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RESUMO

Atualmente, sdo identificados continuos avancos tecnol dgicos em analises topol 6gicas usadas em sistemas de
informacao geogréfica para transporte. Uma das técnicas de anélise topol 6gica € o plangjamento de rotas, na qual
0 gerenciamento de restri¢cdes deve ser considerado. O objetivo deste artigo € fornecer uma contextualizagdo
tedrica sobre a identificacdo e gerenciamento de restricdes para conhecer o dominio da impedancia
comportamental sob a perspectiva do pedestre. O método da teoria de base foi usado para desenvolver a
taxonomia proposta. Um metamodelo foi usado para (1) definir a estrutura o dominio da estrutura da
impedancia comportamental, (2) dar suporte a coleta de datos comportamentais e (3) verificar o desenho da
arvore taxondmica proposta. A contribuicdo principal deste artigo € a taxonomia da impedancia comportamental
sob a perspectiva do pedestre, a qual devera ser usada para implementar um algoritmo de gerenciamento de
restricdes. Dentro deste contexto, a taxonomia proposta poderia ser usada para modelar mais precisamente as
funcgdes de custo.

ABSTRACT

Nowadays, continuous technological advances are identified in topological analysis techniques used in
geographic information systems for transportation. One of the topological analysis techniquesis route planning,
in which constraint management must be considered. The goal of this paper is to provide a theoretical
contextualization on identification and management of constraints to ascertain the behavioral impedance domain
from the pedestrian perspective. The grounded theory method has been used to develop the proposed theory. A
meta-model was used to (1) define the behavioral impedance domain structure, (2) support behavioral data
collection and (3) verify the design of the proposed taxonomic tree. The main contribution of this article is the
behavioral impedance taxonomy from the pedestrian perspective, which would be used to implement a constraint
management algorithm. Within this context, the proposed taxonomy could be used to model cost functions more
precisely.

1. INTRODUCTION

The interest of researchers for analyzing best routes and shortest paths dlows a continuous
technologicd advance in topologicd andyss techniques (eg. route planning) used in
geographic information systems for transportation (GIS-T). Topologicd andyss techniques
can be applied to different agents such as car, bus, train (underground), aeroplane, boat, etc. In
this way, Route planning condgdering the behaviord condrant management must be
consdered for each agent. Regarding that, the context of the present research focuses on
urban trangportation, giving atention to the pededrian agent. However, an explicit definition
of condraint doman for a pededrian in a urban transportation system is an open gpproach.
Consequently, some questions such as the use of only time and distance criteria for route
sdection, the study of gspatio-tempord accessbility indicators and the study of dynamic
network flow problems should be analyzed regarding a different focus, with which a complete
study on the causes that lead a pedestrian to select his’her route can be carry out.

The intention or desre of traveing entails a spatid separation that is a naturd condraint
regarding urban public trangportation scope. In this way, Morris et al. (1979, p. 94)
commented that “spatid separation may be measured in terms of travel time, distance, cog, or
some combination of these or other characteristics of the trangport system”. The spdtid
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separation from the pededtrian’s pergpective has implications on in the behavioral impedance
(Bl) study that can be used to solve condrant satisfaction problems, and it is the main
approach of the present research.

Severa researchers in the operations research (OR) and atificid intelligence (Al) fieds study
condraint satisfaction problems. Raghunathan (1992) commented that OR modes and Al
systems can be used as techniques to do planning with condraints, and can be integrated to
dlow the management of a wide vaiety of gtuations in an effective manner. Cheng et al.
(1999) commented on Sx gpproaches to increase the efficiency of condraint solving and
discuss the redundant congraints gpproach. Kilby et al. (2000) presented a comparison of
traditiond and condrant-based heurisics methods for vehicle routing problems, and
suggested that “condraint programming can be an effective way of solving routing problems’
(p. 412).

On the other hand, there have been few studies where the congraint domain for a pedestrian
in an urban transportation system was clearly stated. In this context, Ahern (2001) presented a
gmilar sudy on decison-making process where the Theory of Planned Behaviour plays an
important role. Schwartz et al. (1999) andyzed the various methods accorded to four mgor
purposes (i.e. demand edimation, reaive demand potentid, supply qudity andyss and
supporting tools and techniques) to predict pedestrian’s travel demand behavior, which can be
gpplied to land use and indicators of trangportation trip studies. Shriver (1997) argued that the
pedestrian  environment aspects congrain or fecilitate a pededtrian trip. The author aso
commented on the limited andyss of travel disance and criticd aspects of pededtrian
behavior in research on waking.

Although saverd works on condraint issues have been published until now, more dudies
need to be carried out to ascertain the behaviora impedance domain in transportation network
sysems from the pededtrian perspective, which is an open approach yet. The god of this
paper is to provide a theoreticad contextudizatiion on identification and management of
condraints regarding the behaviord impedance doman from the pededtrian’s perspective
within the urban public trangportation context. The theoretical contextudization is based on
the taxonomy proposed from a metamodd used to define the BI domain, and it will be the
foundation for implementing a BI dgorithm. The theoreticd contextudization on the
behavioral impedance domain may lead to better dructuring of cogt functions and dgorithms
used in route planning techniques.

The dructure of the paper is as follows. Section 2 surveys the methodology of the present
sudy where the philosophicd postion and methodologicd dructure of the research are
commented. Section 3 anayzes the main gpproaches on behaviora impedance domain, which
is composed of a metamodel, the proposed taxonomy, and some considerations about the
implications of the present proposal. Section 4 provides the conclusons and points out future
research activities.

2. METHODOLOGICAL ASPECTS

The research on behaviora impedance for route planning techniques is organized in two big
pats. The fird pat is summaized in this aticle, which represents a theoreticd
contextudization and has been badcdly caried out taking into account quditative research
methods. In the second pat, seved implementation activiies will be caried out.
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Consequently, quantitetive methods such as forma methods, mathematicd modding and
laboratory experiments will take place, and hence another methodologicd approach will be
used.

The interpretative gpproach suggested by Chua (1986) was assumed to andyze the scope of
the research problem. Severd authors such as Orlikowski and Baroudi (1991) and Klein and
Myers (1999) comment on the use of the interpretative philosophica perspective in
information systems. Moreover, the research method used in determining of the meta-modd
and taxonomic tree dements of behaviord impedance has been grounded theory (Glaser and
Strauss, 1967; Strauss and Corbin, 1990). The grounded theory method is manly used
because in this part of the research, the am has been to construct a theory on behaviord
impedance domain in order to understand the route sdection phenomenon. For this, the four
macro-processes have been adepted. Figure 1 depicts the reaionships (i.e. chronologicd
organization) among the grounded theory macro-processes. research design, the systematic
data collection and analys's, and the theory generation.

Research design
. ‘\ (D and (2) : Interaction zones
\, Datacollection

r 1
Dataanalysis ‘\

Theory generation

Q 5 — Y —
. Note-taking . Memos

Writing up

Figure 1: Grounded theory macro- processes.

In the first phase, there are badcdly two processes (the definition of the problem and the
initid andyss of specidized literature) which are carried out in order to date the generd
research design (i.e. research scope). In the next phase, data collection, the types of data
defined in the previous phase are collected regarding the sdection criteria The third phase, in
which the theoreticd sampling process takes place, is responshble for the accurate coding,
sorting and andyzing of gathered data Simultaneoudy, in al phases, sub-processes such as
note-taking, memos (i.e. memo-writing) and constant comparison are dso performed to avoid
loosing important data. In the third phase the writing processis started until the fourth phase.

The two intersection zones identified in the Fgure 1 represent the interactions among the
processes. The first intersection zone identified between phase 1 and phase 2 represents the
beginning of daa collection udng the initid andyds of the specidized literaiure as the
darting point. The second intersection zone idertified between phase 2 and phase 3 represents
the normal and accurate data collection and andyss.

This section presents the philosophicad postion (i.e. interpretative gpproach) and the research
method (i.e. grounded theory) used to cary out the acquisition and andyss of the daa
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collection.

3. BEHAVIORAL IMPEDANCE

The term Behaviord impedance (Bl) is used to refer to the condraints universe related to
route planning techniques. In gspite of the fact that most of the agorithms (and techniques)
proposed to solve shortest and best path problems usudly regard the distance and time criteria
as condraints, which are applied to cost function, Bl is proposed to teke into account other
types of criteria such as environmenta or socio-politico-economicd. Recker et al. (2001, p.
339-340) argued that “to extent that travel time is not merely just a surrogate for the actud
economic cogt of trave, the implication is that the time savings can and will be transformed
by the travder into something of intrindc vaue — ostengbly ether in more time spent on
performing activities of economic, or other, vaue, or in increesng the ‘cepture space’ of
dternative locations for such activities'.

Schwartz et al. (1999) commented on the Pedestrian Planning Process manud, which not only
includes default impedance factors for the accesshility, amenities, attractiveness, physicd
comfort, psychologica comfort, information and safety attributes, but aso adjustment factors
for devation changes, traffic crossngs, and crowding. Most of these impedance factors are
consdered in the Bl domain.

Studies on the perceptud and measurable specification of accessbility for transport planning
ae clodly relaed to behaviord impedance doman. According to Morris et al. (1979),
“accessibility may be interpreted as a property of individuas and space which is independent
of actud trip making and which measures the potential or opportunity to travel to selected
activities’ (p. 92). Furthermore, the authors comment on a possible link between accessihility
and behavioral theories composed of three aspects srongly related to the scope of this
research: “firdt, the choice of an appropriate measure of impedance to reflect the perceived
cost of travel; second, assumptions about the perceived choice set of opportunities, and third,
the choice of agppropriate atractiveness variables to reflect the avallability of opportunities a
dedtinations to satisfy the particular wants and desires of travellers’ (p. 94).

The Bl domain has been developed usng a metamodd a a dating point for the
determination of dements of the taxonomy proposed. In this sense, the metamode has
dlowed not only the classfication and decompostion of those dements, but dso the easy
identification of severa congtraints related to Bl approach.

3.1. Meta-M odel

According to Raghunathan (1992, p. 321), a metamodd “is the primary knowledge source
used in identifying appropriate condraints and dependency relaions in a problem”. In this
regard, a meta-modd that represents the Bl domain dructure is presented in Figure 2. This
meta-modd is composed of andyticad and mathematical gpproaches. The andytical gpproach
of the metamodd is used to define the tree of the BI taxonomy, which is presented in Section
3.2. On the other hand, the mathematical approach is used to specify the congtraint vaues that
will be applied to the cost function of route planning module, and it is clearly outsde the

scope of this paper.

As commented in Section 2, the grounded theory method has been used to determine the
meta-model and taxonomic tree elements of behaviord impedance.
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Fird, in order to design the research scope, the study on the behavioral impedance domain
from the pedestrian’s perspective has been defined as the research problem. Furthermore, an
initid anadyds of the literature specidized has been caried out. Research and practica
experiences papers on GIST, trangportation, route planning, accessbility and congrants
have been selected according to the research proposal.

Secondly, data collection has been performed taking into account the sdection criteria defined
in the previous phase. Data were acquired from the specidized literature. In addition, a
questionnaire is being gpplied in order to vdidate the metamodel and the proposed
taxonomy. During data andyss, this metamode has been developed usng a smilar structure
presented by Raghunathan (1992), a lexicographica study supported by WordNet lexical
dictionary developed by Princeton University Cognitive Science Lab (Fellbaum, 1998).

The metamodd has been organized as a hierarcchy, which is composed of four levels
(accurate coding and sorting processes of the grounded theory data andyss phase): Entity,
State, Condition and Congraint. The first level is defined by Entity, which contains a st of
States that are assgned to the second leve. The following leve is defined by Conditions,
which entall in Constraints placed in the fourth level.

ENTITY

contains

STATE

holds

Annlytical approach

CONDITION

entails

E v
g CONSTRAINT

Figure 2: Meta-modd of the Behaviord Impedance Domain

Finaly, the proposed taxonomy adlows darting the writing process, which is the basic process
of theory genedion. In this stage, the andyticd gpproach of the metamodd plays a
fundamenta role in determining the Bl tree dements that are the main focus of the proposed
theory.

The determination of the entities for the Bl domain regards the possble origins of influence
that could produce different solutions in path sdection by the user (i.e. pededtrian). The
following section comments on the taxonomic dructure teking into account dl levels of the
meta-model presented above (see Figure 2).

3.2. Proposed Taxonomy
In this research, the main interest in route planning techniques for urban public trangportation
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from the pedestrian’s perspective is not only to find the shortest path, but dso the bet path
taking into consderation the existing impedance.

The proposed taxonomy consss of (1) some complex structura rules based on behaviord
congtraints of pedestrians;, (2) a correspondence between the representation order from the
metaamodd’s dements and the order observed in the red occurrences, (3) a taxonomy
scheme that avoids arbitrary dements, and (4) some vdidation criteria initidly based on
research findings from the specidized literature.

The imposed resistance is produced by dynamicd and/or detic condraints (e.g. an irregular
land or the interdiction of a road due to any incident) derived from five entities, which are
bascdly related to the environmental, tempora, network, user and socio-politico-economic
aspects. Usng an inductive process as darting point, the five entities, thirteen dates and
thirty-9x conditions have been identified in the andytical goproach during the taxonomy
design (see Figure 3).

Behavioral Impedance Domain
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Figure 3: Taxonomy of behaviord impedance domain.

In the literature, authors such as Morris et al. (1979), Shriver (1997), Ercolano et al. (1997)
and Romer and Sathisan (1997) commented on a wide group of measures (eg. time of day,
mode of travel, measure of attractiveness of opportunities, long distances, climatic conditions,
pedestrian safe-access infrastructure, sdewalk, intersection corner and crosswak) used to
indicate and caculate congraint vaues. These measures are related to path choices, and can
influence the pedestrian behavior. In addition, they can facilitate or condrain the pedestrian
traffic flow, and are dso identified in the present Bl taxonomy.

3.3 Some Congderations

There are saverd rdationships among the entities. Consequently, an Entity can influence or
not the other. For ingance, condraint vaues found in Entity A can have an influence on
Entity B but cannot produce any disurbing action in Entity C. As commented before, the
assignment of vaues to condraints is an implementation tasks and it will be described in the
second part of the present research, where the mathematicd modeing and the implementation
of the cost function will take place.
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During the grounded theory data andyss phase, four assumptions have initidly been
identified in order to guarantee the conggtency of the reationships among the leves (i.e
Entity, State and Condition) of the metamodd’s andyticd approach. These assumptions
are presented as follows:

1. This dudy is badcdly stochadtic. Thus, determinigtic factors such as user’s availability for
professond activities are not dedlt with;

2. The Conditions edablish different influences in the usar’s modus operandi and can be
able to stop the pedestrian trip;

3. A Condition can trigger other Conditions;

4. The scope of the research does not involve psychological andyses, dthough some
psychologica aspects such as comfort, safety and security, are regarded as Conditions of
the proposed taxonomy.

4. CONCLUDING REMARKS

Many sudies on condraint satisfaction are carried out by researchers in OR and Al applied to
trangportation science. However, there have been few studies where the congraint domain for
pedestrian in an urban transportation system is clearly dated. The analyss of the Bl domain is
caried out regarding the analyticd and mathematical approaches. The former approach is the
main focus of this paper and the results can visudly be summarized in the Figure 3, which
depicts the generd taxonomy for behaviord impedance doman from the pedestrian's
perspective. The later approach is clearly outside the scope of this paper and will be presented
after Bl module implementation.

The god of this pgper was to survey a theoretical contextudization on identification and
management of condraints regarding the Bl domain from the pedestrian’s perspective within
the urban public transportation context. Using the present Bl study as a support point for the
topologicad andyses, the trangport system can offer to the pedestrian better aternatives of trip.
More details on this study can befound in Nogueiraet al. (2001).

The proposed taxonomy offers support to the implementation of the Bl agorithm and some
guestions such as “what information is needed to calculate the best route taking into account
pedestrian’s behavioral impedance?’, “how can the behavioral impedance data be used in
order to guarantee more effective route selection?’ or “how can dynamic information systems
for pedestrians be implemented taking into consideration behavioral impedance?’ should be
eadly answered.

The research project where this work is included is composed of sx mgor phases. The first
and second phases are summarized in Pereira and Pérez (2000). As commented before, this
paper reports the partia work of the third phase, which is composed of two parts. The results
of the first part are presented in this paper. Next step, second part, will be mathematicaly to
model each redriction and to implement the behaviora impedance module that will be
respongble for congraint management of a route planning prototype. The fourth (i.e. desgn
and implementation), fifth (i.e. cdibration and vaidation) and sxth (i.e. generdization of the
results) phases are characterized by the application of the prototype regarding the multimodal
network modd for urban public transportation from the pedestrian’ s perspective.
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