henever
I’'m at thismall, | goto store X because | dways found nce and cheg clothes there.”

o Narative: Storiesaretold in arder to help charaderizethe uniquenessof aplace a well asto
define normative/acceptable behavior, by reveding the past adions of others. On a
continuum with a placedefined by an extensive narrative history, is a place defined by a
single event (e.g. Chernobyl, Lockerbeg ThreeMile Island).

e Symbdlic representations/Names: Certain places are referenced by symbadls (e.g., New York
City is often referenced as the “Big Apple”) having symbadic and/or mythicad meanings.
(Entrikin 199). Similarly, the Statue of Liberty isa cmmon symbad for New York, related
toits history as paint of entry for many U.S. immigrants.

e Socioewmnamic and Cultural fadors. People identify themselves with paces
socioeconamicdly. For example, seaports are speda socioeconamic places sncethey aff ord
transportation and trading, therefore, they afford a cetain type of econamic dimate. Ports
neal people to work there (e.g., loading and urioading ships), bu a the same time they
attrad those who are buying and selling good. Similarly, different cultures afford dfferent
behavior in paces. For example, bladc isthe @lor of mourningin the west, whereas in China
it is white. Williams (1981) views culture & a system through which a cetain order is
communicaed and experienced.

e Typdoges: People cdegorize places (see Curry abowve) in arder to understand what is new,
in terms of what is arealy understood. This represents an important mental strategy for
deding with complexity and rew situations (Rasmussn 1986.

Based on ou previous discussons of agents, tasks, and the environment, we offer the foll owing
suggestions for representing the dowve aspeds of placein terms of our aff ordance model. In a
GIS, such representations would then allow us accessimportant feaures of places in suppat of
users placebased queries:

e Physical features are catured by at the lower end o the means-end herarchy. These ae the
aff ordances that have been most thorougHy considered and reseached.

e Actions are diredly represented by the ends-means hierarchy. By defining the relationships
between intentions, functions, and physicd feaures, we uncover which adions are possble,
and which are mnstrained.

e Narrative descriptions (stories telling) establish a historicd record at al levels of the
abstradion herarchy. What a placelooked like, who was there, what they did, and why they
did it. Since gent goals and intentions are more important in loosely couded systems, thisis
an important way behavioral norms are establi shed.

e Symbadlic representations can be seen as an important cognitive alaptation. It all ows users to
represent complex objeds with a simpler (abstrad) representation. Our use of objed
aggregation allows us to perform similar reductions (or augmentations) of complexity.

e Scaioemnamic and cultural factors that influence placedefinition are cnsidered under user
models. Important cultural charaderistics determine what aff ordances are perceived at all
levels of the astradion herarchy. As Rasmussen and Petersen (1995 suggest, the more
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loosely couded aplaceis, the greder the impaa of the agents' values and nams, such as are
represented unckr the term “cultural .”

e Typdogies/Categorizations represent another important cogntive strategy of users
(Rasmussen 1986. Our model of placewould alow for comparisons of places based onthe
means-end herarchy. If two places have very different physicd feaures, and yet provide the
required aff ordances for a given agent and task, then they can be dasdfied as smilar places.

6. Conclusions and Future Work

This paper presented a methoddogy to model places with aff ordances. Affordances are what
objeds offer people to doand, therefore, represent potential user adivities. We suggest that the
integration d places into GIS would lead to a better match with people’s red-world spatial
interadions than do coordinate-based models and, therefore, to a more user-friendly GIS. Our
approach oulines the broad categories of information that must be gathered in order to
succesdully answer placebased queries. The adual work of establishing a useful affordance
hierarchy is formidable. Much work needs to be dore to consider the perceptual aspeds of place
aff ordances, espedally as they need to be mapped into the dedronic domain of GIS. Fortunately,
reseach onaffordances for the suppating concepts of spacein the computer medium has begun.
The etensive work of modeling the interadions between agents, their adions, and
environments, shoud be initiated to provide more understanding o the alvantages and
limitations of the dfordance-based approac.
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