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Preface 

This volume contains the papers, presented at the 5th Design and Decision Support 
Systems Conference in Architecture and Urban Planning. There were too many papers to 
include in a single book. We have therefore decided to split the papers into two volumes: 
one about architecture and one about urban planning. It goes without saying that in some 
cases, this decision was very arbitrary as the contents of the paper was highly relevant to 
both fields of application. Except for style and format, we left the papers unchanged. 

Our thanks go to Marlyn Aretz and Mandy van de Sande - van Kasteren, who did a 
marvelous job in organising the conference, jointly with Leo van Veghel, and juggled 
around with the papers to create this nice volume. 

We hope that you will enjoy the conference and often look back in these volumes. 

Eindhoven, August 2000 

Harry Timmermans and Bauke de Vries 
Conference chairs 
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Construction of GIS Application for Methods of Spatial Evaluation in 
Environmental Planning 

ABSTRACT 

Giuseppe Angelini 
Davide Mazzacane 
Francesco Selicato 
Carmelo M. Torre 

Polytechnic ofBari, 
Department of Architecture and Town Planning 

Bari, Italy 

Evaluation is assuming ever greater importance in the context of spatial planning, especially referring 
to environmental issues. Not strictly quantitative data to be frequently used are difficult to incorporate 
in analysis/evaluation methods. Traditional geostatistic and combinatory applications are helpful in the 
construction of environmental indicators (such as ecological and - in part- sustainability indicators), 
only when the quantitative dimension prevails (Batty, 1996). These applications do not enable 
hierarchies of complex values to be obtained, whereas these are typically necessary in the case of 
scaling/ranking of envirorunental values. The search for complex values has become more and more 
important in research on sustainable development, triggered by the criticism of the reductionist 
method, and of the reductionist models used especially during the '70s and '80s. Instead, geographical 
information systems have features that allow them to manage not only massive knowledge bases in 
terms of numbers of data, but also to support the structuring of complex problems. For instance, such 
applications can stem from the integration of GIS routines with algorithms deriving from the 
application of multicriteria methods (Fusco Girard and Nijkamp, 1997). In this paper some· 
considerations are made, starting from the experience gained during a specific case study carried out in 
this field. A prototype geographic information system for environmental planning has been developed 
to manage and monitor the envirorunental risk in an Italian coastal area in the southern part of the 
Adriatic Sea. In this case the GIS essentially supported the application of some multicriteria 
approaches, based on concordance (Roy, 1985) and regime (Hinloopen et al.,1988) methods. These 
approaches are used to build GIS routines, and enable the construction of a geography of complex 
environmental values. 

1 INTRODUCTION 

The new environmental horizons in territorial planning have markedly contributed to 
enlarge the scope of knowledge bases. New and wider-ranging knowledge has become 
necessary: traditional socio-economic and engineering disciplines used mainly to 
analyze the built up areas must be integrated by environmental sciences and historical 
disciplines, in order to understand the intrinsic links within the territorial structure. A 
new connotation of complexity of the cognitive domains has been added to the range 
and structuring of the knowledge base. 



This characteristic of complexity has often been used, at least until the advent of the 
recent technological innovations, as a cover, to emphasise but at the same time hide a 
new set of problems. 

The concept of complexity has been used invasively and acritically to indicate 
utterly different situations, referring to the properties of objects rather than to models 
for representing them, becoming a "justifying character" (Secchi, 1989) and an 
invitation to renounce any attempt to describe, know and understand the territorial 
reality. To respond to the new needs of territorial planning, GIS technologies were 
first applied parallel with the development and spread of environmental planning 
paradigms and methods, since they make it possible to represent - in an explicit and 
systematically controlled fashion - the interactions among the myriad territorial 
components (Maciocco, 1991, 1995; McHarg, 1989, 1997), and have become 
reference structures for organizing the different phases of planning processes (Steiniz, 
1993). The fundamental bases of environmental knowledge make it essential for the 
contributions of different disciplines to be dialogic, thanks to the use of 
interdisciplinary procedures that can lead from the construction of knowledge to its 
synthesis, that is the peculiar characteristic of planning (Besio, 1999). 

Starting from knowledge-structuring in the form of layering of the 
chronologically organized data according to the human ecological planning approach 
(Steiner, 1994), an interpretative model can be built to understand how the territory 
under study developed, what it is now, how it works and how it is evolving (McHarg, 
1997). At this stage, data will be available for queries and the cognitive action can 
generate a non arbitrary "planning interpretation" (Palermo, 1994) which arises from a 
critical reading of the context and its potential evolution (Varela, 1987). In fact, 
feasability analysis enables evaluation of the suitability of possible future land uses, 
while at the same time the environmental factors represented on the electronic layers 
of the territorial map can establish the degree of compatibility of each land use. 

Following an interdisciplinary approach aiming to render all the overall, 
natural and anthropic environmental resources explicit for reciprocal comparisons, 
attention is shifted towards the deep structure of environmental processes and the 
possible forms for representing them to aid understanding of "the quality of the 
differences in their structural significance" (Macioccco, 1991). In terms of the 
reciprocal comparability of the resources, knowledge about the territory tends to take 
on the configuration of environmental planning, in the widest sense of the term 
(Maciocco, 1991). Such structured knowledge becomes in fact a promoting factor for 
planning actions, as it has the power to operatively mould the environment "seen as 
the background and field of action" (Tagliagambe, 1994). This approach can give rise 
to a geography of environmental values, as Maciocco also stated (1989), i.e. a 
geographic representation of environmental value classes, which can provide a 
panorama of the possible scenarios of compatible land use. 

In this scenario, the use of GIS in the spatial planning field seems to be 
essential, even if its role should be redefined parallel with the need to revise the 
traditional expert viewpoint and traditional problem-solving methods based largely on 
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expertise. Now, instead, it is vital to widen this approach to embrace pluralist 
viewpoints and the search for integration of expert knowledge and common 
knowledge. An efficacious knowledge base for use as a springboard for action can no 
longer be founded exclusively on the rational approach, in which expertise plays a 
primary role, but being generated in the context of complex organizations, must also 
incorporate social learning processes (Schon, 1993). Implementation by means of" a 
dialogic mechanism and learning from the environment" (Selicato, Boni, Caiulo, 
1993) is undoubtedly a fundamental component of the new planning systems and 
styles. Besides, even if a common level of knowledge were presumed to exist within a 
sufficiently large set of subjects to be reasonably representative of the community, 
this would not mean that opinions about the planning process would be shared by 
these same subjects whose knowledge model converged. On the contrary, the 
experience gained up to now has tended to stress "the conflictual dimensions of the 
planning process rather than the cooperative ones" (Secondini, 1994). Far from 
reducing the conflicts, these systems will presumably contribute to the emergence of 
new ones and to postponement, as often happens in mediation of this kind, of the 
problem of solving the conflicts to a later stage in the decision-making process. These 
further conflictual dimensions essentially derive from the potential of data 
management systems, whose structures are able to offer a great quantity of possible 
alternatives (Obermeyer, 1994). 

The path to be followed in future experimentation of GIS is in any case 
towards their use as spatial systems to support decision-making, of collaborative type, 
closely integrated within the physical, cultural, social and economic context. 
Past experiences in the field of collaborative planning systems (Shiffer, 1992, 1995) 
have underlined some potential uses of GIS that are particularly promising in the 
search for integration between expert knowledge and common knowledge. The data 
structure can be organized so as to propose alternative possible solutions to given 
problems, or else can be based for multicriteria approaches, to facilitate attainment of 
a shared opinion in conflictual situations like, for instance, the use of the land. In both 
cases, direct involvement of pluralistic viewpoints can be achieved, running through 
all the stages of the decision-making process, from knowledge acquisition and 
structuring to the final definition of the choices. 

Experimentation of collaborative GIS seems nevertheless to bristle with 
problems: some issues are still open and need to be solved. It is necessary to assess 
the degree of efficacy of interaction between a pluralist group of participants mediated 
by technological tools, which may result in limitations of the learning process; true 
accessibility to the systems and their data bases by the community rather than only by 
single individuals should be guaranteed, as the possibility of moulding social change 
requires group rather than single action; the difficulties deriving from the lack of 
technical skills of the users must be overcome; the methodologies for group use of 
the information must be made more efficacious, so that these groups can play a really 
active role in the processes of policy building and control (Monno, Tarantino, 
Tedesco, 1999). 
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Finally, as to the issue of the knowledge that can be stored within GIS, they have been 
observed to be inadequate to incorporate qualitative descriptions and should be 
equipped with hypertexts and multimedia! interfaces to represent the vast sum of 
knowledge consisting of qualitative evaluations, narratives and histories of the 
significance of the sites and their relationship with the community, thus making it 
possible to pose explicit queries whenever this is judged to be necessary. 

2. EVALUATION APPROACHES AS AN INTEGRATED ELEMENT OF 
COLLABORATIVE GIS 

Some evaluation methods of multicriteria type provide important elements responding 
to the needs that have emerged as a consequence of building collaborative GIS. As 
stated above, the components characterizing collaborative GIS include flexibility, ease 
of interface with non expert users, highly modifiable scenarios according to the input 
provided by users, again non experts, and the ability to take into account common 
knowledge about a territory, a site, not featuring environmental values of an objective 
or defmed type but rather of a more subtle, community-based nature. In the same way 
as for evolving collaborative GIS, the drawing up of the new multicriteria systems of 
evaluation has needed to take into account these same elements (Barbanente, 1989, 
Nijkamp et a!., 1989). These systems have passed from very rigid quantitative 
methodologies based on the construction of utility functions for each criterion, 
according to classic economic considerations like the Electre method (Roy, 1985), to 
approaches that attempt to incorporate uncertainty and diversified needs using fuzzy 
logic, individuating the degree of agreement about a choice or a value judgement 
among social groups, as well as incorporating a set of defined criteria and a given 
degree of uncertainty, like the Najade method (Munda, 1995). 

Multicriteria evaluation methods enable alternatives to be ordered according to 
priorities that take into account the concurrence of multiple, dyshomogeneous value 
judgements thanks to pariwise comparison. Recently, this aim has caused some 
planners to crossmatch environmental data according to combinatory methods based 
on such pairwise comparisons, introducing these procedures as routines in information 
systems to build geographies of surnrnative environmental values (Gould and White; 
Maciocco, 1989). 

Once the territory has been defined on the basis of homogeneous spatial 
elements, each of these is attributed a partial value judgement for each criterion 
considered and all the partial values are then combined to obtain the final summative 
value. Nonetheless, the result is extremely deterministic. The criteria are considered 
sufficiently valid to enable virtually absolute, objective evaluations to be made. 
The need to include among the evaluation elements those judgements deriving from 
the degree of recognition of the importance of the resources by the community leads 
to introduction of elements that are difficult to adapt to rigid approaches. The values 
for fragility, and ecological values in general, can in fact be considered "objective". 
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But their objectivity already starts to dissolve into unreality when they are referred to 
landscape type values, esthetics, symbolic type values deriving from cultural 
associations of the resources. These considerations become more and more cogent as 
the interweave of anthropic emergencies and naturalist emergencies tightens. 

A first method for individuating community-based environmental values may 
be that of introducing weighted evaluation criteria into the analysis, attributed on the 
basis of social investigation or other analyses. These presuppose insertion of a new 
knowledge base in the information system, that can define the "profile" of the 
anthropic community living in the area under study. A second method may be that of 
assessing the agreement between multicriteria analyses that determine the 
environmental values on the basis of the "intrinsic" characteristics of the builtup 
environment, and analyses expressing the shared community values. 
A third method may be that of building criteria whose fuzziness is associated with the 
disparity of judgements expressed by the community as regards an environmental 
characteristic in a given site. A last method may be that of deriving the judgements 
about the various criteria directly from sociological investigations, transforming them 
from criteria based on objective comparative rules, to entirely community-based 
values. 

It is clear that passage from the first to the last method will require 
increasingly flexible crossmatclllng of environmental and sociological data and better 
adaptation of the evaluation methodologies to the information system. Once the type 
of approach has been chosen, the decision of what kind of routine to build will follow. 
Obviously, the different methods will have different consequences on the building of 
the knowledge base (Hong Chou, 1996). 

The two examples reported in the following sections of tills work reveal two 
different methods of approach. The first involves construction of a geography of 
values for environmental fragility in a coastline area, which can be associated with an 
analysis of community-based values (Birkin et a!.). The second consists of 
individuating the values according to a community design technique, i.e. by 
individuating the values through sociological analysis, but referring to generally 
accepted criteria in the relative study area as regards degradation categories and the 
quality of life. 

3. THE FIRST CASE STUDY. F AlLURE TO RECOGNIZE THE IMPORTANCE 
OF ENVIRONMENTAL RESOURCES AS RISK FACTORS 

The first application to be described consists of the experimental part of a research 
work involving environmental analysis of the Adriatic coastline in central Apulia, in 
the South of Italy (Figure 1 ). A fully in-depth analysis was conducted for one of the 
boroughs studied (Monopoli), thanks to realization of a dedicated GIS for 
management of environmental safeguard measures (Korte,1997). 
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The first phase consisted of realization of the GIS, and was followed by use of the 
data and software tools available to build a hierarchy of environmental values and thus 
obtain a classification of the territory based on its environmental value. The 
cartographic basis used was the numerical map in dwg format and 1:10,000 scale that 
had been drawn up for the Monopoli Borough Council in 1999. Once the graphic data 
and information associated with those objects regarded as pertinent to the 
presestablished target had been verified, the phase consisting of conversion of the data 
to the information system was set in motion. The data contaned in the numerical map 
were structured by layers. Essentially, object categories (feature classes) were created, 
in which the objects (features) were then inserted. 

Figure 1: The coastal area of Monopoli 

The object categories considered useful for describing the phenomena to be 
investigated in order to classify the territory were the following: 
(1) buildings: a. residential buildings; b. industrial buildings; c. religious buildings; 
d. sports facilities; e. greenhouses (glass or plastic structures used in agriculture to 
create controlled microc1irnatic conditions); f. trulli (ancient drystone buildings with 
a characteristic conical shape); g. huts and mobile buildings; h. other types of 
buildings. 
(2) communicating lines and roads and infrastructures: a. railway lines; b. tarmac 
roads; c. mud lanes and tracks. 
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(3) natural and artificial boundaries: a. limestone walls; b. drystone walls; c. 
supporting walls; d. generic boundaries; e. borough boundaries; f. urban coastline; 
g. extraurban coastline. 
(4) hydrographic structures: a. canals, channels? 
(5) technological networks: b. the aquaduct; c. electrical networks; 
(6) orographic structures: a. level rises (I 0 metres); b. level rises (50 metres); c. 
gulleys (karstic gulfs ranging from a few metres to about 20 metres in depth); 
(7) vegetation: a. woods; b. olive groves; c. vineyards; d. cultivated fields; e. 
undergrowth. 
These 29 categories of objects, directly obtained from interpretation of the numerical 
map, were integrated with the categories attributed to architectonic heritage with a 
particular environmental value. 

Construction of a suitable support file (CadServer) enabled the GIS software to 
"interpret" the objects considered (points, lines, areas) . The CadServer also took into 
account information on the reference system, inserted in the appropriate file . 
Having completed the above operations, the data in the GIS sosftware (GeoMedia) 
could be displayed, creating a link between the Cad data and the program work space 
(Geoworkspace). The information system was then considered to be complete and 
ready to be queried about the potentials and limits resulting from the data structure 
employed. The first results obtained were: 
(i) automatic theme maps (use of land, orography, infrastructures, extent of builtup 
areas, density ofbuiltup areas, typologies of dividing walls); 
(ii) theme maps distinguishing between different size classes of the object studied 
(e.g. olive groves less than I hectare in size, olive grove from I to 5 hectares, etc.); 
(iii) theme maps obtained by suitably combining the different object categories (trulli 
and rises, greenhouses and types of cultivation, etc,.); 
(iv) automatic generation of buffer zones between the infrastructures or 
geomorphological layers (coastline, layers around the electrical networks, buffer 
zones around areas of cultural and environmental heritage); 
(v) queries about the objects contained in all the above; 
(vi) links with other GIS data (from Arcview- survey sections); 
(vii) the possibility of inserting further data in the system (e.g. taken from the PRG 
tables); 
(viii) the possibility of using aerial photos (orthophotos). 
The second phase concentrated on some phenomena belonging to the following 
categories: 
(I) anthropic action exerted as a result of transformation of the land for residential 
building purposes (housing, facilties and services for housing etc.); 
(2) anthropic action exerted as a result of transformation of the land for industrial 
buildin~ purposes (factory complexes, greenhouses, etc.); 
(3) anthropic action exerted as a result of transformation of the land for productive 
purposes (agricultural uses of the land, works to modify the morphology of the terrain, 
etc.); 
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( 4) works on territorial infrastructures. 
Each of these categories was investigated by means of suitable indicators built thanks 
to the GIS software tools used. In this experimental phase, the aim of the research was 
to obtain a classification of the territory on the basis of its environmental value or, 
pairwise, of its environmental fragility, using a series of criteria. To make this 
description clearer, three different actions have been distinguished in the procedure 
adopted: 
(i) definition of the problem; (ii) evaluation; (iii) structuring of the results of the 
evaluation. 

Operatively, the first action consisted of individuation of the useful data 
available for the specific purpose, the second of the choice of techniques to be used to 
process the data and the third of the data processing and display. The actions are 
closely correlated, being linked by action and feedback, so that the simple linear list of 
actions does nor correspond to the complexity involved in putting the whole 
procedure into practice. A discrete grid of the territory was built, consisting of 16,875 
squares each having a surface area of 1 hectare (Figure 2). 

Figure 2: Tbe territorial grid for tbe first evaluation 
Environmental 
values 
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For each square, the program could then calculate the surface quota occupied by 
buildings (distinguishing between building types: residential, industrial, productive 
etc.), by agricultural terrain (distinguishing between the main types of cultivation), by 
areas left largely in a natural state. 
The indicators used in this phase were as follows: 
1. percentage of surface occupied by residential buildings 
2. percentage of surface occupied by industrial buildings 
Environmental and cultural heritage: 
3. percentage of surface occupied by trulli 
4. percentage of surface occupied by restricted buffer zones or prospective buffer 
zones 
5. percentage of surface occupied by buffer zones around gulleys 
6. percentage of surface occupied by buffer zones up to 300 metres from the coastline 
7. percentage of surface occupied by woods or mediterranean undergrowth (natural 
areas) 
8. percentage of surface occupied by olive groves 
Using an automized procedure on an electronic spreadsheet (Microsoft Excel), the 
extreme values (outliers) and the range for each use of the land were calculated and 5 
classes of equal size were then distinguished and, finally, the area datum was 
transformed into an indicator of the membership class (Maciocco, 1988). High 
indicators were attributed to situations indicating high environmental value. The 
results were then combined linearly to a obtain a final datum indicating the "overall" 
environmental value of each square on the grid. 

Two important drawbacks were observed in the procedure as described above. 
First of all, by operating on a simple, linear combination of the results, the reciprocal 
relationships between the indicators, and therefore between the phenomena, cannot be 
identified. In fact, reference could be made only to area and not linear indicators. This 
is due to the impossibility of automizing calculation of the linear density in each 
square. To overcome this difficulty, a priori individuation of the territorial 
microenvironments that could be assigned a "membership class" was carried out, 
together with classification using a multicriteria technique. In the second case study, it 
was thus possible to use linear as well as area type indicators (Figure 3). 
In addition to the indicators listed above, the following were considered: 
9. density of tarmac road coverage and impermeable surfaces 
10. density of limestone walls and landscape elements. 
Pairwise comparison of the environments (with the Electre method) enabled their 
classification. 

The use of quantitative type weights attributed to the different indicators, 
enabling them to be interpreted according to the importance attributed to them by the 
community, was the last step. This routine is easily inserted in comparison 
procedures ofElectre type (Roy, 1985). Thanks to this addition, it is possible to make 
comparisons between criteria attributed objective weights and those attributed weights 
according to value judgements expressed by the community and transformed into 
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Figure 3: The environmental contexts for the second evaluation 
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quantitative weights by means of a Saaty type approach, applying the Analytic 
Hierarchy Process. This routine can also be very easily associated with the system, 
through spreadsheet processing. 

In addition to the potential qualities normally belonging to GIS, that are now 
well known and widely recognized (such as easier, more powerful display than 
vectorial CAD, automatic and dynamic creation of theme maps, ability to carry out 
complex processing of graphic and alphanumeric data using logical operators as well 
as the usual mathematical expressions, valid support to multidisciplinary approaches), 
some further elements are associated in our approach, that derive instead from 
crossmatching the evaluation techniques: 
a. the possibility of carrying out not strictly quantitative processing, including 
evaluations based on marks and value judgements; 
b. great potential in the field of planning policy management at various levels of 
public administration; 
c. the possibility of inserting evaluation elements deriving from crossmatching of 
expert knowledge and common knowledge. 
The tool's potential is such that the territorial adept can shift attention from the tool to 
the method, resulting in clear advantages as regards the results (Korte, 1997). Greater 
quantity and quality of data, refinement of the evaluation criteria, implementation of 
procedures that provide added value to the information provided by some indicators: 

10 



these are only a few of the factors that have been combined to make the environmental 
value classification proposed in this application more reliable, and that open up 
stimulating lines of research. 

4. SECOND CASE STUDY. URBAN QUALITY EVALUATION TO SUPPORT 
PLANNING 

The second case study describes a project for urban renewal of a district (S. Girolamo 
- Fesca) in the suburbs of Bari, a city on the Adriatic Sea in the South of Italy. The 
knowledge base of the project consists of analysis of the urban quality level, measured 
as the value resulting from the combination of a series of indicators, expressing both 
physical-environmental and socio-economic values, attributed different weights 
according to their presumed greater or lesser importance in determining urban quality 
(Figure 4). 

The district under study is one of the most degraded in the city, from both the 
physical-environmental and socio-economic viewpoints. The residential core is 
mainly composed of private and council single-family houses that have developed in 
an extremely dyshomogeneous fashion without any regulating urban plan. 
At the end of the '80s, after decades of total neglect on the part of the council 
administrators and economic operators that had leftS. Girolamo - Fesca in a state of 
abandon, some important urban operations were undertaken that substantially 
modified its appearance. A new council housing complex was built, the 
infrastructures and networks (water supply, sewage, methane gas, street lighting) were 
adapted and completed and some services were provided (a covered market and a 
nursing home for the elderly) and in addition, the "Piano Particolareggiato di 
Rinnovamento Urbano" (Detailed Urban Renewal Plan) was approved. This regarded 
a large part of the district but has up to now produced only a few large renewal works. 
In any case, the quality of the urban environment is still minimal: there are no public 
spaces set aside as meeting grounds, for leisure activities and free time (squares, 
gardens, sports facilities, etc.), many roads have very poor tarmac and lack pavements, 
the school buildings are generally delapidated, there are many empty or abandoned 
spaces and closed, disused factory sites, decorative elements are entirely lacking and 
the sea-front and coast are utterly degraded. 

The present renewal project established a series of works that, partly on the 
basis of the Detailed Plan being carried out, could cause a quality rise in the 
environmental conditions of the district urban space, without distorting its original 
structure. The works proposed, both at the general district and the microenvironmental 
levels (approximately corresponding to each square isolated on the grid) were chosen 
only after analysis and evaluation of those parameters that might affect urban quality, 
together with investigation of the problems, needs, priorities, inadequacies, resources 
and values commonly accepted by the community living in the district. 
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Figure 4: The area interested by the urban renewal plan 

In fact, the first step was to question the citizens living in the district by means of a 
demoscopic investigation, carried out by distributing a questionnaire among the pupils 
of the local lower secondary school, to be filled in by their families. The 
questionnaire probed the inhabitants' expectations, their relationships with the places 
and other inhabitants and their opinions as to which resources had the greatest current 
or potential value, etc. 

At the same time, the parameters considered most useful for assessing the 
urban quality level were individuated, taking into account the data available. Choice 
was made of 28 criteria belonging to four major categories: environment, housing, 
services-infrastructures-public spaces, socio-economic factors. Seven criteria/ 
indicators were assigned to the category "environment": a.) air pollution (this was 
evaluated according to the quality of the air, any presence of sources of electrosmog, 
the noise level, any emanations of unpleasant smells, etc.); b.) pollution of the sea 
water; c.) state of conservation of the natural elements (coast, gulleys, vegetation, 
etc.); d.) percentage of permeable surfaces; e.) any presence of traditional cultivations 
or historical-cultural heritage elements; f.) physical degradation of the urban 
environment (empty spaces, abandoned areas, disused buildings etc.); g.) factors with 
an environmental impact (visual-perceptive barriers, the presence of any large 
industrial plants or infrastructures). Six criteria/indicators were assigned to the 
category "housing": a.) period of construction of the building; b.) any private or 
condominia! garden space; c.) quality of housing standards (connection to the supply 
networks, housing density index, etc.); d.) accessibility of the district services 
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(distance of the residential areas from shops, meeting grounds, schools, churches, bus 
stops etc.) ; e.) housing occupation index (that indirectly expresses both the function of 
the buildings and the level of appreciation of the district); f.) market value of the 
housing units (in comparison with other Bari suburbs), building activity and urban 
policy being carried out (that express the level of attention paid by administrators and 
economic operators). Nine criteria/indicators were assigned to the category "sevices
infrastructures-public space" : a.) networks (supply and level of maintenance of the 
water supply, sewage system and gas methane supply for heating purposes); b.) state 
of the roads (tarmac, road sections, state of the pavements, any trees or decorative 
elements, public lighting, any cycle tracks and pedestrian zones) ; c .) public transport 
services (number of lines, frequency, punctuality); d.) staple commercial activities; 
e.) accessory commercial activities; f.) health service facilities and chemists; g.) 
schools; h.) space and facilities for leisure activities, free time and games; i.) space 
and facilities for cultural activities, religious worship, institutions, associations. Six 
criteria/indicators were selected in the "socio-economic quality" category: a.) level 
of employment; b.) crime level; c.) number of entrepreneurs and self-employed 
professionals (indicating the level of education and the economic conditions of the 
inhabitants); d.) age index (percentage ratio of people over 65 years of age and under 
14); e.) habitation density; f.) interpersonal relationships and number and level of 
membership of clubs, associations, etc .. 

The GIS was used to evaluate the criteria separately section by section, and to 
display the results obtained as theme maps of the distributions of the values, while the 
following were also imported: (i) the vectorial digitalized 1999 map of the city of 
Bari in scale 1 :5000, suitably georeferenced and with the data structured in layers 
according to the importance of the graphic entities; (ii) numerical and geographic 
data, in discrete sections, of the 1991 population and housing census (the most recent 
available). Data processing was then carried out, that yielded some of the chosen 
indicators, as a basis for evaluation and separation of the results into few discrete 
groups, on the basis of the scale ofvalues. 

Some of these criteria, especially those regarding housing and the socio
economic factors, were attributed a discrete value judgement taking the census section 
(the area under study covered 38 census sections) as the area reference unit. To ensure 
greater reliability of the analysis, some of the objective values obtained from the 
census data were mediated by integration of subjective evaluations of the current state 
of the section. 

The positive indicators were given values ranging from +I (poor) to +5 
(excellent), + 3 being the cut-off for minimum acceptability, while negative 
indicators were assigned values ranging from -1 (negligible negativity) to -5 (alarming 
negativity). These value judgements derived directly from analysis of the results of 
the demoscopic investigation. 
As an example of evaluation, for the criterion "accessibility of services" for instance, 
referring to housing, the internal graphic entities representing shopping centres, 
leisure activity sites, sports facilities, social, cultural, religious and institutional 
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Figure 5: The census section 

structures near the district were selected. A query was then posed that yielded a value 
judgement for each census section, the result of a multiple criteria analysis based on a 
scale of values, according to its distance from the said structures, centres etc. Finally, 
analysis of the sensitivity of the criteria was made to determine which were most 
instrumental in determining the urban quality value. 

Bearing in mind that the value scale for each criterion derived from the results 
of the questionnaires, the analysis demonstrated that the socio-economic factors 
(crime level and unemployment) have the highest priority in public opinion; 
community services, better roads, better school buildings, shops and areas for leisure 
activities and sports come slightly lower; the severe degree of degradation of the 
urban quality is widely recognized and there is a strong demand for greater cleanliness 
and care for the natural elements, while it is not considered particularly important to 
restructure the buildings (the state of the housing is evidently considered acceptable). 
These indication were combined with the sensitivity analysis, providing a final 
localisation of the degradation by scale of value, accompanied with the aspects/criteria 
which caused the loss in quality. The last was used to arrange appropriate proposal fi 
intervention which constitutes the project (Figure 6). 

High priority was thus given to those works aiming to improve, where 
possible, the values of the criteria with the highest sensitivity in those 
microenvironments with the most negative value judgements. The planning 
indications were therefore derived, area by area, according to their ability to improve 
these values. 
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Figure 6: The project which takes in account the result of the sensitivity analysis 
(the intervention in black correspond to the area with the low urban quality) 

5 CONCLUDING REMARKS 

The first system, by revealing the relationship between ecological-environmental 
values and the recognition of their value by the community, can be queried to gain a 
better understanding of the difficulties individuated, in the sense of the risks ensuing 
from the fragility of the environment unless the importance of the resources is 
recognized. Failure to recognize these risks is demonstrated in cases of attribution of 
minimum weights to the criteria/categories of socially unappreciated resources. The 
second system probes the issue of socio-environmental degradation, expressed by 
means of substitution of the measured values by those perceived and reported in the 
sociological investigation. Individuation of these values, associated with analysis of 
their sensitivity, provides direct indications as to which problems should be faced as 
priorities when planning renewal work (Longley eta!., 1996). 

The two cases reported underline another problem, i.e. the use of different 
approaches for different evaluation methods. Evaluation of the information system is 
one of the stages during building of the knowledge base but individuates only some 
aspects of system querying. The two examples, in fact, report two different stages of 
querying a new system, the GIS, built with a unique construction methodology, as 
regards the georeferenced vectorial base format and database features . The two 
different evaluation routines can be combined in a single system, as both are based on 
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comparison using logical operators. Their most salient difference is the rules for 
attributing the value classes but these, too, could be incorporated into a single scheme, 
and their integration could in our view be achieved without any difficulty. 
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The research to which this paper refers aims at building a knowledge based DSS able to include 
different fonns of knowledge in order to support decision-making processes in the field of social 
housing policies and practices. The adopted approach consists in: i. thorough investigation on the 
emerging trends in urban rehabilitation policies and practices; ii. knowledge collection and conceptual 
modelling on a social housing neighbourhood affected by building-related problems as well as more 
complex urban and social problems; iii. a preliminary defmition of indicators, to be tackled by the DSS, 
able to deal with such a complexity and to promote more integrated policies for the neighbourhood in 
question. The main result at this stage of research is the proposal of a multi-agent knowledge-based 
system, characterising part of the DSS to be allocated in a territorial agency responsible for social 
housing management. In particular, this is considered as a tool able to favour an effective use of the 
DSS in a decision-making context in which expert and conunon knowledge should strictly interplay in 
order to enhance the contribution of the local conununity to policy-formulation and implementation. 

1 EMERGING TRENDS IN PUBLIC POLICIES AND PRACTICES FOR SOCIAL 
HOUSING IN ITALY 

Over the last decade in Italy public policies and practices for social housing have been 
shifting from a quantitative sectoral approach to more qualitative, selective and 
integrated approaches; from policies essentially aimed at ensuring a sufficient number 
of dwellings for Italian households, based on the supply of new buildings, trying to 
make the offer meet the demand and needs a rising in different areas, to an orientation 
privileging the rehabilitation of existing housing stock and recognising that this 
represents only a part of the multifaceted features of urban quality. 

In particular, in the post-war period the dominant approach to social housing 
was based on different forms of public aid: they ranged from wholly subsidised 
housing financed by the State, built and managed by public agencies (IACP, i.e. 
Autonomous Institute for Low-Income Housing, and Municipalities) to financial 
supports granted to householders willing to buy new dwellings, mainly in the form of 
credit given by the State and distributed by the Regions to householders with special 
requisites (such as low income, large number of components, bad housing conditions) 
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included in special lists, but also in the form of tax relief (for further details, see 
Padovani 1996). 

Starting from the early Nineties, in face of new emerging problems of decline, 
deterioration, and low quality of life in large areas in Italian cities, due not only to 
substandard conditions but to more complex socio-physical reasons, a new philosophy 
in housing intervention has developed, based on the concept of "complex 
programmes". The related new planning tools, which have been defined in various 
ways (integrated programmes, urban rehabilitation programmes, neighbourhood 
contracts) present a number of common features: they focus on residential areas and 
their relations with the whole city rather than on single buildings, they are financed 
through selective nation-wide competition, and they are aimed at integrating different 
forms of intervention, financial support and participant actors. In particular, they 
integrate measures concerning housing with projects regarding facilities and 
infrastructures, different forms of intervention (new building with rehabilitation and 
redevelopment) and functions (housing with shops, businesses and handicrafts). 
Moreover, they integrate public funds with private financing, and actions promoted by 
housing agencies with those carried out by other government and non-profit-making 
organisations. A number of these new planning tools are specifically conceived to 
deal with the complex problem of regenerating social housing neighbourhoods, 
consisting of about 7% of the total Italian housing stock (Ministero dei Lavori 
Pubblici, Comitato per I 'Edilizia Residenziale 1996). 

In spite of this, these approaches are still quantitatively marginal compared to 
previous approaches and practices and supplement rather than replace the old ones. 
But they are important because of the more complex and multidimensional view of 
deteriorated neighbourhoods which they underline, and also for the problem-solving 
strategies they adopt. In fact, they mark a change in the usual ways of financing 
housing policies and are likely to give rise to learning processes within organisations 
and social contexts both in policy-formulation and implementation: in particular, they 
encourage competition between cities to fund programmes, and call for more dynamic 
policy styles at a local level in order to attract inward investments, enhance 
entrepreneurial attitudes of agencies, and promote public-private partnerships, 
following a major planning trend in Europe (Newman and Thornley 1996). 

In this contribution we concentrate our attention on these aspects, leaving 
aside possible criticism on the social and physical effects of these forms of 
intervention, on the evaluation criteria adopted for their selection, on their relation 
with the planning system (these issues are developed in Barbanente et al. 1998). It is 
worth noting, in any case, that in the early experiences of "complex programmes", 
local people played a marginal role in directing investments, and goals and 
interventions appeared mainly aimed at ameliorating the physical environment of the 
neighbourhoods. Moreover, the implementation of physical measures (especially 
infrastructures and building rehabilitation) reached more advanced stages, while the 
delays associated with the implementation of social and economic measures reflect 
the lack of experience of Italian cities in integrated urban regeneration. On the 
contrary, in the most recent experiences, regeneration measures include also the 
improvement of socio-economic conditions of the living communities and their direct 
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involvement in the programmes' implementation, according to approaches 
experimented in some international contexts since the late 1970s (Alterman and Cars 
1991), and assume that only strategies supported by local communities can be 
effective and sustainable, in accordance with recent literature (Hambleton and 
Thomas 1995). 

2 THE LOCAL CONTEXT: PRACTICES AND ACTORS 

In spite of new horizons opened up by policy at a national level, at the local level and 
in particular in the municipality of Bari the formulation of complex programmes has 
not promoted any innovation in local practice. Rehabilitation actions planned in these 
programmes, instead, highlight the constraints of new approaches to urban 
rehabilitation and the difficulties encountered by local administrators to seize the 
opportunities which these have given them for promoting sustainable development of 
the city. The translation of new policy into action requires local practice to develop its 
own cultural approach and respond to particular pressure. If the reframing of policy 
discourse does not touch the most profound levels of policy assumption, the new 
frames will not have any effect on moving from the rhetorical to the real level (Healey 
1999). 

The construction of a coalition of actors has been limited at the local level to a 
public-private partnership which, although important, excludes local communities 
from policy-making. The IACP has only promoted a few experiments aiming at 
sustainable building rehabilitation, based on an integrated approach for facing social 
and environmental decay and on the involvement of inhabitants. These rehabilitation 
processes concerned strategic urban areas or areas in which social decay had become 
an emergency but left problems affecting interstitial decay areas, sometimes localised 
in the core of the cities, unsolved. This is the case of the small neighbourhood named 
Re David where 2000 people live, built at the end of 1950s in a periphery urban area, 
today a central area, in order to give homes to the homeless. It is near to the only 
urban park in the city, to schools and universities, and a paediatric hospital, and 
nearby there are shops and supermarkets. The proximity of the neighbourhood to 
social services, infrastructures, and in general to an adjacent social, economic and 
cultural vitality has not enabled it to avoid physical decay and social exclusion. 

The exclusion of this public settlement from the complex programmes of 
rehabilitation may be explained, on the one hand, by the minor importance of the real 
estate and the smaller number of people compared to other degraded urban realities, 
both in the city and on the outskirts, destined to public-housing settlements built since 
the war; on the other hand to the fact that the neighbourhood is localised in a central 
area and close to public facilities. All this must be associated with the process of 
public-building selling on a national scale which has also involved this small area: the 
IACP has put the flats up for sale at prices lower than the existent real estate market, 
but at the same time high when considering the state of the building and the economic 
possibilities of its inhabitants. 
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When considering the problems of building maintenance and management 
more closely, both the municipality and the IACP, Jacking a comprehensive planning 
frame, due to the limited economic resources destined to these activities, have acted 
only in emergencies, leaving the responsibility of building maintenance to the 
inhabitants, and leaving the more complex issues linked to integrated social and 
environmental rehabilitation unsolved. The management of public areas, a recurrent 
problem in public-housing settlements, has been impossible to solve in this 
neighbourhood because of the institutional conflict between the IACP (the owner of 
the real estate) and the State (the owner of the public areas) which has paralysed any 
action. 

Given the lack of suitable actions regarding the specific environmental and 
social problems affecting the neighbourhood, a network of actors has been created to 
attempt to give a suitable answer to the inhabitants' needs and problems utilising the 
different skills of the actors. A group of citizens who form part of this network have 
tried to solve the most urgent environmental decay problems such as bad sewerage 
and traffic congestion caused by the University close-by. This group, in which there 
are technicians and experts working in different fields such as engineering, Jaw and 
trade-union has, as its main goal, the setting up of feasible solutions to propose to 
local institutions in order to set up a dialogue and desired negotiations. The group 
produced proposals regarding solutions for traffic congestion and the management of 
public areas designing innovative solutions for problems. In particular, in relation to 
the institutional conflict of competence it proposed that the State should transfer 
public areas free to the IACP which would see to sewer repair and maintenance. Even 
if this proposal appeared innovative in opening new paths for an efficient co-operation 
among institutional agencies, the group did not achieve any result. However, it 
proposed a plan to resolve traffic congestion problems which was implemented. This 
group's activities represent bottom-up practices whose aim is to empower the local 
community to give it a chance to take part in the decision-making process. 

2.1 Cognition/decision relationships 
In this complex game characterised by pressures a1mmg at promoting innovative 
approaches to rehabilitation policies, tendencies to use traditional and consolidated 
ways of decision-making at a local level and the emergence of a community 
demanding participation in policy-making, a useful starting point for reflection on 
knowledge structuring and formulation of indicators is what Schon (1983) defines as a 
"design conversation" with the specific problematic situation. Local actors, both those 
working in public administration directly responsible in formulating and 
implementing public-housing management and maintenance-plans, and the 
community who Jives in the neighbourhood, have taken part in this conversation. 

Reflecting on expert and experiential knowledge integration and confrontation 
and on possible ways to collect it represents a pre-condition for the diffusion of 
intelligent support systems which are able to represent and support communication 
and interaction in planning (Khakee et a!. 2000). The first results of knowledge 
acquisition were read in this perspective. 
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Procedural knowledge was obtained mainly from interviews carried out on 
technicians and decision-makers working both in the municipality public-housing 
administrative sector and in the IACP who have played a role in a decision process 
largely based on a direct means/ends relationship. This knowledge concerns 
administrative routines necessary to start building maintenance and management 
actions and plans, the conflictual relationships among different agencies involved in 
public-housing, and constraints due to the structure of the organisations (figure 1). 

Figure 1: Expert knowledge structure 
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From the analysis of the interviews no useful maintenance and management strategies 
were detected for constructing DSS specific modules, despite the experience acquired 
by these actors in public-housing administration. In any case it should be remembered 
that building management has been not faced in order to solve problems which are 
considered more relevant than those related to management. This Jack of knowledge 
on possible management strategies underlines how, when there is little information 
(IACP has not yet constructed an informative system on its patrimony and for this 
reason there is no historical perspective on its activities) experts change indicators 
supporting other inferential schemes or they move these latter schemes in the 
reasoning sphere towards different hierarchical levels (Barbanente et al. 1993). At the 
same time difficulties in getting information from repertories based on acquired 
experience justify reference to aggregate indicators traditionally used in socio
economic analysis. What is considered relevant, is the definition of the indicators 
rather than the process through which the indicators were constructed. 
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Indeed, knowledge produced during the partiCipation actiVIties from the 
community living in the neighbourhood, aimed at the design of possible scenarios and 
based on processes of making sense, necessary to build a shared frame of knowledge, 
reveals profound differences if compared to the previous one. Desire of networks of 
actors to activate project activities, oriented towards the construction of feasible 
alternatives, has sustained the community self-organisation process, promoting 
citizens' participation in activities finalised to the structuring of problems and 
operative paths for acting, thus making it possible to construct a strategic political 
discourse (Healey 1996). 

Figure 2: Community knowledge structure 
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The group activities, led by explorative reasoning, involved different relevant spaces 
for the building of feasible scenarios: building a shared knowledge frame based on 
facts and events; recognition of local constraints and opportunities; selection and 
construction of qualitative and quantitative indicators for describing both the ongoing 
process of social and environmental decay and evaluating local public-housing 
policies efficaciously (figure 2). 

The different cognitive structures outline different ways in using information 
and interpreting policy efficacy. Policy-makers use indicators, elaborated by using 
technical knowledge seen as a means to justify their reliability, as a basis for possible 
interpretation and decisions. From the community's point of view the indicators 
emerge as an unconsidered result of participation activities. Indicators and measures 
of performance have become a key element in the evolution of policy-making aiming 
at the sustainability and the reinvention of new administrative forms. Every 
community and region should develop its own system of indicators based on its own 
context and its own needs (Innes and Booher 1999). 
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The changes occurring in public-housing policies at a national level to face the 
multidimensional features of problems posed by urban rehabilitation associated with 
the bottom-up approach promoted by the local self-organising communities describe 
multi-actor arenas in complex decision-making environments. From the two blocks of 
knowledge it is clear that they both lack relevant elements to help in representing 
complexity. This is a sign of the lack of learning processes and, consequently, of the 
need to promote a dialogue between different cognitive and decisional levels and 
structures in multi-actor arenas. This does not imply that this knowledge must be 
merged in a linear way. 

Moving towards plural decision support systems the use of intelligent 
technologies to support decision-making should be: oriented by the specific context, a 
result of the decision process itself, and at the same time a support not only for 
selection among defined alternatives but also for the production of different possible 
scenarios of action. The system should be able to support different cognitive and 
decisional levels and structures (Borri and Concilio 1999) avoiding a forced linear 
merging of knowledge which would reduce the complexity emerging from interaction. 
Moreover, the differences which have emerged from expert and community 
knowledge stress the need to promote a social learning process which could lead to 
new relevant knowledge in which formal and experiential knowledge establishes a 
transactive dialogue (Friedmann 1987). Thus the DSS must be based on the 
integration of different kinds of knowledge and must also permit and support 
knowledge transaction. 

3 DECISION SUPPORT SYSTEMS FOR PROMOTING INTEGRATED POLICIES 
AND PRACTICES 

The ineffectiveness of conventional rehabilitation policies, still dominant in the 
experimentation context, is largely seen in their sectoral and occasional character, 
their absolute dependence on government and institution investments, their incapacity 
to co-ordinate different financial sources and operational tools, their emphasis on 
short-term results, their inability to create and let people with the capacity to sustain 
neighbourhood quality over a long period remain in their place. This is mainly due to 
their general orientation toward physical rehabilitation, without any consideration for 
the social and economic factors which are the cause of neighbourhood deterioration. 
As we think that a DSS should not replicate current decision behaviours, but also play 
a role in activating learning processes, innovating routine procedures, promoting 
exchanges of ideas on projects and related outputs, thus improving decision-making, 
we decided to build our DSS looking at the innovation currently emerging in housing 
policies, as outlined in paragraph 1. 

We lack examples of DSSs coherent with this innovation. In fact, the decision 
support systems developed so far in the Italian context follow traditional approaches 
(CIDS-CRESME 1994; Canepa et al. 1987; Consorzio regionale tra gli IACP del 
Veneto- Daest 1983): they are meant to predict housing needs and demand, or they 
concern the analysis and monitoring of social housing, their users, and the financial 
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resources available for new buildings and rehabilitation. In both cases, they are 
sectoral, quantitative systems, which privilege information on single dwellings rather 
than neighbourhoods. Moreover, they are based on a linear idea of decision processes, 
in which a single institutional actor has the major responsibility for promoting and 
implementing maintenance, rehabilitation and management. In fact, they consider 
local communities as "users" rather than valuable knowledge resources about local 
environment, enabling factors of the envisaged strategies, and essential elements in 
decision-making and policy-implementation. Accordingly, in the definition of the 
system's structure and purposes, they assume an expert approach rather than an 
experiential, participatory one. 

On the contrary, in the above sketched new policies the active involvement of 
living communities as well as the creation of intergovernmental and public-private 
relationships able to tackle physical, economic and social problems affecting 
deteriorated neighbourhoods, are considered crucial components of the rehabilitation 
strategy. Consequently, these approaches seem to require new forms of decision 
support for housing management and policy-formulation and implementation. The 
shift from a segmented approach to social housing policy to an integrated one both in 
policy-making and implementation; from a linear definition of needs/demand and 
supply to multifaceted, cyclical formulation of problems and related decisions; from 
housing management based on command and control to participatory, empowering 
strategies, implies the need to design DSSs able to deal with such a complexity, and 
which attribute a crucial role to community involvement and to intergovernmental and 
public-private co-ordination. 

In the following paragraph a possible division of roles among relevant actors, 
when designing a multi-agent DSS, is proposed, distinguishing between the 
organisation with the responsibility for decision taking and the other actors involved 
(or to be involved) in the decision-making process. In particular, the envisaged 
dialectic interplay among these multiple actors, to be developed with the help of the 
DSS, should support decisions not only in policy-formulation phases, but also in 
policy-monitoring and evaluation, so that advantage of feedback may be taken and the 
policy adjusted/reformulated accordingly. Such an activity can be developed on the 
basis of performance indicators relating both to traditional quantitative policy outputs 
(such as number of projects approved, amount of funding spent, number of dwellings 
constructed/rehabilitated, jobs created/retained) and to strategy and process indicators. 
The latter indicators may be defined and produced by the decision-makers together 
with the local community and other organisations involved in the programme, and 
should express the number and variety of stakeholders involved, the level of 
community members' participation, their satisfaction/dissatisfaction with individual 
measures, their perceptions about the environmental and social impact of the 
interventions, and the strategies which they envisage. Moreover, as far as 
organisational aspects are concerned, they should indicate the level of co-ordination 
of the programme at hand with other city projects and plans, as well as 
implementation difficulties, conflicts, delays, bureaucratic obstacles and time 
constraints. 
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The area-based nature of the new "complex programmes", and the selective 
character of the competitions which grant their funding, risk excluding wide urban 
areas needing regeneration policies, as has happened for the neighbourhood chosen 
for experimentation. In this light, it seems important that the territorial agency use the 
DSS as a means to promote fairer policies, and enlarge its perspective over the whole 
city, considering the DSS as a first segment of a larger system able to support 
resource co-ordination and building management throughout the city. Moreover, the 
essential characters of "complex programmes" need that both local community and 
public-private organisations to play an active role in policy-formulation and 
implementation. Thus, the DSS should be also able to promote learning processes 
within the territorial agency and, more generally, to support organisation and local 
community capacity building for programme development, monitoring and 
evaluation, thus contributing to constructing new institutional resources for planning 
(Healey 1997). 

4 THE DSS AS A KNOWLEDGE BASED SYSTEM 

Traditionally, DSSs are expert knowledge centred, in the sense that they contain 
relevant domain knowledge to which some decision procedures are applied in order to 
advise decision-makers with the best solution for a given problem. Often, both the 
domain knowledge and decision procedures are elicited from experts through different 
techniques, when possible, integrating the knowledge bases thus obtained with case 
studies, literature, and so on. Thus, knowledge management activity becomes an 
essential task, from acquisition to updating, through modelling, representation, and 
implementation; but it is also time-consuming task without certainly guaranteeing 
reuse, shareability, and interaction of knowledge bases, which are, however, very 
much required by current applications. Usually, knowledge managers in DSSs are 
knowledge engineers who apply different techniques - some times intelligent- at 
different stages of their work, and who inevitably become major actors in the process 
of building a DSS. 

4.1 A brief sketch of recent research efforts 
In order to improve the intelligence of DSSs and the knowledge engineering process, 
many research efforts have been made in the past years and some interesting 
approaches must be considered when facing an intelligent system. In particular, 
object-oriented software, hybrid intelligent systems, multimedia technology, and the 
Internet and World Wide Web development can be seen as significant advancement 
aimed at increasing the intelligence of systems (Devedzic 1999), while ontologies 
seem to be a profitable way of bettering the knowledge engineering process (van 
Heijst et al. 1998), at the same time catering for knowledge sharing. Moreover, the 
complexity of real systems requires complex answers and decision-making 
procedures, often taking into account the co-operation of many actors in the problem 
solving activity. This implies that the intelligent system should have the ability to 
adapt itself to the variable structure of knowledge exchanged among actors, who also 
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express their intentionality and concern (Cardon and Lesage 1998), and should be 
possibly built on intelligent software agents to support co-operative decisions (Bui 
and Lee 1999). 

In the light of these research enhancements, some effective operational tools 
have been set up, mainly concerning the management of process knowledge within an 
organisation, particularly a production organisation. Perhaps, it depends on the drive 
towards competitiveness that characterises these organisations, prevailingly based on 
economic criteria. Nevertheless, some key concepts can constitute a guideline for 
similar considerations in other fields of application, such as in housing maintenance 
and management, which are prerogatives of public organisations; for example 
considering that creative co-operation is crucial for innovation (Ramesh and Tiwana 
1999) and that to create, capture, share, and leverage collective knowledge can 
improve performance (Balasubramanian et al. 1999). In fact, some efforts are being 
made to design intelligent automated tools for solving complex problems related to 
buildings, but they mainly focus on building design activity and its information flow 
(for example, see Baldwin et al. 1998) or the collaborative design environment (for 
example, see Yan-chuen et al. 2000). 

4.2 Some important knowledge issues 
This research scenario stimulated us to refine the DSS architecture we designed for 
maintenance and management of social housing, assuming the case study described 
above. Although the DSS was from the beginning thought as an articulated system 
made by different interactive intelligent modules (Barbanente et al. 1998), its 
implementation proved to be difficult with reference to the main premise of the 
project, which was that of including common knowledge in the system in order to 
allow householders to participate in the decisions making sustainable social housing 
practices and policies. In particular, we faced some important knowledge issues, 
described in the following, that characterise such contexts of action and make it 
considerably different from the organisational contexts in which DSSs are mostly 
implemented. They attracted our attention as essential elements for defining 
appropriate adjustments of the DSS architecture in order to make it be used more 
effectively. 

Following the idea of building a DSS based both on technical-expert and 
common knowledge, we started with the usual phase of knowledge acquisition. We 
used the semi-structured interview technique for eliciting knowledge from experts and 
politicians in the territorial agencies, and from a number of actors in the local 
community, and questionnaires for acquiring knowledge possessed by householders. 
Some interesting differences in approaching the neighbourhood problems and 
emphasising their own roles immediately emerged in the collected knowledge, 
particularly among interviewees (Conte and Monno 1999). 

Thus, it is certainly a multi-actor context where everybody is strongly 
motivated to express his/her personal point of view on decision-making and problem
solving, but the question is how they can really collaborate and create innovative 
solutions together. The main difference compared with other multi-actor contexts, 
such as production organisations, consists in the fact that householders are not part of 
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the organisation, i.e. the territorial agencies, in which the knowledge is used for 
decision-making. Therefore, it is a matter of who has the formal decision power and if 
he/she intends to share it with other actors, rather than a matter of concentrated or 
dispersed but skilled people team-working for the same objective. Moreover, it is a 
matter of a significantly different form of knowledge, the common one, rather than a 
matter of explicit and/or tacit expert knowledge, although they both are aimed at 
problem-solving. 

This induced us to reflect on different forms of participation of householders 
in the decision process of their concern, and we thought of workshops and some other 
activities to be developed in the neighbourhood and from which to collect more 
knowledge, particularly from the weaker actors in the community - children and 
women in our case study - (Conte 1999). We are carrying out these activities within 
research work not commissioned by the territorial agency for which the DSS is 
designed. We are playing a major role as actors in a process of promoting new 
behaviour among householders and organisations, which can evolve towards 
programme proposals to be possibly presented to future nation-wide competitions for 
housing rehabilitation. This kind of activity, which is very time-consuming like the 
more traditional knowledge acquisition, is essential from the point of view of 
reasoning on knowledge collected in multi-actor contexts, and needs negotiation and 
consensus management abilities, promoting the search for a collaborative solution to 
problems. The possibility to share the knowledge base in different contexts depends 
on our ability to distinguish between the procedural components of such activity, 
which can be easily replicated in, and adapted to, a new context, and the components 
closely related to the local context and people. 

4.3 The multi-agent perspective for the DSS implementation 
Since its original configuration, the architecture of our DSS included intelligent 
information systems, data bases, and expert systems as modules devoted to separate 
tasks but all interacting and sharing data, information and knowledge. Moreover, from 
the beginning, the ability of managing also common knowledge was considered a 
distinguishing feature of our system, and the residential satisfaction a main point of its 
effectiveness. This perspective of our work induced us to emphasise an overall 
approach on searching for multiple factors affecting residents' satisfaction, which are 
not only physical but also econornic-socio-psychological, and were used for 
structuring the questionnaire and part of the interviews (a very similar approach was 
recently described in Liu 1999, concerning housing estates). 

When a large amount of knowledge became available after the knowledge 
acquisition phase - which is still in progress, as said above - we had to face the 
problem of knowledge representation, as usual, with the addition of dealing with 
common as well as expert knowledge. While the various kinds of knowledge present a 
large overlapping, concerning physical aspects of the problem in question, they differ 
considerably as regards strategic aspects of the problem, which mainly affect policies. 
As a consequence, the modules of the DSS dealing with the technical aspects of 
maintenance, which are at present under implementation, resulted easier to design 
than the modules of the DSS dealing with the strategic aspects of management, which 
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on the contrary were particularly more difficult concerning ways in which various 
kinds of knowledge can be integrated in order to obtain an effective decision support 
tool. 

But, since our belief that decision-makers can greatly benefit from intelligent 
automated decision support tools is shared all over the world, even in the field of 
building and urban development (for example, see Rosenfeld and Shohet 1999, and 
Feng and Xu 1999), we tried to figure out which kind of software implementation 
could be the most powerful for this problem, allowing at the same time difficulties to 
be overcome. In this light, the multi-agent software seemed to provide a productive 
perspective of work, since it allows introduction of new agents in the decision 
organisations. 

The approach of considering organisations as societies of agents favours 
modelling and simulation activities (Krovi and Lind 1997). Actually, behaviour 
within an organisation stemming from interactions of cognitive abilities of individuals 
is not well defined and modelled by scholars in the field, nor is the contribution of 
different cognitive backgrounds to innovation known. When using a multi-agent 
system, each single agent in the system has separate abilities which define its dynamic 
behaviour, and at the same time the multi-agent system has its own properties, which 
are different from the abilities of its agents although related to them (Brazier et al. 
1998). Thus, introducing software agents into an organisation, each performing a 
specific task, with possibly conflicting goals but co-operating for a global solution, 
can improve the organisation's behaviour in terms of innovation, and be stimulating 
particularly within those organisations where behaviours are traditionally fairly static 
and based on single expertise, as in the territorial agency in question. 

Moreover, software agents can be programmed through different artificial 
intelligence techniques, for example neural networks for learning activities and 
genetic algorithms for causing population evolution over generations, which can 
simulate human behaviours without pre-defined models. In this way, the individual 
human agents in organisations can improve their performance, taking advantage from 
confrontations with intelligent software agents, thus enhancing also the whole 
effectiveness of the organisational action. In fact, confrontation and particularly 
critique and argumentation are essential processes in supporting final decision
making, since human decision-makers usually decide considering pros and cons of 
possible decision choices (Vahidov and Elrod 1999). 

Following these kinds of possibilities offered by software agents, we thought 
we would implement a part of our DSS as a multi-agent system, still knowledge 
centred but capable of managing common knowledge better than traditional 
modelling. Actually, we believe that the common knowledge we elicited can be the 
knowledge base of some intelligent software agents with the task of criticising a 
decision selected by users. Interaction between users and the system should be as 
follows: users question the system about a problem to be evaluated and which 
requires a decision; the information module of the system, continuously fed by data, 
information, and knowledge, answers the users, so they can figure out possible 
decisions to be made, eventually supported by an expert system module, selecting one 
of them. At this point of the process, the multi-agent module of the system considers 
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the selected decision and expresses its critique, arguing it, through an interface which 
makes the contents of multi-agent beliefs understandable to the users. The critique of 
the multiple agents can be either positive or negative or both together; in any case it 
aims at soliciting users to consider different points of view, those of householders as 
well as of experts, in a more involved way by means of a software tool. 

This is the architecture of the system we have actually designed, but 
unfortunately its implementation has not begun yet. Thus, we cannot conclude on the 
effectiveness of this structure of the DSS, especially in terms of shared and 
sustainable solutions, which is a major goal of our research effort. Nevertheless, the 
approach seems promising in the light of experimentation and applications carried out 
by other researchers, although in our work the main difference is that we consider 
common knowledge too as an input of the system, which other works do not consider 
at all. 

5 CONCLUSIONS 

The aim of building a DSS able to deal with the new integrated approaches to 
maintenance and management of social housing needs to take into consideration the 
central role of organisations and local communities in decision-making, both in 
policy-formulation and in policy-implementation, monitoring and evaluation. In the 
present work, in the light of the emerging trends in social housing policies and 
practices, our attention has been drawn to the possibility of building an area-based 
DSS, to be allocated in a territorial agency and to be considered the first segment of a 
larger system able to support resource co-ordination and building management in the 
whole city. 

Knowledge acquisition and modelling on problems and possible strategies for 
housing maintenance and management in the neighbourhood in question highlighted 
that whilst the territorial agencies mainly adopt routine and procedural approaches 
constrained by resource and bureaucratic limitations, the local community shows 
dynamic and long-term views. This confirms our idea that including common 
knowledge in such a DSS is essential to promote learning processes within multi-actor 
organisations and meet the requirements of the new integrated housing policies. In 
particular, among the requisites of the DSS, the following emerged as crucial: to 
favour a dialectic interplay among these multiple actors as a basis for collaborative 
decisions; to link policy-formulation and implementation in decision-making more 
closely; to help users to consider not only quantitative output indicators but also 
qualitative, multi-actor indicators concerning the policy process and strategy in 
policy-monitoring and evaluation phases. 

According to the above conceptual model, the implementation of the DSS for 
our case study drove us to face some major concerns related to knowledge, 
particularly on how to use common as well as expert knowledge, aiming at effectively 
supporting decisions made in the territorial agency. This attracted our attention in 
order to design a DSS able to become an active participant in the decision-making 
process, rather than to offer only light support. Following this aim, we focused on 
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multi-agent systems as possible and feasible software tools which could allow the 
necessary cognitive heterogeneity of the DSS, and possibly determine innovative 
solutions, at the same time respecting the actual decision-making context, which is 
very much multi-actor characterised, even if the formal decision is a prerogative of a 
single decision-maker. 

Through our work we expect to contribute to making the collaboration 
between human and computerised agents more powerful than it has been so far in 
similar applications, and the DSS a tool shareable in different contexts even though 
the knowledge on which it is based is very much context-related. 

6NOTE 

This paper concerns research co-financed by the Italian Ministry of Scientific 
Research and the Polytechnic of Bari, "Evolution of the Concept of City: Coherence 
between the Spatial Representation of Planner and the Spatial Image of the Local 
Population", co-ordinated by G. Maciocco. The local research unit in the Polytechnic 
of Bari is co-ordinated by E. Conte. The paper is the result of a collective work: 
paragraphs I and 3 are by Angela Barbanente, paragraph 2 is by Valeria Monno, 
paragraph 4 is by Emilia Conte. 
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In the last years the scientific and technological interests for electromagnetic pollution grew up with 
regards to both indoor and outdoor sources. The most recent investigations demonstrated a deep 
influence on human body of electromagnetic fields, and especially of those classified as Extremely 
Low Frequency (ELF) electromagnetic fields: they seem to have strong relevance on the induction of 
cancer pathologies in individuals exposed for long time. These evidences, not jet widely accepted, 
require to be taken into account in spatial planning especially with regards to land use and to the risk 
associated with big infrastructures for electricity transport. Current norms defme limitations of minimal 
distances from electrical infrastructures but these norms do not appear suitable for the evaluation of 
risk. The contribution presents a research carried out to build a Decision Support System, integrating a 
GIS with a Decision Matrix module, oriented to the evaluation of risk associated with electromagnetic 
pollution in an urban area. Starting from a brief description of the problem, the paper identifies and 
describes the main variables considered relevant for the problem. Then it presents the general 
architecture of the Decision Support System through the description of three modules: the GIS module, 
oriented to risk regionalisation, the evaluation module oriented to the computation of risk indicators, 
and the Decision Matrix module, devoted to the evaluation of risk. Finally the contribution shows some 
results of the system and discusses main directions for further investigation. 

I ELECTROMAGNETIC POLLUTION 

The development of new technologies often contributes to improve the quality of life 
but, more and more, has to challenge the growing suspicions related to the associated 
risks. In particular, the large number of electrical and electronic devices, spreading 
electromagnetic radiation at different frequencies, creates the problem of 
electromagnetic pollution, which nowadays must be taken into account in spatial 
planning policies (Bevitori, 1998; Carra, 1994). 

In the last years an intense debate has been developed, not only in the 
scientific world, about the danger related to the exposure to Extremely Low 
Frequencies (ELF) electromagnetic fields. According to the definition adopted by the 
World Health Organisation (WHO) and by the International Radiological Protection 
Association (IRP A), the extremely low frequencies are those belonging to the range 
30 - 300 Hz (IRPAIINIRC, 1990). 

The central point of the controversy is the assessment of scientific evidences 
concerning the cancerogenic effects of electromagnetic fields (Ahlborn, 1993) 
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produced by electromagnetic sources in open spaces (electrical lines, repeaters, 
antenna) or by indoor sources (domestic appliances, electrical utilities, etc.). Since the 
latest 60's many epidemiological and in vitro researches have been performed. The 
research outcomes still do not allow a full understanding of biological systems' 
interaction with low frequency electromagnetic fields . Same important results, 
however, appear so relevant to suggest a correlation between electromagnetic fields 
and several pathologies in particular related to human reproductive system, 
pregnancy, and behavioural system (Bennet, 1995). The most warning aspects are 
related to the induction of malignant neoplasm in children living in proximity of high 
tension electrical lines thus making them the most exposed category. 

The alarm on the sanitary risk of electromagnetic waves, launched by 
epidemiological studies, gave rise, in some countries, to protectionist regulations 
aiming at reducing the exposure. Such regulations, however, still do not take into 
account possible relations between ELF electromagnetic fields and cancers, since 
research studies are still at their early stage. Electromagnetic pollution appears a 
crucial point in spatial planning and raises questions concerning scientific research, 
risk perception, community information, and regulation related to the production, the 
distribution and the use of electrical energy. The aim of the study presented in this 
contribution is to explore fundamental problems related to ELF electromagnetic field 
sources and, secondly, to move a first step toward the architecture of a Decision 
Support System for spatial planning in electromagnetic risk environment. 

1.1 ELF electromagnetic risk associated with open spaces sources 
The open spaces ELF electromagnetic sources we refer to are the high-voltage (HV) 
lines, characterised by 50-60 Hz frequencies. These frequencies are the most used, in 
Italy and in Europe, in electrical energy transportation.. Regional, national and 
international safety rules concerning open spaces ELF sources, consider acceptable 
exposure levels also 400 times higher than those resulted dangerous in the most recent 
epidemiological studies. This demonstrates the urgent necessity to produce prevention 
measures. 

The International Community and the WHO proposed the ALARA (As Low As 
Reasonably Achievable) principle as a guide criterion. The exposure is referred to 
three fundamental parameters: the field intensity, the exposure duration and the 
intensity of induced current flowing in the human body.The last parameter seems that 
immediately related to biological consequences but its measurement is extremely 
difficult. Therefore according to a precautionary approach, the most effective 
instrument to manage the electromagnetic pollution risk is certainly represented by 
prevention. This can be carried out by reducing polluting emissions, by employing 
new technological solutions when building new plants, or by planning taking into 
account the environmental compatibility between human activities and 
electromagnetic sources. 

Planning spatial transformation under risk related to electromagnetic pollution 
requires deep knowledge on interactions between electromagnetic fields and human 
physiology, complete information about the dislocation and the features of 
electromagnetic sources in the territory, complete information about human activities 
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geographies, a monitoring activity of current exposure levels and an estimation of 
future ones (Bevitori et al., 1995). 

A particular consideration is needed on the nature of electromagnetic risk. 
Risk is a spatially distributed problem and generally is evaluated in relation with 
different aspects: the source of risk is located or distributed in the spaces; the original 
phenomenon of an accident is spatially distributed; the effects are spatially distributed 
due to the interaction of the original phenomenon and the receiving system affected 
by it. In this sense, risk is generally defined as follows (Renn, 1998): the possibility 
that human action or natural events lead to consequences that have negative impacts 
on human life. Risk is generally valued within probabilistic approach and is explored 
with regards to different dimensions, qualitative and quantitative (Reid, 1999). 

Electromagnet risk is different in nature. Risk is due to the Jack of knowledge 
about the effects of currents induced in human bodies by ELF electromagnetic fields. 
Sudden events can represent further risk elements but electromagnetic influence is 
substantially permanent in proximity of electric utilities. Risk can be therefore 
associated with the probability of contracting neoplasm diseases but this needs a deep 
knowledge of the mechanisms of human body interaction with electromagnetic fields 
and this is still not the case (Bassovit and Verite, 1983; Colomba et al., 1995). 
Electromagnetic risk is not yet associated definable in a probabilistic way thus 
requiring to be computed through several parameters which appear as relevant in the 
interaction o electromagnetic fields and human bodies. 

The complexity of the problem is mainly associated with the number of the 
involved variables and their combinations in terms of risk: how to define the different 
risk classes? how to recognise available data and parameters? how to make effective 
the use of them for spatial planning, urban protection and risk reduction? 

The first step toward the construction of a DSS for spatial planning in 
electromagnetic risk environment has been moved through the implementation of an 
automatic system (essentially an algorithmic one) oriented to the production of risk 
maps. 

1.2 International guidelines and Italian operative regulations. 
Current regulations are fundamentally oriented to reduce the exposure, but despite the 
fact that the reduction of exposure is an appreciable factor of risk control the necessity 
to support spatial planning activity arises with regards to electromagnetic pollution 
sources. 

The study conducted in 1986 by the Study Group 36 of the Conference 
Internationale des Grand Reseau Electriques (CIRGE) (CIRGE, 1980) showed that 
on twenty-one surveyed countries, only few were able to measure the electromagnetic 
pollution and, consequently, only few could check it; only some of these few 
countries had already operative regulations adopting the limits recommended by 
official organisms or by international organisations; the others were oriented to place 
trust in the sense of responsibility of electrical companies. Moreover all the 
regulations referred only to short term effects of the exposure and distinguished 
between the population exposure and that of professionally exposed workers, for 
whom the exposure limits were higher. 
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Two connected study groups, WHO and IRP A, conducted, in the same years of the 
CIRGE survey ( 1984 and 1987), other studies on the subject. These studies 
demonstrated that the limitation of access into areas characterised by electrical field 
intensity lower than 10 KV/m could be not necessary but, due to the insufficient 
acquaintance about risks associated with the exposure to 50 Hz electrical fields with 
an intensity between I and 10 KV/m, they recommended the ALARA principle and 
the reduction of exposure to low frequency electromagnetic fields (50-60Hz) of the 
population. The results of these studies have been adopted as guidelines in the Italian 
normative base: until 1992 the existing laws exclusively concerned technical rules for 
building power lines. 

The first Italian decree, operatively oriented to ELF protection was 
promulgated on April 1992: it defines the limits of exposure to low frequency 
electromagnetic fields in housing conditions and in open spaces and is inspired to the 
IRP A studies. It does not take into account professional exposure in working sites. 
The article n.5 of this decree fixes the precaution distances of housing buildings or 
other activities involving prolonged permanence from high-voltage lines: 

• 10m for 132 KV lines; 

• 18 m for 220 KV lines; 

• 28 m for 380 KV lines. 

Norms concerning the Environmental Impact Assessment (EIA) also have an 
important role in limiting the construction of high tension electrical lines. In 
particular, a law of 1991 imposes the EIA for power lines and a EU resolution or' "')4 
adopted the ALARA principle and stated that "any project of installation a a w 
transport lines has to be submitted to EIA procedure". 

National laws, in some cases, do not satisfy those who believe that it is 
necessary to limit as much as possible the exposure of population and workers to 
electromagnetic fields. This is perhaps the main reason inducing some Italian regions 
to build laws which are more restrictive than the national ones. 

The Veneto region, for example, referring to the outcomes of some 
epidemiological studies finding out a correlation between fields exposure and some 
cancer forms starting from a 0.2 microtesla (!J.T) threshold, suggested to adopt, for the 
380 KV lines, a precaution distance of 150 meters (at least) from houses, srhnnls, 
buildings and other public locations; for lower voltage lines the precaution d b ;e 
should be computed to calculate so that the electric field does not exceed 0.5 KV/m 
and the magnetic one remains within 0.2 !J.T. 

To synthesise, the Veneto region proposes a reduction of the threshold for both 
magnetic field exposure (11500) and electrical field exposure (115), even limiting 
these reductions only to the new lines and excluding the existing ones. 
Despite the objections of Electricity National Company (ENEL) the number of people 
considering inadequate the regulations is growing more and more and the 
precautionary principles is emerge as relevant in particular for the control of exposure 
of kindergartens, schools and other closed or open locations dedicated to children. 
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1.3 Electromagnetic pollution by HV lines 
Power lines present different characteristics of electromagnetic pollution according to 
constructive aspects and to the physical characteristics. With reference to the physical 
structure, in particular, the geometrical structure of pylons and wires are significant. 
The pylons, spacing out wires one from each other, from the ground and from other 
possible objects, present different characteristics in conformity with the voltage, the 
mechanical stress and the employed material. 

The adoption of a particular pylon has immediate effects on the visual impact of the 
line but, with regards to electromagnetic fields spread, the distribution and mutual 
distances of conductors are relevant. 

Due to the relatively standardise structure of supports and wires it is possible 
to figure out the distribution of electrical and magnetic fields along the lines by quite 
simple mathematical algorithms. The results obtained provide theoretical data on 
pollution in perfect accordance with the measurement carried out on the field (Figure 
1). 

In order to simplify the analysis without altering too much the real field levels 
under the high-voltage lines it is supposed that the densities of current induced in 
human bodies are proportional to the intensity of the field itself and therefore strongly 

Figure 1: Electromagnetic fields 

a 

b 

(a electromagnetic field on the ground generated by 380 KV line; b. electromagnetic induction on the 
ground generated by 380 KV line). 
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dependent on the distance of the subject from the power line and, consequently, also 
from its structure (mutual distance of the wires, distortion of the span, distance of 
wires from the ground). The real magnetic fields appear variable along the line axis as 
a consequence of the buckling tendency of the cables thus modifying their distance 
from the ground. 

In the model implemented in the DSS such a variation along the line has been 
disregarded and the field values have been assumed invariable along the line axis. 

2 THE DECISION SUPPORT SYSTEM 

The environmental related to low frequency electromagnetic pollution, originated by 
sources located in open spaces, and to spatial planning, has been studied by the 
implementation of a Geographic Information System prototype oriented to the 
evaluation of the sanitary risk in the metropolitan area ofBari, a city of southern Italy. 
The implemented system allows: 

l. to foresee and control the spread of the electromagnetic waves pollution; 

2. to control the impact of the high voltage power lines; 

3. to identify high risk areas in order to plan possible interventions; 

4. to identify the less suitable areas to install new plants. 

The estimation of dangerous areas on our territory is based essentially on the 
interaction of three modules which constitute the system: 

l. management module - it contains the data base and is divided into two sub-modules 
for the alphanumerical and the graphical data treatment; 

2. evaluation module - it is based on evaluation criterion expressed by indicators 
estimating the single risk factors; 

3. decision module- it sets set up a risk map; the treatment of information is based on 
a series of "if - then" rules structured in a decision matrix which combines the 
criterion with the possible risk categories. 

The system has been implemented by ARCVIEW software. 

2.1 The management module 
The studied area includes all the municipalities in the Bari metropolitan area crossed 
by high-voltage lines. Each census unit, representing the reference spatial unit for the 
evaluation of risk, is cOimected to a database containing demographic and 
geographical information. The access to the information concerning each census unit 
is performed directly by the system through graphical selection. 
The cartographic base is a 1:50.000 map to which data aboutl50 and 380 KV power 
lines are associated including the exact pylon location along the lines with the 
respective numbering and constructive scheme. 
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Data regard the single census units and their identification codes, their municipality, 
their surface, their resident population, and the 0-14 years old population. 

2.2 The evaluation module 
Indicators have been chosen and calculated on the basis of available data and heuristic 
knowledge collected from experts. 
The system, in this module, computes these indicators in order to define the sanitary 
risk associated with the exposure of the population to ELF fields generated by high 
tension line. Starting from the basic data managed in the management module, the 
system works on the following indicators: 

• population density; ratio between total residents in the census unit and the unit 
surface expressed in hectares; 

• children percentage, ratio between the number 0-14 years old children and the 
population resident in the census unit. 

These two indicators have been chosen since most of the studies and surveys show 
that the category under highest risk is exactly that of people living close to high
voltage lines and, among these, mainly the children 0-14 years old. 
Two further indicators are computed in the evaluation module: 

• incidence of the precaution band fixed by the regulations compared to the total 
surface of the census unit; 

• incidence of the larger precaution band suggested by the Veneto regulation 
compared to the total surface of the census unit. 

Figure 2: Precaution bands comparison 
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The precaution band (50 Mt. for 150 KV lines, 100 Mt. for 380 KV lines), has been 
extended in order to obtain negligible exposures to the magnetic field, i.e. inferior to 
0.2-0.5 J.LT; above these threshold values the epidemiological studies show a growth in 
sanitary risk (Figure 2). 

2.3 The decision module 
Indicators are computed for each census unit and then combined on the basis of "if
then" rules, in order to obtain a single value related to the risk level. Risk is 
subdivided into three classes (low, medium, high). Shortly, it works through the 
composition of Decision Matrixes, by which census units are classified according to 
risk categories. 

The decision matrix implemented in the prototype is based on a three valued 
scale of population density (low, medium, high) as well as a three valued scale of 
children percentage (low, medium, high) and is structured as in the following Table 1. 

Table 1: The decision matrix 

I 
RISK LEVEL 

0/oOF POPULATION DE¥ITY 
CHILDREN 

Low Mediumj High 

PRECAunON BAND INCIDENCE PRECAunON BANJ' INCIDENCE PllECAunON BAND INCIDENCE 
Low Low .,.,wn lligh Low McqNm H>gll Low Me<!oum High 

I I I I I I 
PRECAUnON BAND INCIDENCE PRECAUnON BAND INCIDENCE PRECAunON BAND INCIDENCE 

Medium Low .,.,um High Low Mediwn High Low Medium High 

I I 
PRECAunON BAND INCIDENCE PRECAunON BAND INCIDENCE PRECAUnQN BAND INCIDENCE 

High low Medium High Low Mcdiwn lligh Low Mediwn High 

L 

The decision matrix in the system has the particular task to classify each census unit 
in term of risk level and enables the regionalisation of risk in the area under study. In 
particular, the system distinguishes current from potential risk: the current one is 
referred to conditions (related to the resident population and to electromagnetic 
pollution) determining an existing risk, i.e. a considerable exposure of the subjects to 
high field; the potential risk, differently, refers to features for which a resident 
population or electronic pollution sources variation could determine dangerous 
exposure conditions. The insertion of two different precaution bands enables a 
comparison between the two risk categories. The outcomes of the decision matrix are 
visualised in the following Figures 3, 4, 5, and 6. 
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Figure 3: Risk map referred to prescriptive precaution band 
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Figure 4: Risk map referred to proposed precaution band 
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Figure 5: Potential risk map referred to prescriptive precaution band 
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Figure 6: Potential risk map referred to proposed precaution band 
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3 CONCLUSIONS 

The present notes represent the synthesis of a preliminary survey on the risk 
associated with the presence of electromagnetic field sources in open spaces. It 
represents a first step toward an in-depth analysis of the issue, since only high voltage 
industrial frequency lines have been considered. Certainly a possible subsequent 
direction for the research could that of integrating the study considering all the 
electromagnetic field sources on the territory, such as repeaters, aerials and also low 
and medium voltage lines, in order to obtain a wider vision of the problem which 
recently has been indicated by the WHO as the calamity of2000 years. 

The implemented system, finally, even based on simple algorithmic formula, 
allows the display of current and potential risks resulting from the location of an high 
voltage network on the Bari metropolitan area and represent a preliminary prototype 
for a decision support system for risk assessment aiming at spatial planning in 
electromagnetic risk environment. 

Further explorations are required: first of all it will be necessary to integrate 
the system with patterns related to other electromagnetic polluting sources and to 
consequent fields. A second exploration direction is that taking into account that 
planning in electromagnetic risk conditions implies, for the remarkable complexity of 
the associated questions, a strategic orientation widely characterised by concerted and 
collaborative action among the authorities responsible for territory protection and the 
administrator of the installations considered as electromagnetic pollution sources. 
Subsequently, it will be possible to create and implement an heuristic module aiming 
at support the interaction among spatial planning, administration, distribution, and 
telecommunication authorities, which represent the relevant actors in the management 
of most of polluting infrastructures, in the prevention action, and in the development 
of strategic policies. 

Another direction of investigation can be that of representing the real nature of 
pollution due to electromagnetic risk peculiar nature. As discussed above, the risk 
associated with electromagnetic field is characterised by a large lack of knowledge of 
real interdependency between electromagnetic fields and human bodies. Risk, in ELF 
pollution, is not associated with sudden events characterised by a certain level of 
probability but it is related to possible negative effects of the currents which are surely 
induced in human bodies by electromagnetic fields. Risk is needs therefore to he 
characterised in this sense and requires strong and deep information of communities 
living close to ELF fields sources. In this sense GISs, integrated with simulation 
models, expert systems, and decision support tools, represent efficient means for risk 
communication (Fedra, 1998) and need to be considered especially in terms of their 
potentials in representing the not-probabilistic dimension of electromagnetic risk. 
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The use of cognitive mapping as a support to decision fmds a wide field of application (Eden and 
Simpson, 1989). This paper refers to an experience which has been carried out in Naples, in the 
occasion of a research aiming at the development of bottom-up approaches to construct hypothesis of 
requalification for a distressed urban periphery. This kind of experimentation has been helpful to 
investigate about the use of participative approaches in the construction of the Local Agenda 21 . In 
fact, the ICLEI guidelines for Local agenda 21 suggests to build a Forum as a "participative place", 
where to exchange information, to discuss about common objectives and to fmd common needs for 
realising a sustainable urban development. When considering the Forum as a decisional instrument, the 
need of constructing shared scenarios rises to the fore. Starting from a series of interviews to local 
operators and citizens, a set of cognitive maps has been used to draw an alternative scenario for the 
urban requalification, to be compared with the institutional one. After the scenario construction (by the 
use of a software for cognitive mapping), the same scenario has been analysed by a multicriteria! 
approach, that is the use of Najade fuzzy multicriteria analysis (Munda, 1995). The relevance of this 
application is in the usefulness of the used approach in explicating the local community needs and the 
point of view of different stakeholders which has not been considered in the institutional scenario 
(Funtowicz et a!., 1998). Other relevant aspects refer to the transposition of bottom-up scenario in form 
of urban design, which need to join the expert knowledge with the common knowledge. Finally, the 
experience shows that some relevant aspects of the community point of view can rise to the fore by the 
use of appropriate decision support methods, and how the same aspects can be integrated in urban 
requalification and development plans. The paper is the result of a joint work. M Cerreta wrote 
paragraphs I, 2, 3 and 4; C. Torre wrote paragraphs 5 and 6. 

1 THE GUIDELINES OF A SUSTAINABLE LOCAL ACTION FOR URBAN 
RENEWAL 

The conditions of human settlements depend on the capacity of all levels of 
government to reflect the priorities of community, to encourage and guide local 
development and forge partnerships between the private, public, voluntary and 
community sectors. 
The rehabilitation of large parts of cities and peripheries is consequently related to the 
need of involving residents in bottom-up processes. Our contemporary physical space 
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is loosing is medial function, and consequently the need to built new moment of 
social aggregation rises to the fore: public spaces change or lose their social function, 
private spaces are "armoured" (Amendola, 1997); traditional ways of aggregation find 
difficult to be effective, voluntary activities find difficult to face the increasing 
diversification of community needs. This means as well that cities are far from urban 
models of sustainability. 

The involvement of communities becomes the way for residents to re-own 
their spaces, and to support the process of rehabilitation. This support is fundamental 
to make the urban renewal more effective. To involve residents the identification of 
common objectives is necessary. It is necessary as well to build a priority of values. 
The recognition of a priority of values depends on the identification of the willingness 
of transformation of an urban system. Therefore "thinking about values" becomes 
significant (Keeney, 1992). 

The concept of value assumes a complex multidimensional significance. 
Human beings give at the same time non instrumental and instrumental values to the 
socio-ecological environment; in a dynamic vision they care to ensure to future 
generations the same possibility of choice for environmental transformation that they 
have, and consequently they construct a system of "complex social values". 
Moreover, a sustainable urban development will not be achieved unless human 
settlements in urban areas are made economically efficient, socially equitable and 
environmentally sound, with full respect for cultural, religious and natural heritage 
and diversity. 

In order to obtain a sustainable development, stable models of public-private 
relationships can be replaced by the partnership between institutional bodies and 
voluntary associations, to create social enterprises, which constitute the "third sector". 
Sustainability implies the search for a positive balance among the four economic 
systems constituted by natural economy, social economy, public and private economy 
(Fusco Girard and Nijkamp, 1997). These forms of economy interact each other, and 
one of the relevant effect is that they draw the shape of the city. 
In this context the practices of implementation of Local Agenda 21 constitute a main 
reference point. 

These processes have a significant issue on the local level, where the 
characters of sustainable development are largely defmed from the local point of view 
through decentralisation and creation of supportive legal, institutional, policy and 
fiscal frameworks (UNCHS, 1998) 

In order to encourage and support participation it is important to facilitate and 
protect the creation of independent non-governmental and community organisations 
and to establish regular consultative mechanisms for involving civil society in 
decision-making. 

In fact, the ICLEI (1994) Guidelines for implementing Local agenda 21 
suggests to build a Forum as a "participative place" to exchange information, to 
discuss about common objectives and to find common needs for realising a 
sustainable urban development. When considering the Forum as a decisional 
instrument, the need of constructing shared scenarios rises to the fore. In fact, the 
debate inside the Forum can be regarding to the future of the city/quarter, about the 
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possible solution. If a institutional solution is still existing, the debate can be about the 
agreement on this solution and on the prospected scenario. 

2 THE ROLE OF EVALUATION IN SUSTAINABLE URBAN RENEWAL 

In a context of diversity and complexity, like the above described, the debate about 
possible future scenarios of development is itself various and complex. It is important 
to focus on and to understand the degree of agreement about questions and possible 
solutions. Speaking about a community of residents does not mean speaking about an 
homogeneous social group; it means maybe speaking about different individuals and 
different social groups which have different interests and vision of life, but which, in 
the common context, share the benefit/cost of increasing/decreasing quality of life. In 
the short run usually they conflict each others. In the long run it is difficult to identify 
common objectives. The role of evalutative methods can be, therefore, the support of 
more shared future vision of life, starting from the assessment of solution of current 
problems, taking in account the different current needs. 

Therefore evaluation has to be "multicriteria!", in order to take in account 
different options which imply impacts on different sectors and, at the same time, be 
"participative", in order to involve people in the decision-making process. It is 
possible to describe a multicriteria! evaluation as an integrated assessment in a 
structured process that is able to deal with complex issues, using knowledge 
belonging to different fields. In the elaboration of integrated and participative 
assessments, the evaluation constitutes again a tool that is used increasingly not only 
for deducing priorities, but also for verifying obtained results, taking into account at 
the same time several points of view. As such, it is a means of dialogue and 
communication aimed at the construction of consensus. It means as well that 
evaluation has to take in account both the expert knowledge and the common 
knowledge. 

3 COMMUNITY BASED DESIGN: THE EXPERIMENT OF "SCAMPIA" 

Following the guidelines of Local Agenda 21 an integrated approach has been 
experimented in the city of Naples, Italy, in order to understand the agreement of 
social groups inside a community about the process of urban renewal. 
The "laboratory" for the experimentation is Scampia (Figure I), one of the biggest 
urban periphery in the south of Italy, where the main need of physical requalification 
crosses the need of social revitalisation of physical spaces. 

The quarter can be roughly defined as a dormitory for fifty thousands 
inhabitants where unemployment rate is dramatically high and the avalilability of 
endogenous economic resources is seriously scarce. Employed residents found usually 
their jobs outside the quarter, in other parts of the city or in other cities. The spread 
presence of organised criminality and micro-criminality is the main cause of the lack 
of productive and commercial activities in the quarter. This lack is frequently 

51 



accompanied by a "hidden economy'', based on informal and illegal networks 
(Wilson, 1996). The presence of young people is the most relevant in the city of 
Naples and the educational level is the lowest. The few relevant formal activities in 
the quarter are manufacturing, construction market, and transport sector. In front of 
these activities the main infonnal are networks of small commerce and pedlary 
(OECD, 1998). 

Until now, Scampia (better known as Secondigliano 167 Area) remains a 
symbolic reality which represents a nowhere-land, which represents as well the 
contradiction of idea of city, and at the same time expression of social fragmentation 
and insulation. Scampia in fact is characterised by absences: absence of identity, 
absence of sociality in public and private spaces, as already affinned, and absence of 
endogenous opportunities of work. The quarter is physically made by insulae, which 
have separated life without any kind of integration. The quarter is characterised by the 
presence of many voluntary associations which constitutes a "Forum". The Agenda 21 
considers the Forum as a structure that is capable of supporting, with infonnation and 
initiatives, the definition of sustainable strategies and the creation of new community 
sense. The action of the Forum should be carried out through measures that have been 
provided for monitoring the process, involving citizens in debates and increasing the 
knowledge of mechanisms of regeneration project, human promotion and 
environmental protection. 

In the occasion of the urban renewal plan, a proposal for a public-private re
qualification and development programme named by Italian Legislation "Contratto di 
quartiere" (Contract for the Quarter) has been set up for the rehabilitation of the 
quarter and has been supported by forum representatives. This kind of development 
programme provides to fund experimental interventions in quarters that are 
characterised by spread urban degradation and lack of services, in context with scarce 
social cohesion and scarce quality of settlements. 

The renewal actions are finalised to the requalification of characters and social 
functions of the built environment, in terms of human promotion, socioeconomic 
integration and environmental preservation. These tasks should be obtained by 
increasing services, green areas system, facilities, and by improving at the same time 
the quality of residential and environmental standards. 

As regards the qualification of urban spaces, a initial hypothesis is that some 
important causes of environmental degradation of modem peripheries can be 
identified in the lack or the absence of relational roles of public spaces. A main 
objective is, therefore, the improvement of relational ability in the urban morphology. 
The main operative task of the renewal plan is to make the transformation of Scampia 
in a quarter complete, by creating the vision of a complex urban structure, which 
relates to the external. Some degraded buildings are destined to demolition inside the 
area: the so-called Vele, a negative symbol of decay, inside of which about some 
thousands of people are living at the moment. The residents of Vele will be replaced 
again in Scampia, in a thousand of new dwellings. This improvement of dwelling 
conditions will be accompanied by a co-ordinated programme aiming at the social 
revitalisation, which should be obtained by inserting new urban functions, and by 
private and public synergies. 
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Figure 1: The map of Scampia. Notice tbe centrality of the Park and of the 
buildings named 'Vele' 

The absence of identity rises again to the fore when we observe the non-use of the 
Park, which is the second - after the Vele - most important and famous place of the 
quarter. The Park seems to be insulated inside the quarter, which is as well insulated 
inside the city (Figure 2). 

In this specific case, the Forum of associations represents a privileged 
interlocutor respect to municipality, but shows serious difficulty to realise an action 
that can be visible inside the quarter. The Forum, together with researchers, 
intellectuals and representatives of public institution evidenced the necessity of a wide 
range action, which should be represented by the renewal plan. All hypotheses of 
development should be at the same time egalitarian, helpful to reduce the social 
exclusion of Scampia from the rest of the city and economically effective in using 
available resources, coherently with sustainable practices which are reminded in Local 
Agenda 21 (ICLEI, 1994). 

The need to design a space that would be helpful to play its medial role rises to 
the fore, showing the necessity to provide a physical reference for the creation of 

53 



shared places which have their own identity and which can be used to build network 
and tissues which are until now absent. 

A process that consents the transformation of space in place by community 
design, is based on the possibility to recognise identities and differences inside 
complex spaces. Identities and differences can be considered both in simply physical 
terms which refer to architectural rules, both in terms of non decodified relationships 
between community and places, for which the cultural representation of the city plays 
an important role, as the place for the community to identify itself. 

The first phase of our experimentation is an analysis of this mechanism of 
recognition. Recognition mechanisms are referring at least at two different 
dimensions. The first one relates to the daily life and use, to the immediate and 
frequent relationships, which are located in "public spaces": this is the dimension of 
"small spaces"(Friedman, 1998), which is based on a strong sense of ownership, 
memory and on a direct consciousness of places. The second is the dimension of 
community made by communities, which can be intended as system of social 
relationships at the urban scale. This dimension refers to great urban spaces, to non 
frequent relationships, which can be built not only in physical terms; it refers also to 
the sense of city as place where it is possible a recognition by virtual or indirect 
communications. 

In the case of Scampia, the great spaces are represented negatively by the 
derelict Park, the degraded "Vele", which are recognisable inside the community; 
small places are the tools and services of the residential spaces, which are contained, 
surrounded and "secure". The conflict between the positive perception of private 
spaces and the negative perception of the decay of public spaces rises to the fore. 

Figure 2: Scampia: 'Vele' buildings seen from the Park 
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4 METHODOLOGICAL ISSUES: ANALYSING THE CONTEXT 

The evaluation process is divided in a series of articulated phases, each one 
corresponding to a detailed aspect to be analysed: 
i) the individuation of problems; 
ii) the individuation of involved actors in transformation which are in progress or 

which are possible in the quarter; 
iii) the individuation of possible scenarios of intervention 
iv) the individuation of criteria for evaluating the different alternatives of 

intervention 

4.1 Focus group 
Initially it has realised that a important difficulty is the possibility of constructing a 
knowledge of the problematic context which could be based not only on stereotypes. 
Several sociological studies on the area found difficulty to overcome these 
stereotypes, drawing negative and pessimistic images of a degraded periphery These 
images identify a negative reality without indicating any potential solution of 
improvement which can start from endogenous processes which can refer, for 
instance, to the creation of "place for work", as social symbols. 

A focus group, composed by operators, researchers and inhabitants has been 
created. During the weekly meetings of the focus group operators and researchers in 
fact can develop a deeper consciousness of problems, places and behaviours in the 
quarter. At the same time inhabitants can have new interpretative keys of phenomena 
that they considered already defmed in their memory, in a "double ring" approach 
(ShOn and Argyris, 1976), where the initial point of view of members of the group is 
modified by the exchange and the conununication 

4.2 Perceptual maps 
The perceptual maps have been used to obtain the references/identities and the 
corresponding attribution of "value", as people form images of places and how these 
images influence many decisions. These images of the district define the basic 
elements of the urban landscape and mark the preferences for things at a human scale. 
They express an invisible, mental topography of psychic stress in Scampia 
neighborhood. 

The question of measuring the social space, which has a degree of familiarity 
for the inhabitants, is an appropriate concept to discover the link between the social 
space and the physical space (Gould and White, 1992). If we consider that used 
spaces should be recognisable, it is interesting to try to associate the perception of 
places to their importance for inhabitants. 
Starting from this point of view the potential users are not simply those people that 
need a resource, but those users that really perceive that resources to be used and that 
provide the same resources by a meaning. 
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4.3 Institutional analysis 
The first analysis of the perception of physical spaces and social relationships has 
been integrated by a first evaluative phase on the relationship between the problem of 
work and the perception that inhabitants have about possible answers to the question 
of requalification. This phase refers to the process which Funtowicz eta!. (1997) call 
Institutional Analysis. Inside a the construction of knowledge about the context, the 
Institutional Analysis represents the analysis of the co-evolutionary process which 
involves different involved groups, included institutional bodies, operators and 
residents. At the end it is possible to trace a history of the quarter and the role of the 
different stakeholders and social groups. 

The different dimensions of value can conflict with each other and within 
themselves, and any social decision will distribute different goods and bads across 
different groups in both spatial and temporal dimensions (O'Connor et al., 1996). As 
regards the identification of social groups they result to be the followings: 
a) Residents ofVele buildings. This group had an important role in the history of the 

quarter after they invaded the Vele Buildings to live inside. In fact they 
represented for a long time the group which promoted more initiatives about the 
quality of dwellings and the quality of life inside the quarter. Now most of them 
will be moved in new dwelling and therefore their role is declining. 

b) Residents of new popular dwellings. They represent the proletarian class; their 
main problem is the improvement of their working conditions. 

c) Middle class residents. This is the most represented group of residents inside the 
local institution, which is the local council; they promote as well the activity of 
community based associations, trying to improve their quality oflife and to extend 
their life model to the rest of the quarter. 

d) Residents of old popular buildings. They have a life style which is close to the 
residents of new popular dwelling. But they feel in some way a distant question 
the liveability of the quarter, living in a sort of insulation. 

e) Residents of the ancient part of the quarter. They are quite close to the above ones. 
The main problem is the crime rate, which is quite high, if compared to other parts 
of the quarter. 

f) Local Council. The members of the Local Council are in touch with the local 
reality, but have some difficulty to represent the quarter as interface towards the 
Municipality. 

g) University. It is involved because of the possible re-use of "Vele" Buildings, 
which can be destined to the faculty of Agronomics and to the school of 
Biotechnology. The Academic Body shows some difficulty in accepting this 
solution. 

h) Community based association. In a quarter of Fifty Thousands hinabitants they 
collect about two thousands of people, most of which are belonging to the middle 
class. There is consequently a basic weakness of the role of this association, which 
are not able to dialogue with institutions, and which are often conflicting in 
sharing the few economic resources provided by the local community. 

i) Church. The Church plays a dichotomic role. Some of the religious institutions 
seem to be elitarian and distant to the quarter. Other, especially some priests 
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which live inside the quarter, are main promoters of social initiatives. Like for the 
politic institutions a conflict between the local and central religious institutions 
rises to the fore. 

j) Police. The local Police authority has to deal with the worst reality in the city. 
Scampi a is the most degraded part of the city in terms of crime rate. They operate 
alone and usually without the support of the community. For somebody the local 
policy is corrupted and weak in front of organised crime. 

k) Municipality. The Municipality has been until now the main decision-maker for 
the future of the quarter. The main physical change in the quarter is due to the 
renewal plan provided to the Municipality. The point of weakness is the lack of 
effectiveness in accompanying the physical change with the social ones. This lack 
is maybe due to the distance between the Municipality and the local context. 

In this phase a questionnaire about the degradation of the quarter has been submitted 
to residents. The questionnaire has been characterized by pre-structured questions 
about three fundamental themes: 
- the inhabitants life-style; 
- the references (institutional, human, social, physical, etc.); 
- the resources (economic, human, social, etc.). 
Some questions are general, other more specific, as they refer to key aspects of the 
research and key features of the local reality. The actual situation shows a diversified 
consciousness of the importance that economic activities can have. Both legal and 
illegal activities are spread and structured in informal networks. There is a usual 
coexistence with this consolidated system. This behaviour obstacles the perception of 
the link among questions referring to the improvement of socio-physical quality of 
life, and their possible solution, as evidenced in Table 1. 

The matrix in table I has been obtained as result of a series of the survey that 
involved about 150 people (adults and young people). It shows that the high degree of 
sensitivity towards questions (category of statement: "a place where leaving. not 
living") does not correspond always to the perception of possible solutions (category 
of statement "how the place may become). This is evidenced by the variability of the 
concordance among judgements about the two categories of statements. 
In this first phase the following aspects emerged: 
a) the importance of some non-institutional actors (i.e. some churches which 

represent a point of aggregation) 
b) the strong perception of illegality (the criminal organisation which oppresses the 

try to develop entrepreneurship, the frequent presence of drug users) 
c) the existence of informal network (i.e. neighbourhood networks, to support old 

people which are unable to go out buildings which have non working lift, like the 
Vele; young people which are paid to do something for old people), instead of the 
use and the reference to institutional bodies. 

Other important indications put in evidence the role of institutional and social actors: 
a) the lack of visibility of initiatives made by voluntaries associations of Forum 
b) the high level of conflict between some of the same associations 
c) the vagueness of knowledge about institutional social initiatives. 
d) the missing recognition of the physical space as a resources for sociality 
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Table I: Perceived link among problems and tbeir solutions 
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One of the serious emerging aspects is that the lack of security which inhabitants 
perceive is a main cause of the non-use of places. The most used places are those 
which can be considered "secure", since they are curtained, are surveyed, like the 
common spaces inside some estate parks. This is confirmed by the perceptual maps 
drawn by the same inhabitants as well. The estate of Vele Bulidings is considered 
dangerous and degraded, and the Park is not used because of the insecurity of 
residents. 
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5 THE EVALUATION PROCESS OPEN TO PARTICIPATION OF PEOPLE 

As already said the evaluation process is divided in a series of articulated phases, each 
one corresponding to a detailed aspect to be analysed (figure 3). 

Figure 3: The methodological approach 
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The first phase is represented by the horizontal flows in the figure. At the end of the 
first general cognitive phase we have been able to start with the construction of a 
scenario to be assessed (represented by the vertical flow in figure 3). After the 
institutional analysis, in the second step, some interviews have been conduced to draw 
cognitive maps, in order to achieve a list of possible interventions. At the end the 
different actions has been assessed by the use of a multidimensional analysis (based 
on Najade Method), based on a multicriteria! and a multigroup assessment. 

5.1 Scenario construction 
The construction of scenario has been conduced by the identification of main actions 
and intervention emerging from the elaboration of cognitive maps. Cognitive maps 
represent a scheme of links between questions represented by the thoughts of 
interviewed people. The strengthen of these links represents the degree of importance 
and the degree of complexity of questions. 
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The SODA (Soft Options Development and Analysis, Eden and Simpson, 1989) has 
been the used approach. The SODA methodology is a DSS method (one of the most 
popular Soft Operational Research Methods) for working on complex problems, 
creating a map of perceptions of a person or group may act as a precursor to other 
forms of analysis with greater effect. 

The applied software is the Decision Explorer, (developed by the Universities 
of Bath and Strathclyde and than by Banxia Software), a tool for managing "soft" 
issues as the qualitative information that surrounds complex or uncertain situations. 
Cognitive maps are dynamic views of a much large model according to the theory of 
personal constructs (Kelly, 1955) and the principles of cognitive mapping. In Personal 
Construct Theory, a person's thought processes are psychologically channeled by the 
ways in which events are anticipated (reflections of the means-ends arrows in 
cognitive mapping). Constructs are the patterns which people invent in order to make 
sense of their world (reflections of the "concept" within maps in cognitive mapping). 
Individuals strive to improve their constructs in order to increase their understanding 
of the world. We make sense of the world in order to predict how the world will be in 
the future and to decide how we might act or intervene in order to achieve what we 
prefer within that world, a sort of predict and control view of problem solving. Maps 
have been used for strategy development (Rosenhead, 1989), being able to structure 
and analyze the data, identify the emergent key issues and provide potential action 
plans. 

The interviewed people are "street level bureaucrats" (Lipsky, 1979), that is to 
say those operators on the field which live inside the quarter and which at the same 
time own a expert knowledge about some fundamental questions. Starting from an 
assumption about a specific question of the quarter (like the re-use of degraded 
buildings) a interview is conduced(Pawson e Tilley, 1997), and contemporary a 
cognitive map has been drawn. The cognitive map draws the sequence of concepts 
expressed, which are related not only in a linear way. The main difficulty is in 
conducing in a open and informal way interview, in order to draw the cognitive maps. 
Through the reading of their verbal protocols it is clear the difficulty in focus on 
single questions in a consequential way. The sequence of constructs can be considered 
as a collection of single inferences. The map can be constituted by group of three 
statements related by an inferential logic like "A implies B, B implies C then A 
implies C". But connecting these groups of inferences the connection does not appear 
syllogistic. Cognitive maps use "soft" links between concepts, without the hypotesis 
of stiff inferential connections. They can be defined connotative rather than syllogistic 
as the example in figure 4. 

Maybe a hidden inferential process could be (Anderson, 1976) as in figure 5, 
which develops a complete consequential map starting from the above three concepts. 
In this case we could suppose that frequency of concepts, and frequency of connection 
evidence a high value of the treated question in the general vision represented by the 
whole cognitive map, according to the theory of neuronal group selection, which 
affirms that concept which are underlined in the discourse represent the result of an 
non-explicit mental selection. 
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Figure 4: Connotative links in a piece of cognitive map 
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Figure 5: Hidden implications cbains in tbe connotative links of figure 3 
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Concepts in cognitive maps are classified as: (i) key questions, (ii) implications and 
(iii) suggested actions (in black). 

Starting from the individual cognitive maps, with the support of the software a 
general strategic maps regarding a single key question has been elaborated. The 
strategic maps is obtained by linking the individual maps in correspondence of those 
concepts which are common to different maps. This link among equal concepts in 
different individual maps creates a general strategic map (figure 6). 
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The analysed scenario is constituted by a list of suggested actions which appears to 
have the highest level of link inside the cognitive maps, or which affect more 
implication chains. The most favourable interventions are considered thos 
intervention which are central in the more complex and connected strategic maps. A 
strategic map is indicated in figure, showing the suggested action (in black) and the 
cloud of concepts which refer to the same actions. 

Figure 6: Strategic map referring to one suggested action 

5.2 The multicriterial analysis 
The obtained actions constitute the structure of possible future scenarios. Some of 
these actions can be compatible with the policy provided by the municipality or can 
be conflicting with. 

A recent Multicriteria Evaluation Method, called NAIADE (Munda, 1995), 
which deals with the issues of efficiency and equity, has been used to evaluate the 
actions. 
The aggregation procedure ofNAIADE can be synthesised as follows: 
- ranking of the alternatives according to the set of evaluation criteria; 
- indication of the distance of the positions ofthe various interest groups; 
- rank:ings of the alternatives according to actors' impacts or preferences. 
In the case of Scampia, the multicriteria analysis has been developed on the basis of 
the identification ofthe affected interest groups by the institutional analysis. 
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It is necessary to construct an impact matrix (which can contain quantitative, 
qualitative, and fuzzy indicators) from which a ranking of the actions, considered as 
potential alternative of intervention, can be obtained (figure 7). Criteria and 
alternatives were formulated to take into account the conflicting preferences of these 
groups. Moreover Naiade has been chosen for its specific peculiarity in operating in 
context ofhigh level of uncertainty. The uncertainty generally regards: 
i) the definition of criteria/indicators. In our case the judgement according to a 

given criterion does not completely express the meaning of the criterion; 
ii) the comparison of alternatives according to a criterion; the preference or the 

indifference of an alternative compared to another has a degree of uncertainty; 
iii) the construction of scale of values; the determination ofhe highest value, the 

lowest value, the better way to rank the scale etc. Variables are usually dummy 
or linguistic. 

Which suggest to not use a traditional multidimensional approach. 

Figure 7: Impact matrix 
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By using a fuzzy clustering procedure (Bezdek, 1981), the method provides the 
ranking of alternatives. The fuzzy clustering gives to an element X (the intervention 
alternative) of a cluster U (which is represented by a criterion) a membership degree 
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which is different to the traditional statistic ones. In a traditional approach the 
membership of an element X to a cluster U can only assume the value 1 (if the 
element X belongs to U/ the alternative satisfies the criterion) or the value 0 (if the 
element X does not belong to U/the alternative does not satisfy the criterion). If the 
membership is referring to a linguistic judgement (good, bad, more or less good etc) 
in a fuzzy approach it is possible to draw a function to measure the possibility that an 
element X (in our case the proposed intervention) could belong to the fuzzy clusters 
"good", "bad", "more or less good", etc, which correspond to different degrees of 
judgement. This membership function represents consequently the linkage between 
the linguistic judgement expressed for each criterion and the corresponding indicator 
for the fuzzy clustering. 

In our case, if two different proposals of intervention for the urban renewal X 
and Y belong with a certain degree of membership to the clusters good, bad etc, it is 
possible to make a fuzzy comparison and to construct a degree of truth regarding the 
judgement "X is better than Y", "X is more or less better than Y'', "Y is more or less 
better than X", etc, for each pair wise comparison between alternatives. The final 
ranking is expressed by two membership function <l> and <1>+. In this function the 
alternatives are ordered by a ranking which expresses the membership to the fuzzy 
variables "favourable solution" (<I>+) or "not favourable solution" (<I>). 

Figure 8: Multicriteria analysis result 
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At the end of the impact multicriteria! matrix ranking of the policy options is 
obtained (figure 8). The options were regarding two specific problem, related to the 
Vele and the Park area: how to rebuild and how to reuse both places. For Vele and 
Park Two alternative hypotheses of reuse have been evidenced, which have a degree 
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of agreement inside the community higher than the institutional ones. After the impact 
matrix, a equity matrix is developed (figure 9), by measuring the degree of similarity 
of the position of different social groups. 

This matrix can be represented by a dendrogram (figure 1 0) where the creation 
of clusters is shown. This means that a similarity analysis is carried out. The latter 
evolves from different social groups giving their qualitative judgements on the 
alternative proposals, from which a second evaluation matrix is constructed to obtain 
different possibilities of coalition between the social groups involved for the 
realisation of the alternatives. 

Figure 9: Equity matrix 
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G1 Residents Vele buildings 
G2 Residents new popular dwellings 
G3 Middle class residents 
G4 Residents old popular building 
G5 Residents ancient part of the quarter 
G6 Local authority 
(;7 University 
G8 Community based associations 
G9 Churchs 
G10 Police 
G11 Municipality 

In our case, the similarity of position is evident between those groups which operate 
on the social field (CBA and religious bodies) and between the institutions. It is on the 
evidence again a weakness which has been shown as well in the first phase. The lack 
of coalition between the different groups of residents, which seek for different social 
models and lifestyles, and which are not able to be represented as strong stakeholders 
in front of the political institutions. 
This kind of method is useful to express non expert judgement, because of the 
possibility of expressing judgement in a friendly way by people. The expert 
evaluation is represented by the impact matrix (which is based on assessment criteria), 
and the common evaluation represented by the coalition three (which measures the 
similarity of preference expressed by groups). 
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Figure I 0: Dendrogram of the coalition process 
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The approach to build sustainable cities requires a co-operation among different social 
actors, by which the search for shared solution define a community as "partner" that is 
based on co-operation, reciprocity and responsibility. This community finds its 
strengthen in the system of communication and build a network that attributes a role 
to enterprises, unions, households, no profit associations etc. This community, finally, 
builds a place for "living in", and building a place means being able to create in 
individuals a sense of trustiness in environment, which is crucial for developing the 
ability to create a necessary reference systems for a different style of life. This 
association of the need to built spaces to the necessity to provide the same spaces by 
activities not only for instrumental scopes, is a way to create social complex values by 
attributing multiplex meanings to those places (Fusco Girard and Nijkamp, 1997), 
coming from different interest of social groups. This is equal to create "emotional 
territories" (Burkhardt, 1998) as necessary base for the growth of urban 
communication, since they consent to residents the integration to the built 
environment by identification and attribution of meanings, sense and values. 

In general, the evaluation methods considered as decision support systems are 
a suitable instrument for promoting the humanisation of development, and for 
promoting the quality of life in all dimensions. But we need adequate 
multidimensional indicators (both qualitative and quantitative) that gather the 
different dimensions for realising an "integral humanism" in the city, by which the 
"sustainable city" expresses itself. 

Evaluation techniques do not solve the conflicts or uncertainties; rather, they 
help to provide insight into the nature of conflicts and into ways of exploring policy 
compromises. The process that starts from the identification of perceived problems 
and evaluates the possibility to find a recognised solution, leads to the individuation 
of economic sectors that can be improved in terms of employment growth, and above 
all in terms of building social capital. 
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The quality of residential areas receives undiminished attention. Especially, the differentiation of 
quality is increasingly seen as an additional value for quality. Consequently, local authorities have a 
need for instruments that give direction to differentiation of residential areas. For this reason 
researchers conunitted to the Real Estate Management Group developed a method for optimisation of 
area performance and households demands. This method was developed for the city of Etten-Leur. The 
fust part of the paper focuses on the need for residential differentiation and the demand for tools within 
the scope of urban management. Next, the used method will be described. This contains, among other 
things, the division of residential areas, quality measurement on the level of these areas and the 
identification of the demands of distinguished types of households. Specific attention will be given to 
the method used for the matching supply and demand. The third part of the paper will focus on the 
results of the pilot-study in Etten-Leur including a visualisation of these results using the GIS
application Map info. The results give insight in the (potential) fitness of residential areas for various 
types of household. In the case of misfit the results show the cause. Finally, possible uses of the method 
will be discussed: urban management, renewal of neighbourhoods and the choice of new residential 
areas. 

1 RESIDENTIAL DIFFERENTIATION 

From a historical point of view a city is differentiated by its morphological structure, 
its grown ore planned lay out and by its urban forms. The several building periods and 
the related processes of decline and revival strengthen this differentiation of 
residential areas. In the last century however there was a tendency to homogenisation 
as a consequence of building regulation and social redistribution. A lot of new 
neighbourhoods built in the sixties and seventies, were developed according to 
standards that were in force in that period. 

In the mean time the need for residential differentiation was growing as a 
consequence of the increasing heterogeneity ofhouseholds and life styles. Households 
no longer go along a standard course of life, but make their own choices, write their 
own biographies. The 'natural' differentiation of the city is not always adequate to 
cope with the demand for heterogeneity by households. The existing urban areas 
appear not attractive enough for many dwelling seekers. 

In the eighties the interest among policy makers and urban managers for the 
quality of residential areas was growing. Differentiation of quality was seen as an 
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additional value in the planning and design of residential areas. The development of 
new areas, as well as the redevelopment of existing urban areas can create this value. 

This quality policy implies however adequate information on the existing and 
possible situation. Quality of neighbourhoods is determined by the degree to which 
the offered and the demanded performance of different occupant groups in these areas 
are matched at a specific moment in time under specific conditions, without reference 
to its intended use. Especially insight in the mismatch between the quality offered in 
areas and the quality demanded by households (potentially) Jiving in these areas, 
would be necessary to decide where which measures should be taken. It indicates the 
vulnerability of an area: if a neighbourhood does not match with the demand of some 
households, future risk in regard to rentability or other problems are greater. 

On the contrary, if an area matches with the demands of a great amount of 
households, it has a lot of opportunities and might become attractive for many 
dwelling seekers. The method presented in this paper provides decision-makers a tool 
to handle this problem. 

2METHOD 

The method used is based on two assumptions. The first assumption is that the level 
of satisfaction can be interpreted as the degree to which the needs of a person are 
fulfilled by his or hers specific housing situation (Burie 1972). Also Francescato 
e.o.(l989) state that satisfaction with the dwelling situation can be seen as a reflection 
of how residents feel that their housing situation enables them to achieve certain 
goals. The second assumption is that in case of a mismatch between supplied and 
demanded performances, dissatisfaction will occur and interventions in a residential 
area are necessary (Smeets, 1997). So, our method for optimisation of area 
performance and households demands is based on a match between the actual 
performance of the residential area and the performance with which different groups 
of households are satisfied. To achieve this match several steps have to be taken (see 
also Dooremalen, 1996). 

Division of residential areas 
First of all the scale level of the division of residential areas has to be chosen. The 
most ideal level of division is that of residential areas with homogeneous buildings. In 
practice the scale level is most often determined by the availability of data. Often, 
when there is no data available on the desired scale level, concessions have to be 
made (Pott & Smeets, 1994). Figure 2 shows the chosen division in Etten-Leur where 
we divided the city into approximately 30 residential areas. 

Selecting target groups 
As we will see, each type of household has specific needs and wishes regarding 
residential areas, which result in different demanded performances of residential 
areas. In the survey for the city of Etten-Leur we applied an 'a priori' segmentation. 
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We distinguished ten types of households, defined in terms of age of the head of the 
household and number of persons in the households according to the different stages 

Figure 1: Steps in de process of matching supplied and demanded performances 
of residential areas 

Figure 2: The division of the city of Etten-Leur into approximately 30 residential 
areas 
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of these households (pre-family, family and post-family): 

* 1 and 2 persons 

*families 

*seniors 

singles <30 years 
singles 30-54 years 
couples < 30 years 
couples 30-54 years 
two parents < 30 years 
two parents 30-54 years 
one parent 
singles 55-74 years 
couples 55-74 years 
singles and couples >74 years 

Although the heterogeneity inside these categories is increasing - so the age-limit on 
which woman get there first born is rising - there are some obvious differences 
between these groups in regard to their appreciation of their living environment. 

Selecting relevant quality-aspects 
Satisfaction with the residential area as a whole is seen as the result of the weighed 
sum of satisfactions with several quality-aspects of the residential area. Because the 
amount of quality-aspects is too large to use them all in the match a selection of the 
most relevant aspects has to be made. To select these aspects, about 5000 households 
of Etten-Leur were asked to fill in a questionnaire. In the used list, a large number of 
quality aspects of their residential area are evaluated on a five point scale and the 
residential area as a whole on a ten point scale. With the use of regression-analyses 
the aspects that have the highest weight in the satisfaction of the residential area as a 
whole are determined. In the case of Etten-Leur we selected the 16 most important 
quality-aspects (Rijpers & Dogge, 1999). 

Measuring supplied performance 
The core of the performance concept is thinking in terms of results for users, instead 
of thinking in terms of solutions offered by experts. The most important condition is 
that these results are quantifiable and verifiable. A performance requirement is a 
quantitative statement giving the level of performance required to meet the users 
needs or expectations for the aspect being addressed. So performance has the 
characteristics that within certain limits, its level can be recorded objectively. 
Unambiguous formulated performances prevent differences of interpretation in the 
communication among diverse parties. Working with the performance concept places 
heavy demands on the method of measurement. 

In the case of Etten-Leur we decided to use a checklist which had to be filled 
in for the distinguished residential areas by, so called, key-persons of the local 
authorities of Etten-Leur who have expertise about the different aspects of the 
residential areas. In the checklist the key-persons evaluate the different residential 
areas on the different quality-aspects and express the supplied performance in de form 
of a score on a five point scale. 
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Eventually the supplied performance is expressed in a quality profile. A 
quality profile is "a way of trying to describe and communicate the many components 
of the concept of quality" (Rapoport, 1989). It has the ability to order many variables 
and to compile large amounts of information (Smeets, 1997). 

Demanded performance 
Demanded performance is measured by analysing the relation between the 
performances of the different quality aspects of the residential area and the 
appreciation of these aspects. For this purpose the same questionnaire as we 
mentioned before is used. The satisfaction-levels from the questionnaires are related 
to the performance levels of the residential area addressed by the key-persons 
according to the checklist. This method enables us to measure the fit between supplied 
performance and the appreciation of this performance level by a certain type of 
household. The relationship between the supplied performance and the subjective 
appreciation can be mapped by a satisfaction function (See also Kalay, 1996). Figure 
3 shows the relation between 'level of pollution in the area' (as a performance 
indicator) and the percentage of satisfied young single-person-households at each 
performance level. In our research for the city of Etten-Leur we assumed that if 60% 
of the households is satisfied by the supplied performance, the residential area is 
offering the demanded performance for that aspect. This percentage is variable and 
can be chosen according to the ambition-level of the concerning local authorities. 

From figure 3 it appears that 60% of the young single-person-households is 
satisfied with performance level 4, so we can say that the demanded performance of 
this target-group concerning 'level of pollution in the area' is level4. 

Importance of aspects 
Different types of households have different demanded performances. Likewise 
different types of household attach different importance tot different quality-aspects 
of the residential area. For example, it is likely that households with little children 
attach more importance to the opportunities for children to play in the area than 
households without children. Factor-analyses and regression-analyses give us the 
weight of the different quality-aspects in the match between demanded and supplied 
performance. 

The match between supplied and demanded performance 
When the supplied performance per residential area and the demanded performance 
per target-group is known, we can compute the deviation for each quality-aspect 
between supplied performance and demanded performance. By multiplying these 
deviations by the weight-factor we found for the different quality-aspects we get 
weighed deviations. When we divide the sum of these weighed deviations by the swn 
of the weighed levels of the demanded performance we get insight in the deviation 
between the total supplied performance of a residential area and the total demanded 
performance of a target group. The user of the method, in this case the city of Etten
Leur, can decide which percentage of negative deviation corresponds with which 
degree of fitness of the residential area for the different target groups. 
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Figure 3: Example of a satisfaction function (relationship satisfaction- supplied 
performance) 
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Drifting garbage or dog pooh less than average 
Drifting garbage and dog pooh average 
Drifting garbage or dog pooh more than average 

1 Drifting garbage and dog pooh more than average 

In the survey for the city ofEtt(:m-Leur we used this division: 
++ negative deviation of area 0-10%: area fits target group very well; 
+ negative deviation of area 10-20%: area fits target group well; 

negative deviation of area 20-30%: area fits target group badly; 
negative deviation of area >30%: area doesn' t fit target group. 

In the example in figure 4 the negative deviation between the supplied performance of 
the residential area and demanded performance of the singles < 30 years is 9,1%. This 
negative deviation is below I 0%, so the area in the example fits singles < 30 years 
very well. 

3 RESULTS 

The results of our match show us two kinds of information. First off all it shows us 
the (potential) fitness of the residential areas for the different target groups. And 
secondly it gives us an indication of the vulnerability of the different areas in the 
future. 

Example fitness residential areas for target groups 
The map in figure 5 gives an overview of the degree of (potential) fitness of all 
residential areas in the city of Etten-Leur for couples aged 55-75. The quality of six 
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areas matches 'well' with these households. However, five areas do not match at all. 
Most areas match rather 'badly' for this type of household. 

Figure 4: A match between demanded performance of a target group and 
supplied performance of a residential area 
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The results also indicate the vulnerability of an area. The more types of households fit 
with the performance of an area, the better the opportunities for use by households 
and for exploitation of real estate in this area. The map in figure 6 shows the degree of 
vulnerability of the residential areas in the city of Etten-Leur. 

It shows that six areas fit with all type of households. These can function as 
benchmark for the urban planners. On the other hand there are some neighbourhoods 
that are extremely vulnerable. Especially the one that theoretically does not fit any 
target group, but also the areas that only fit for one target group are very vulnerable: 
an intervention is urgently needed. Simulation with the degree of satisfaction (50%, 
60% or 70%) makes clear that the amount of vulnerable areas is very much 
determined by the choice of that degree. The amount of areas that fit many target 
groups, is great when the 50% norm is applied. On the other hand, the amount of 'the 
zero-fitted' areas grows enormously 
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Figure 5: Example of fitness of residential areas for a target group 

Figure 6: Degree of vulnerability of residential areas 
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when the 70%-norm is used. Table I shows the effect of changing the degree of 
satisfaction on the degree of vulnerability. 

Table 1: the effects of simulation 

Areas that fit: 50% satisfied 

I 0 target groups 26 
9 target groups 4 
8 target groups 2 
7 target groups 0 
6 target groups I 
5 target groups 0 
4 target groups 0 
3 target groups 0 
2 target groups 0 
I target groups 0 
0 target groups 0 

60% satisfied 

6 
5 
6 
2 
3 
4 
3 
0 
I 
2 
I 

41MPLEMENTATION IN URBAN MANAGEMENT 

70% satisfied 

I 
0 
I 
3 
I 
I 
2 
4 
3 
4 
13 

The output of this Decision Support System supports decisionmaking in the field of 
urban management. It indicates the problems and stimulates communication among 
the responsible managers (see also: SOAB,2000, Gemeente Etten-Leur, 2000). 

The output can be used to support three kinds of decisions: 
1 - First it supports the determination of urgency of neighbourhood management. The 
system determines not only the degree of urgency but shows also the cause of the 
underperformance. In combination with a decision about the desired group of 
households, the kind of intervention can be determined. So the efficiency of urban 
management can be improved. 
2 - Based on the demanded performances of different target groups interventions can 
be determined, that make the area more attractive for different types of households. 
So, the Decision Support System can be used to track down the quality-aspects on 
which the supplied performance of areas is low. In the example of figure 4 the showed 
area does not supply the performance demanded by singles < 30 years considering the 
aspects of 'pollution', 'vandalism' and 'noise pollution by traffic' . By reconstruction 
of the area the quality can be improved. 
3- The DSS also supports the choice of locations for new dwellings, in relation to a 
target group. Or the other way around, when a decision about the development of new 
dwellings or reconstruction of existing dwellings is taken, the planning and design of 
the environment can be matched with the demanded performance of the future 
residents. 
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5 DISCUSSON 

The developed Decision Support System offers the user a strong tool for planning and 
(re)development of residential areas. It also makes simulations possible by 
manipulating the parameters in it. However there is still room for improvement of the 
tool. 

Firstly, the actual tool is based on synchronical comparison of the quality of 
residential areas. To extend it to a monitoring tool, diachronical analyses should 
become added. For that purpose, the underlying survey as well as the consultation of 
the experts should be repeated after a certain period of time (e.g. 3 or 5 years). 

Secondly, for that purpose it is also recommendable to add some demographic 
trends and prognoses to the analyses. Especially, the ageing of households and the 
increasing amount of small households change their demands on the quality of the 
residential environment. 

Thirdly the tool can be extended. In its actual form only the quality aspect of 
the environment are used. The tool may be expended to the field of the dwelling itself. 
It is possible that the area itself fits with a household but that the dwellings in it are 
not suitable at all. By adding quality aspect of the dwelling the tool is much more 
usable. For some areas in Etten-Leur this extension of the tool took already place, 
because only for a part of the housing stock these additional information was 
available. For these areas the fit of the total living conditions (the dwelling as well as 
the surrounding) was analysed (see also Smeets and Dogge, 1998). 
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This paper describes a decision support system for land-use selection decisions. The system is developed to 
assist consultants/planners in generating proposals for re-development of a number of Dutch military sites 
that recently has become available for re-use. The proposed system uses a combination of decision tables 
and AHP to represent non-compensatory as well as compensatory decision rules that are considered 
relevant in different stages of a multicriteria decision process. The paper describes methods and results of 
knowledge acquisition involving a group of domain experts. A prototype system shows how both forms of 
knowledge can be integrated using general-purpose spreadsheet software. 

I INTRODUCTION 

Site-selection and land-use allocation problems have received much attention in decision 
support systems (DSS) that have been reported in the urban planning and geography 
literature. In site selection problems, a land-use is given and the problem involves fmding 
the most suitable site among the candidate sites available within a given study area. 
Multi-criteria evaluation (MCE) techniques, often integrated with a geographic 
information system (GIS) for deriving spatial criteria, represents the dominant approach 
in this area (e.g., Fedra and Reitsma 1990, Carver 1991, Pereira and Duckstein 1993, 
Jankowski 1995, Lin et a/. 1997, Malczweski 1996, Jankowski and Ewart 1996, 
Crossland et a/. 1995, Ohgai 1999). Expert systems or knowledge-based systems (KBS) 
have been proposed as an alternative system type (e.g., Findikaki 1990, Suh et a/. 1990, 
Han and Kim 1990, Rouhani and K.angari 1990, Moutinho et a/. 1994, Witlox and 
Timmermans 1999). Although KBS applications reported are typically in a prototype 
stage, these studies show that domain knowledge for site selection decisions tends to be 
well defmed and self contained to an extent that a KBS is feasible. Both MCE and KBS 
consider the problem of optimising a single location. For multiple-location, single-facility 
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optimisation problems, on the other hand, location-allocation models are suited and have 
been applied in spatial DSS (e.g., Densham 1994, Armstrong eta/. 1991 and Densham 
and Rushton 1996). 

On the other hand, spatial land-use allocation involves the problem of allocating 
multiple land-uses across multiple sites or zones within a given study area. Operational 
decision support systems for land-use allocation problems are scarcer in the literature. 
Lee and Moon (1999) proposes a system for zoning designation based on multicriteria 
evaluation of alternatives for each zone. Their system combines Analytic Hierarchy 
Process with fuzzy-set logic to improve the estimation of criterion weights. The system 
developed by Klosterman (1999) incorporates a GIS component for spatial analysis and 
generating maps as well as state-of-the-art design concepts and allocation process 
models. To emphasise the scenario-based approach. the latter system has been given the 
name What-If?. 

The purpose of the present paper is to develop a DSS for a problem that has 
characteristics in common with both site-selection and land-use allocation problems. The 
problem considered involves fmding new land-uses for a part of existing Dutch military 
sites that recently has become available due to a re-organisation of the Dutch military 
force. To support land-use selection for each vacant site, the proposed system combines a 
MCE approach with a KBS approach. As argued by Arentze et a!. (1996) the 
combination of these two techniques is potentially powerful for supporting multicriteria 
decision making. Where existing MCE methods can assist users in ranking alternatives on 
multiple criteria, a KBS allows one to represent domain specific knowledge for deriving 
criterion scores from attributes of alternatives in the system. 

A wide variety of MCE and knowledge-representation methods exist in the 
decision analysis/planning and KBS literature, respectively. The DSS proposed in this 
study uses the Analytic Hierarchy Process (AHP) as an MCE technique and the decision 
table as a KBS technique. In the knowledge acquisition stage, a group of domain experts 
was involved in developing and testing decision tables required for the system as well as 
assessing relative weights of criteria in the context of an AHP. General-purpose 
spreadsheet software is used to implement the resulting knowledge base in an easy to use 
decision support software tool. 

To develop the system, the remainder of this paper is structured as follows. First, 
Section 2 discusses relevant problem characteristics and introduces a decision model. 
Then, Section 3 briefly introduces the decision table and AHP approach and highlights 
the way in which these methods are combined in the proposed system. Next, sections 4 
and 5 successively discuss the method and results of knowledge-acquisition. Sections 6 
and 7 then consider the structure, implementation and an illustration of the DSS. Finally, 
the last section concludes the paper with summarising some conclusions and discussing 
possible avenues of future research. 
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Figure I: Decision Hierarchy 
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2 A MODEL OF THE DECISION PROBLEM 

As a consequence of replacing the military service system by a professional army in the 
Netherlands, a total of approximately 40 military sites with sizes ranging between 3 to I6 
hectares has recently become available for re-use. According to a standard procedure in 
such cases, local government of the municipality in which the site is located first receives 
the opportunity to buy the land before it is offered for sale to commercial developers. 
However, in the present case, the army considers re-developing each site before offering 
it for sale, with the aim to obtain a higher price for it. A consultancy group was 
commissioned by the army to generate re-development proposals for vacant sites. This 
group represents the target users of the DSS. Although the primary objective is to 
maximise net profits, the system should be able to provide information about land-use 
suitability apart from the fmancial aspect. 

The problem of finding a suitable land-use is modelled in the form of a decision 
hierarchy as schematically represented in figure I. The model is based on the following 
assumptions. A common set of p optional land-uses is considered for each site. The 
preference for a land-use is based on two main criteria, namely suitability of land-use 
given attributes of the site and profitability of land-use on the site. Suitability of each 
land-use alternative is evaluated on a land-use specific set of criteria resulting in p vectors 
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of criterion scores denoted as Z; where i is an index of land use. Evaluating for each land
use the relative importance of each criterion involved results in p vectors of criterion 
weights denoted as /3;. The overall suitability score of each land-use is obtained by 
weighted sununation of (standardised) criterion scores or some other combination rule. 
This results in a vector of p scores denoted as Z. Finally, the overall suitability scores, Z, 
are combined with the fmancial scores, E, possibly in a similar fashion, i.e., by weighted 
summation taking the relative importance of the suitability and economic criterion into 
account. 

It should be noted that the proposed structure differs from a standard AHP 
approach. In standard AHP, a single set of criteria is used to evaluate alternatives, 
whereas the present application assumes alternative-specific sets of criteria. In that sense, 
the present application involves multiple AHP models. The AHP model at the highest 
level deals with comparison of land-use alternatives on the suitability and economic 
criterion. At the second level, the system incorporates an AHP model for each land-use 
alternative with the aim to evaluate suitability of the land-use on multiple criteria. In stun. 
S\,litability analysis is the main focus of the system and considers the extent to which site 
attributes match requirements of each given land-use. 

The decision process is structured in terms of a sequence of steps as represented 
in figure 2. The first step eliminates land-use alternatives that are not feasible given 
characteristics of the given site. Then, the second step derives criterion scores (Z;) for 
each land-use i considering attributes of the site. Next, the third step defmes the overall 
suitability score for each land-se (Z) by combining criterion scores. The fourth step 
involves a cost-benefit analysis for each land-use alternative resulting in fmancial 
criterion scores, E. Finally, in the last step a choice is made among land-use alternatives 
based on the suitability and economic criterion. 

3 KNOWLEDGE REPRESENTATION METHODS 

As indicated by the scheme in figure 2, different techniques for modelling decisions are 
used in different stages of the decision process. KBS and AHP are the two main 
components. KBS is used in the earlier stages for determining feasibility (Step l) and 
deriving performance scores on criteria (Step 2). AHP provides a systematic method for 
assessing weights of criteria in Step 3. This section briefly introduces the KBS and AHP 
techniques used and the way in which they are combined in the DSS. 

3.1 KBS: the Decision Table Formalism 
The decision table is a well-established technique, originally introduced to structure 
complex decisions in engineering. Later, application of the decision table in software 
engineering to structure computer programs became important. The use of the decision 
table in knowledge-based systems is of a more recent date. Several systems using the 

83 



Figure 2: Structure of tbe Decision Problem 

Start 
r ·······-··· ··-·-·--···---··-·-·-·-·-···-··-·-····-·-··11·-·-·-··-····-·······-····-·-··-··-·-···-·-····-····-·······-·-·---·····; 

+ 
[ Determine feasibility of 

each land use option 

+ 
Determine performance of 
each land-use on multiple 

criteria 

I 

Determine overall I 
suitability of each land-use 

Assess return on investmen I 
for each land-use 

. -- ············ Make a choice 

KBS 

AHP 

Analysis 

technique for knowledge acquisition and knowledge representation have been reported in 
planning. Reitsma (1990) and Wit! ox and Timmermans ( 1999) both developed a 
decision-table based DSS for industrial site selection in different geographical and 
functional contexts. Arentze, Borgers and Timmermans (2000) describe a decision table 
system for the planning of shopping centres in urban areas. Arentze, Lucardie, Oppewal 
and Timmermans ( 1996) report a KBS to assist organisations in choosing office 
accommodation. For an extensive overview of concepts and applications readers are 
referred to Lucardie (I 994) and Wets ( 1998). Both studies also describe software (AKTS 
and Prologa, respectively) for developing decision-table based knowledge bases that 
provides significant added value to the technique. 

The decision table represents an exhaustive set of mutually exclusive decision 
rules related to a problem domain. An example of a decision table is given in figure 3. 
This table is part of the knowledge base of the present DSS in which it serves to 
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Figure 3: Example Decision Table for Evaluating Feasibility of Retail & Leisure 
Land-Use 

Retail & Leisure 
c1 Nature in adjacent area no yes 
c2 Government appraisal of Retail & Leisure as land-use >2 $2 -

for this site 
c3 Accessibility of the site ~ 3 <3 - -
c. Size of the site (in ha) ~2 <2 - - -
A1 Retail & Leisure is feasible I yes no no no no 

Rl R2 R3 R4 RS 

detennine feasibility of Retail & Leisure land-use alternative. A decision table consists of 
four sections. The upper left section represents condition variables or criteria for the 
decision. In the example, the condition variables relate to attributes of the site. The upper 
right section describes for each condition variable the condition states that are relevant for 
detennining a decision. The bottom left section contains one or more action variables 
representing the terms in which decisions are expressed. The example involves only a 
single action variable, namely a binary variable indicating feasibility of the given site for 
Retail & Leisure land-use. Finally, the right bottom section describes the action states that 
represent decision outcomes. 

The columns of a decision table represent decision rules. For example, the first 
column of the example decision table describes the rule: 

R,: if cl = no 1\ c2 > 2 1\ c3 ~ 3 1\ c4 ~ 2 then assign: A I =yes 

The main advantage of a decision table over unstructured if-then rules is that it allows 
one to verify completeness and consistency of the decision model in a systematic way. A 
decision model is termed complete (or exhaustive) if every possible combination of 
values C1 ••• Cc is covered by at least one column of the table and consistent (or 
exclusive) if every possible combination of values C1 ••• Cc matches with no more than 
one column of the table. Completeness and consistency can be verified by imposing a 
constraint on partitioning of a condition domain to create alternative condition states. 
Assume a partition into t condition states, then the completeness property requires: 

CSil u CS;z u ... u CS u = CD; 

where CSij ~ CD; is the condition state of the i-th condition variable in the j-th partition 
defined as a subset of the condition variable's domain, CD;. The consistency property is 
defined as: 
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CSiJn CS;k=0 'v'j,k~j j = l...t, k = l...t 

In the example decision table, it is easy to see that both constraints hold for each 
partitioning, because in every partitioning condition states do not overlap (consistency) 
and together cover the entire domain (completeness). Due to these properties a decision 
table is able to derive a decision unambiguously for every possible case that can occur 
within the table's domain. 

The decision table formalism further allows one to construct a hierarchy of 
decision tables. Hierarchical links can be defined through both condition and action 
subtables. In the present application, only the condition subtable is relevant. A condition 
subtable is itself a proper decision table. The distinctive property of a condition subtable 
is that it defines a condition of another decision table, which is then called the head table 
of that subtable. In the example decision table, 'accessibility of the site' is printed in italic 
to indicate that this condition variable is defmed by means of a condition subtable. This 
subtable (not shown) defmes accessibility scores 1 ... 5 conditional upon travel distances 
from the site to nearest highway approach (accessibility by car) and nearest railway 
station/bus stop (accessibility by public transport). 

In many applications and also in the present KBS, the condition subtable link is 
used to develop a hierarchical system of decision tables, whereby the table at the highest 
level typically contains abstract conditions which are successively elaborated in condition 
subtables. Using this construction one can reduce the size of a decision table and maintain 
legibility in the knowledge acquisition and knowledge validation & verification stages. 
Moreover, the hierarchical structure seems to match the way human experts tend to 
organise their knowledge and, therefore, facilitates knowledge transfer in the knowledge 
acquisition stage. A final important advantage of the decision table is that it can be easily 
changed/edited when needed as part of maintenance of a knowledge base. Due to the ease 
with which consistency and completeness can be verified, such changes do not impair the 
working of the knowledge base. This stands in sharp contrast with unstructured rule-bases 
where changes generally involve time-conswning testing of completeness and 
consistency. 

3.2 Analytic Hierarchy Process (AHP) 
AHP refers to a systematic method of decision making characterised by a limited set of 
discrete alternatives and multiple, possibly conflicting decision criteria. The method, first 
introduced by Saati (1980), is widely used as a general-purpose decision support tool in 
private and public sector organisations. Examples of applications of AHP in decision 
support systems for site selection or zoning are Ohgai ( 1999), Moutinho eta!. (1994) and 
Lee and Moon (1999). In this section, we will not review AHP in detail. For this, readers 
are referred to the general literature (e.g., Saati, 1980). However, two distinctive features 
of the process are particularly relevant for the present application. 
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First, AHP uses weighted summation to determine scores for alternatives based on 
multiple criteria. To derive criterion weights, AHP presents to the user a series of pair 
wise comparisons of criteria. A pair wise comparison involves an assessment of the 
relative importance of one criterion over the other. By recording an assessment for every 
possible pair of criteria information is obtained and used to measure the degree of 
inconsistency across judgements on a zero-one scale. A zero value on this scale indicates 
that all triades of assessments are internally consistent and a one value represents the 
expected value of inconsistency if all assessments were made randomly. Provided that the 
inconsistency index is at an acceptable level a reliable estimate of subjective weights of 
the criteria can be derived, for example, by calculating a geometric mean across 
assessments. 

As a second distinguishing feature, AHP allows users to organise criteria in a 
hierarchy. In cases where many criteria are specified, the large number of required pair 
wise comparison may impose too high a burden on the user. A hierarchical ordering of 
criteria offers a solution of this problem. By creating groups of criteria related to different 
main criteria at a higher abstraction level, comparisons are needed only for the main 
criteria and subcriteria arranged under each main criterion. An AHP model is not 
restricted to two levels. Levels can be added within branches of the tree in principle 
without any limit. In this way, the required number of pair wise comparisons can be 
drastically reduced in many cases. 

Finally, it is worth noting that AHP does not incorporate special tools for 
evaluating the alternatives themselves. In case of a qualitative criterion, scores of 
alternatives can be derived through a similar process of pair wise comparisons. In that 
case, each assessment involves a judgement of the preference for an alternative over the 
other with respect to the criterion under concern. In the case of interval or ratio-scaled 
criteria, which typically emerge from spatial analyses (for example, in GIS), more 
sophisticated MCE methods, which are not available in standard AHP, need to be applied 
for standardisation of scores in a pre-processing stage. In the present system, this is 
solved by the decision tables, which derive scores on a same standardised (5-point) scale 
for each criterion. 

3.3. Combining Decision Tables and AHP 
The decision table and AHP both define a functional relationship between a number of 
decision criteria (or condition variables), on the one hand, and an outcome or decision 
variable, on the other. The methods differ however with respect to assumptions about the 
nature of the relationships. AHP assumes a linear additive relationship implying that a 
low preference score on one criterion can be compensated by a high preference score on 
another criterion. 

The decision table, on the other hand, generally assumes non-linear relationships 
between criteria (i.e., condition variables). In a decision table, the relevant test on any 
criterion can be made dependent on the outcome of a previous test. Therefore, one can 
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model the situation where the relevance of a criterion is conditional upon another 
criterion. In the example decision table (figure 3), C2 is relevant only if C1 = no, C3 is 
relevant only if C1 = no 1\ C2 > 2, and so on. But even if a test on a criterion is relevant, 
the impact of that criterion on outcomes is not necessarily linear in the model. Variation 
within the range defmed by a condition state has no impact at all and if it leads to a shift 
from one state to another the impact does not need to be proportional with the increase or 
decrease on the criterion. 

Non-linear relationships are relevant for modelling non-compensatory decision 
rules that are involved in any decision domain and in particular in site or land-use 
selection. Rejecting a land-use alternative if a given site does not meet a minimum 
requirement of that land-use is a clear example of non-compensatory behaviour. As 
another example, a continuous increase in distance from a site to the nearest bus stop may 
make a qualitative difference if it exceeds a critical level (e.g., walking distance) in the 
perception of users of a facility at the site. The decision table is more flexible than AHP 
in the sense that it can be used to model compensatory as well as non-compensatory 
decision rules. Although this is true in principle, modelling compensatory relationships is 
cumbersome in decision table structures. Because a test on a criterion needs to be 
repeated under every outcome of a previous test, the number of columns tends to increase 
exponentially if one tries to do so. Assessing weights of compensatory criteria is clearly a 
far more efficient and natural knowledge acquisition procedure in such cases. 

The hybrid approach proposed here intends to combine advantages of both 
techniques. The decision hierarchy shown in figure l consists of three levels. We assume 
that it is possible to defme compensatory criteria at the main-criteria level as well as 
suitability subcriteria level. Attributes, on the other hand, concern measw-able properties 
of sites. At this lower level of abstraction, we assume that non-compensatory 
relationships are dominant. Also, decision rules for judging feasibility of land-uses (not 
shown in figure l) are typically non-compensatory as exemplified by the example 
decision table of figure 3. So, AHP is used at the criterion level and the decision table at 
the attribute and feasibility analysis level. This approach implies the following 
knowledge acquisition tasks: 

l. Derive decision tables (or decision table systems) to determine feasibility of each 
land-use option based on site attributes 

2. Derive decision tables (or decision table systems) to determine a score for each land
use on each relevant criterion based on site attributes 

3. Derive weights to determine a suitability score for each land-use based on relevant 
criterion scores. 

4. Derive weights to determine an overall evaluation score for each land-use based on 
the suitability and economic criterion. 
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4 KNOWLEDGE ACQUISITION METHODS 

This section details a knowledge acquisition method for the decision-table and AHP 
component of the knowledge base. 

4.1 Decision Tables 
A systematic way of constructing a decision table involves the following steps: 

1. identify the set of condition variables relevant for the decision situation 
2. identify the appropriate order of condition variables in the table 
3. for each condition variable identify relevant condition states for the decision situation 
4. for each entry of the table created (column of the table) determine the appropriate 

action state 
5. if possible, simplify the table by merging condition states that do not differentiate 

between actions or by changing the order of condition variables 
6. verify completeness and consistency of the table 

For steps 3 and 4 a depth first strategy is often helpful. This involves identifying the 
lower level condition states (on the next condition variable) each time a condition state is 
formed before continuing with the next condition state at the same level. Although the 
steps suggest a linear process, in reality the process typically has an iterative character. 
For example, new condition variables may be identified during the process of creating 
colunms. 

Several consultants and government officials who are experts in the areas of urban 
planning, landscape planning and development were invited to provide the required 
knowledge. The group consisting of 6 persons was composed in such a way that required 
expertise related to the different land-uses was covered. Required decision tables were 
first specified based on academic literature and own expertise of the authors. The tables 
were then presented to the experts during individual face-to-face sessions for verification 
of decision rules and suggestions for amendments. Each expert dealt with the subset of 
tables that related to his specific field of expertise. 

4.2 AHP 
AHP knowledge acquisition involves 1) identifying relevant decision criteria and 2) 
recording assessments of experts/decision makers regarding the relative importance of the 
criteria. Relevant criteria for evaluating suitability of each land-use were identified based 
on literature and own expertise. The required pair wise comparisons were translated into 
a questionnaire consisting of questions of the form 'with respect to suitability of a site for 
land-use X: what is your judgement of relative importance of criterion Y 1 relative to 
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Table 1: Classification of Land-Uses 

CATEGORY DESCRIPTION/EXAMPLES 
Recreation 'Green' forms of recreation, e.g.: public parks, facilities for open air sports, 

playgrounds, etc. 
Retail & Leisure Built forms of recreation, e.g. ; leisure parks, shopping centre, swimming pool, etc. 
Nature 
Offices 
lndustryl 1 

Industry2 

Nature with or without public access, e.g.: forest, lake, etc. 
Office buildings 
Type of industry that causes nuisance for the environment (typically, large scale) 
Type of industry that does not cause nuisance for the environment (typically, small 
scale) 

Housing Houses for residential purpose 
1 Classification according to VNG (association of Dutch municipalities) 

criterion Y 2 ?' , where Y 1 and Y 2 are systematically varied to cover all comparisons. A 
questionnaire was thus framed for each land-use separately. The same group of experts 
that also participated in earlier sessions completed one or more questionnaires that related 
to their field of expertise. Because each questionnaire (land-use) was completed by 
multiple experts, average judgements were derived per pair wise comparison simply by 
calculating a mean. The mean judgements were taken for deriving weights for the criteria. 

5. KNOWLEDGE ACQUISITION RESULTS 

Knowledge acquisition efforts resulted in a set of decision tables and criterion weights. 
Before discussing outcomes, this section first considers the choice of land-use 
alternatives and suitability criteria for the system. 

5.1 Land-Use Options and Site Suitability Criteria 
All possible land-uses were considered a-priori candidates for vacant sites. Land-use 
options were classified into a limited number of categories that are homogeneous with 
respect to requirements imposed on sites. This resulted in 7 land-use categories that are 
represented in table 1. 

The criteria identified for assessing suitability of land-use candidates are 
summarised in table 2. A general list of criteria was generated keeping in mind that not 
necessary every criterion is relevant for every land-use. The list intends to cover internal 
characteristics of the site (size, ltistorical buildings), location relative to transportation 
networks (accessibility by car and public transport, visibility), relationsltips with existing 
land-uses in the surroundings (match with other land-uses, image of adjacent 
neighbourhoods) and the region or wider area in which the site is located. Furthermore, 
government appraisal of the land-use is taken into account. 
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Table 2: Criteria for Assessing Suitability of Land-Uses 

CRITERION 
Size of the site 
Presence of historically important buildings 
on the site 
Match with existing land-use in surrounding 
neighbourhoods 
Accessibility of the location by car 
Accessibility of the location by public 
transport 
Government appraisal of the land-use on the 
site 
Availability of labour in the region 
Employment rate in the region 
Urban character of the wider area 

Rural character of the wider area 

Image of adjacent neighbourhoods 
Visual aspects of the site 

5.2 Decision Tables 

EXPLANATION/OPERA TIONALISA TION 
Square kilometres of the site's area 
Such buildings need to be preserved and may form an 
obstacle for some land-uses 
Negative or positive impacts from existing land-uses in the 
surrounding 
Distance to artial road, highway approach, etc. 
Distance to railway station/bus stop, frequency of 
trains/busses, level of station, etc. 
Accordance with regionaVIocalland-use policies 

Size and quality of labour market in the region 
Percentage of unemployed people in the region 
Distance to city centre and degree of urbanisation of the 
area 
Opposite of urban character: presence of quite, green 
environment 
Public safety, criminality rates, etc. 
Visibility of the location and size of traffic flow 

The knowledge base of the system consists of decision tables for evaluating feasibility 
and suitability of land-use alternatives on a set of criteria. A total of 7 decision tables was 
defined for evaluating feasibility of the 7land-use alternatives. For evaluating suitability, 
in principle a decision table is required for each land-use and each relevant criterion. If q; 
is the number of relevant criteria for land-use i, this would result in a total of L; q; 
decision tables for the second step. However, it turned out that for some criteria decision 
rules can be defined independent of land-use so that a single generic decision table 
suffices. In other cases, condition variables could be defmed in a more generic way or 
land-use could be incorporated as an additional condition variable. Thus, the number 
could be reduced to q = 12 decision tables. Feasibility and suitability decision tables may 
involve condition subtables, so that 'decision table system' is a better-suited term here. 

It would lead too far to discuss each decision table in any detail. Interested readers 
are referred to the teclmical report describing the system in more detail (Dousma, 2000). 
Here we confine ourselves to some examples. An example of a first-step decision table 
was already given earlier to illustrate the decision-table formalism in Section 3 (figure 3). 
This table evaluates feasibility of Retail & Leisure land-use. Similar tables are involved 
for other land use alternatives. An example of a second-step decision table system is 
provided in figure 4. This decision table evaluates accessibility by public transport on a 5-
point scale where a score of I indicates low and 5 a high performance. A similar 5-point 
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Figure 4: Example Decision Table: Accessibility of the Location by Public Transport 

ACCESSIBILITY 
by public transport 
C1 Distance to nearest < 500 500-1500 > 1500 
train station (m) 

C:z Status of the railway I 2 3 5 I 2 3 OR 5 I 2 3 4 5 
station OR 4 

4 

C3 Accessibility of the - - - - I 5 I 3 5 I 3 5 I 3 5 - I 5 I 3 5 I 3 5 I 3 5 
location by bus OR OR 

3 3 

A1 Score 2 3 4 5 I 2 I 2 3 2 3 4 2 4 5 I I 2 I 2 3 I 3 4 I 4 5 

R R R R R R R R R R R R R R R R R R R R R R R R R R R 
I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

Status van hettreinstation 

C1 The station is an InterCity halt no yes 

C:z The station is a node for multiple directions yes no yes no 

C3 Frequency of trains (# trains per hour) ~2 >2 ~2 >2 ~2 >2 ~2 >2 

A1 Status of the railway station I 3 I 2 4 5 3 4 I 
RI R2 R3 R4 R5 R6 R7 R8 

Accessibility of the location by bus 

C1 Dstance to nearest bus stop (m) ~ 500 >500 

C2 Frequency of busses (# busses per hour) ~2 >2 -

AI Accessibility of the location by bus 3 5 I 

Rl R2 R3 
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Table 3: AHP Results: Standardised Criterion Weights per Land-Use 

Recreat. R&L. Nature Offices Industr.I lndustr.2 Housing 
Size 0.361 0.097 0.046 
Historical monument 0.029 0.028 0.029 0.092 0.031 0,0[8 0.016 
Match ex. land-uses 0.097 0.047 0.224 0.116 0.302 0.141 0.282 
Accessibility by Car 0.341 0.377 0.122 0.196 0.204 0.061 
Accessibility by Pub!. 0.251 0.199 0.047 0.172 0.058 0.085 0.050 
Government apprais. 0.119 0.109 0.265 0.114 0.273 0.243 0.232 
Labour market 0.147 0.043 0.056 
Employment rate 0.071 
Urban character 0.061 0.027 0.063 
Rural character 0.106 0.199 0.074 
Image of neighbourh. 0.057 0.041 0.158 0.076 0.225 
Visibility of the site 0 .018 0.104 
Inconsistency rate 0,07 0.06 0.10 0.13 0,09 0.06 

0.11 ____ 

#experts 2 3 2 2 2 T-

scale was also used to measure performance on the other criteria. The table in figure 4 is 
an example of a generic table that is applicable to each land-use alternative for which it is 
relevant. The subtables relate to the second and third condition of the head table. In this 
case, all (terminal) conditions refer to measurable attributes of the site (or the site's 
surrounding). In cases where it was not possible to use an objective measure, conditions 
require a subjective judgement of an expert. 

5.3 Criterion Weights 
The AHP analysis resulted in a criterion (rows) by land-use (columns) matrix of weights 
shown in table 3. The last row shows the number of experts that provided assessments. 
An inconsistency ratio higher than 10 % is generally considered unreliable. The 
assessments of each expert were first tested against this rule. Inputs of each expert turned 
out to be useable in terms of this test. Weights shown in table 3 are based on average 
ratings per pair wise comparison across experts that provided the judgements. 
Inconsistency ratios at this aggregate level are all satisfactory. Inconsistency rates of 
models for Offices and Housing are relatively high but are still acceptable. 

Empty cells indicate irrelevance (zero weight) of the criterion for the land-use. 
There is a considerable variation in relative importance of criteria between land-uses 
according to the experts. Accessibility by car and public transport are among the most 
important criteria for Recreation, Retail & Leisure and Offices. Government appraisal is 
relatively important for Nature, Industrial (1 and 2) and Housing land-uses. Finally we 
mention that size plays a significant role only for Nature. 
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Figure 5: Structure of the DSS 

Decision 

Data base management 
• Internal attributes 
• External attributes 

Knowledge base 
• Decision tables 

• Criterion weights 

6. THE DSS: STRUCTURE AND IMPLEMENTATION 

The DSS allows users to develop a database of sites and evaluate candidate land-uses for 
each site based on the step-wise procedure represented in figure 2. Although the 
preference for a land-use also depends on economic performance, the present system 
focused on the suitability criterion implying that only steps 1 and 2 were implemented. 
The reason for this choice is that software for cost-benefit analysis is standard available 
and can be linked to the system in a straightforward way. 

The structure of the system, which was implemented as a Microsoft Excel 
template, is shown in figure 5. The data base management component supports entering, 
storage and range checking of attribute data of sites. The inference engine establishes 
relationships deftned by decision tables. The standard IF function in Excel provides a 
straightforward method of programming the dynamic links between attribute and 
criterion tables. The display generator uses standard Excel graphics functionality to 
display criterion scores at an aggregate as well as disaggregate level in the form of bar 
charts. Due to dynamic definition of models and graphs, entering new or changing 
existing values of attributes leads to automatically updating table and graph views of 
results. 
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The system supports scenario analyses at the level of attribute values and criterion 
weights. Decision tables and criterion weights are explicitly represented to allow users to 
verify and explain results. In contrast to decision tables, criterion weights can also be 
edited by end-users. This allows users to test sensitivity of a produced ranking of 
alternative land-uses for criterion weights that are used. In addition, scenario analysis at 
the attribute level is often relevant. Existing conditions of a site can often be changed as 
part of development of the site for a chosen land-use. For example, through 
complementary measures the quality of the environment of the site might be improved for 
land-uses such as housing and offices. Such scenarios can be implemented in the system 
through the standard available scenario management facility in Excel. Users can define 
and store a set of scenarios in terms of attribute changes and the report generator can be 
used to generate a report describing the assumptions and outcomes of each scenario 
examined. 

7 ILLUSTRATION 

To illustrate the system, this section describes an example of an application. The area of 
the site that is taken as an example has a size of approximately 16 hectare and is located 
in the southern part of the Netherlands. The area is surrounded by small-scale industry (of 
type 2 in our classification system) at two sides and delineated by a river and railroad at 
the other sides. 

The first step resulted in elimination of Office, Industry!, Retail & Leisure and 
Nature as optional land-uses. Office, Industry} and Retail & Leisure were rejected 
primarily because of a low appraisal of government for these land-uses as reflected in 
current regional policies. Nature was eliminated because this land-use doesn't match with 
Industry2 land-use surrounding the site. As an example, table 4 shows the results of the 
feasibility analysis of the Retail & Leisure land-use in terms of the attributes considered 
and conclusions generated by the decision table under concern at head table and subtable 
levels. 

Housing, Industry2 and Recreation were judged as feasible by the system and 
entered the second stage. Industry2 and Recreation obtained the highest suitability scores 
of3.8 and 3.7 respectively and Housing a somewhat lower score of3.0 on a 5-point scale. 
Industry2 obtains a high score in particular because the site is well accessible by car and 
this land use matches with existing industrial land-use in the surroundings as well as with 
current location policies of government. The high preference for Recreation can be 
explained by the good accessibility of the site by both car and public transport and the 
rural/green type of area in which the site is located. The relatively low score for Housing 
is caused by the existing industrial land-use in adjacent areas. 
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Table 4: Example of Decision Table Output: Feasibility Analysis of Recreation 

Feasibility of Recreation 
Government appraisal of Recreation land-use (5 point scale) 
Industry\ is present in an adjacent area 
Image of adjacent neighbourhoods 

Quality of the environment in adjacent neighbourhoods 
Quality of structural green 
Quality of buildings 
Nuisance of traffic 
=>Score (5 point scale) 

Criminality rate (#offences per year) 
Public safety 

Fringe groups are present 
Evidence of vandalism is present 
Quality of lighting 
Litter is present 
=> Score(5 point scale) 

=> Score(5 point scale) 
=>Recreation is feasible 

'=>' indicates a conclusion drawn by the decision table 

4 
no 

medium 
low 
none 

3 
225 

no 
no 
bad 

medium 
3 
3 

yes 

The ranking produced by the system corresponds with assessments of experts who 
considered this case. To date, several other sites have been evaluated using the system. 
Also in these cases, face validity of the system turned out to be satisfactory. 

8 CONCLUSIONS AND DISCUSSION 

This paper reported a DSS for land-use selection decisions. The DSS is developed to 
assist planners/consultants in generating proposals for re-development of a number of 
Dutch military sites that recently have become available for re-use. The proposed system 
combines decision tables and AHP as techniques for knowledge acquisition and 
representation. Decision tables are used to represent non-compensatory decision rules in 
feasibility and suitability judgements based on site attributes. On the other hand, AHP 
serves to derive weights defining compensatory relationships between criteria at a higher 
abstraction level. A group of experts was involved in constructing decision tables and 
assessing weights of criteria. A prototype system was implemented using general-purpose 
spreadsheet software. 

A KBS component is absent in most site-selection or land-use selection systems 
based on MCE that have been reported in the literature. In the proposed DSS, this 
component establishes relationships between measurable attributes of sites, on the one 
hand, and abstract decision criteria, on the other. Inventories of sites required to provide 
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input to the system, therefore, do not require judgements of (human) experts. This is 
considered an important advantage of the system over systems that support the MCE 
component only. At the same time, the open character of the system allows decision 
makers/experts to verify conclusions drawn and, if needed, to change conclusions, for 
example, to account for exceptional conditions in a particular case. 

We emphasise that the system is intended as a prototype. A full-fledged decision 
support system requires extra GIS as well as KBS functionality. A GIS component is 
useful for generating maps and analysing site attributes with a spatial character. As a 
KBS, the system lacks an explanation function. Users are able to trace reasoning steps, 
but this process is not automated in the current system. Furthermore, the system lacks 
(intelligent) facilities for editing decision tables. Adding condition variables and merging 
or splitting condition states are relatively cumbersome in the present system. However, a 
need for restructuring decision tables is inevitable in any domain, as knowledge is not 
static. Follow-up research could focus on extending the system along these lines. 
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Built Environment 

ABSTRACT 

Jan Dijkstra 
Harry J.P. Timmeirnans 

Bauke de Vries 

Eindhoven University of Technology 
Department of Architecture, Building and Planning 

Eindhoven 
The Netherlands 

This paper describes the outline of a multi-agent system approach for visualising 
simulated user behaviour within a building. This system can be used to support the 
assessment of design performance. Visualisation is of critical importance in 
improving the readability of design representations. Performance indicators of 
buildings depend on user reactions to design decisions. Architects are often faced with 
the problem to assess how their design or planning decisions will affect the behaviour 
of individuals. Various performance indicators are related to the behaviour of 
individuals in particular environments. One way of addressing this problem is to 
develop models which relate user behaviour to design parameters. For example, 
simulation models of pedestrian behaviour could be developed to support planning 
decisions related to the location of facilities in shopping malls, not yet existing. Agent 
technology will be implemented to develop a framework for building performance 
simulation. People moving across simulated space of a building environment are 
represented in terms of autonomous agents. Agents positioned within an environment 
have sensors to perceive their local neighbourhood and some means with which to 
affect the environment. The choice of a multi-agent system is motivated by its 
promise to simulate autonomous individuals and the interaction between them. 

1 INTRODUCTION 

Architects and urban planners are often faced with the problem to assess how their 
design or planning decisions will affect the behaviour of individuals. Various 
performance indicators are related to the behaviour of individuals in particular 
environments. One way of addressing this problem is to develop models which relate 
user behaviour to design parameters. For example, models of pedestrian behaviour 
have been developed to support design decisions related to the location of facilities, 
parking policies, etc. 
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Graphical representations and 3D simulations might be powerful tools to 
assess design performance in terms of such user behaviour. Therefore, we formulated 
a research project that aims at exploring the possibilities of developing such a tool in a 
virtual reality environment using multi-agent simulation and cellular automata 
technology. The particular problem of reference is to assess planning and design 
decisions related to the design of shopping malls in terms of pedestrian behaviour, 
which in turn will influence the performance of the mall. 

In a cellular automata (CA) model, space is represented as a uniform lattice of 
cells with local states, subject to a uniform set of rules, which drives the behaviour of 
the system. These rules compute the state of a particular cell as a function of its 
previous state and the states of the adjacent cells. An extension of the basic CA model 
allows the state of any particular cell to be influenced by more the states not only of 
the contingent cells, but also by the states of more remote cells. State changes may 
depend on the aggregate effect of the states of all other cells, or some subset of these. 
Another extension is to build models in which cells preserve state information and 
calculate their next state on the basis of their neighbours and their own history of state 
changes. 

Agent technology is implemented to build a framework for multi-agent 
simulation. Objects or people moving across the network are represented in terms of 
autonomous agents. Each agent will be located in a simulated space, based on the CA 
grid. Agents positioned within an environment need sensors to perceive their local 
neighbourhood and affect their environment. The choice of a multi-agent system is 
motivated by their promise to simulate autonomous individuals and the interaction 
between them (Gilbert and Troitzsch 1999). Agent technology is also used to simulate 
the outcome of the model and the simulation. Designers can use the system to assess 
the likely consequences of their design decisions on user behaviour. 

Point of departure is pedestrian movement within a shopping mall. The focus 
is on simulating pedestrian behaviour in a shopping mall and the choice mechanisms 
that are involved including where to stop, in what order, and which route to take. By 
taking a general modelling approach as opposed to a mere visualisation of an existing 
mall, we will get insight in this pedestrian behaviour and pedestrian flows in shopping 
malls, not yet existing. 

The paper is organised as follows. First, in sections 2 and 3, we will discuss 
some background of CA and introduce a CA model of pedestrian movement. Then, in 
sections 4 and 5, we will discuss agent characteristics and introduce the multi-agent 
simulation model. Section 6 will then discuss our particular ideas about a multi-agent 
model for visualising simulated user (pedestrian) behaviour. In section 7, the 
simulation model of pedestrian movement will be illustrated. We will finish with a 
brief discussion. 
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2 CELLULAR AUTOMATA BACKGROUND 

2.1 Principles 
CA are mathematical models of spatially distributed processes. They consist of an 
array of cells, each with a finite set of possible states. The purpose of the model is to 
simulate dynamic processes. The state of the cells evolves synchronously in discrete 
time steps as a function of its state and a set of rules, which relates the cell to other 
cells in the system. The basic definition of cellular automata can be formulated as 
follows: 

Cellular automata are discrete dynamical systems whose behaviour is 
completely specified in terms of a local relation (Wolfram 1994). 

We can characterise a cellular automaton by the following features: 
Cell- the basic element is the cell. Each cell can be in one of a finite set of possible 

states. For instance, the states could represent attitudes, individual 
characteristics, or actions. A state could also be seen as a property or an 
internal variable. 

Grid- the cells are arranged in a regular grid. The grid usually forms a 1-dimensional 
line of cells, a 2-dimensional rectangular array or a 3-dimensional network 
(cube). 

State- the state of a cell at any time step is determined by a set of rules in accordance 
with the principle of homogeneity. Homogeneity means that each cell is 
updated according to the same rules. The set of rules specifies how the state 
depends on the previous state of that cell and the states of the cell's 
neighbourhood. 

Time- the time evolution through the simulation is governed by discrete steps and by 
update rules according the principles of parallelism and locality. Parallelism 
means that the individual cell updates are performed independently of each 
other. Locality means that when a cell is updated, the state of a cell at time t+ 1 
is a function of its own state and the states of the cell's neighbourhood at 
timet. 

The state of a cell depends of the neighbourhood of the cell, that is the set of 
cells that it interacts with. In a grid these are normally the cells closest to the cell in 
question. The radius (r) refers to how many cells on either side are used to calculate 
the next state of a cell. Different definitions of neighbourhoods are possible. 

2.2 Formal defmition and dynamics of cellular automata 
As discussed before, cellular automata consist of an array of cells (grid) of some 
dimension d. A cell can be in one of s different states at a given time. At each discrete 
time stamp, each cell may change its state in a way determined by the local transition 
rules of the particular cellular automata. The transition rules describe precisely how a 
given cell should change states, depending on its current state and the states of its 
neighbours. All cells are updated synchronously. Thus the state of the entire grid 
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advances in discrete time steps. Which cells are in the neighbourhood of a given cell 
must be specified explicitly. 

Let G be a grid of dimension d (the cells are the elements of G), Sis a finite set 
of cellular states, N is a finite set (of size n =IN]) of neighbourhood indices such that V; 
EN, v. E G: i +X E G. 
To obtain a cellular space we associate with G, the following is applicable: 
• The neighbourhood function g, defined by g(x) = {x + y, , x + y2 , • • • , x + y.} for 

all x E G and wherey; (i=l,2, ... , n) EGis fixed. 

• The structure (S, s0, f) is called a finite cellular automaton, s0 is a distinguished 
element of S called the quiescent state, andfis the local transition function from 
n-tuples of elements of S into S. The function/ is subject to restriction, f(s0, s0, 

... , So)= So. 

• The state s'(x) of a cell at time t is precisely the state of its associated automaton 
at time t. Each cell x is connected to the n neighbouring cells x+y, , x+y2 , ••• , 

x+y •. One of the neighbours of x is x itself and therefore we assume that y,=O. 

• The neighbourhood state function h' : G -7 S" is defined by h' (x) = (s'(x), s'(x+y2), 

.. .. , s'(x + Y.)). 

• The neighbourhood state of a cell x at time t is related to the cellular state of that 
cell at timet+ 1 by f(h' (x)) = s ,.,(x). 

• A configuration C, : G-7 S is a function that associates a state with each cell of 
the grid. The effect of the transition function f is to change the configuration C, 
into the new configuration C,.._, according to C,.._, (x) = f( {C,(i) I iE N(x)}). 

Thus, cellular automata are dynamical systems in which space and time are discrete, 
where local interaction rules to global dynamic behaviour in time. 

2.3 Cellular automata models 
CA models have been applied in a variety of domains. In the context of urban design, 
especially models that try to simulate the evolution of urban systems have been 
popular. CA models that simulate movement patterns are less well known. For 
instance, CA models for road traffic have only received a great deal of interest during 
the 1990s. A road traffic CA model seemed suitable to an urban environment. Nagel 
and Schreckenberg ( 1992) have analysed vehicular movements with a CA car
following model. The dynamics of CA models can be discussed using their model 
'velocity dependent rules' -model, where the focus is on the occurrence of metastable 
states or the synchronised traffic (Barlovic et al. 1998) as an example. This simulation 
model can be used for large-scale networks and because of the speed capability of the 
model even for traffic assignment and traffic forecast purposes (Esser and 
Schreckenberg 1997). 

TheCA works as follows. The road is divided into cells, each 7.5 meters long. 
Every cell is either vacant or occupied by a vehicle with a discrete velocity v that 
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takes values from 0 to a maximum velocity v-max. The gap is the number of empty 
cells between two consecutive vehicles. 

Figure 1: Cellular automata model of traffic flow 

To simulate the transportation system of a large region dynamically, three 
things have to be known and modelled: who wants to go where at what departure time 
(destination choice), which route to the destination is selected (route choice), and 
finally how the locomotion along this route is performed (travelling). 

The generalisation of CA models from simulated traffic flows to pedestrian 
movement is considerably more complicated. While car movements are restricted to 
channelised lanes, pedestrian movement is a complex and chaotic process. 
Nevertheless the available evidence (Blue and Adler 1998) indicates that: CA models 
are powerful tools to simulate pedestrian movement. 

In 'modelling and simulation of pedestrian traffic flow' (Lavas 1994) a 
simulation tool is presented to estimate the relevant performance measures of the 
pedestrian traffic system. Also, a stochastic model is presented based on (i) any 
pedestrian facility may be modelled as a network of walkway sections, and (ii) 
pedestrian flow in this network may be modelled as a queuing network process, where 
each pedestrian is treated as a separate flow object, interacting with other objects. 

Still considerable more fundamental work needs to be conducted. The studies 
mentioned above have only illustrated that simple rules can be used to simulate 
movement, but none of these studies have addressed the wider problem of activity 
agendas, let alone the problem how design parameters influence pedestrian decision 
making. The latter problem has been addressed in another literature (e.q. Borgers and 
Timmermans 1986; Timmermans et a! 1992; Kurose et a! 2000) but these different 
approaches still need to be linked. 

3 A CELLULAR AUTOMATA MODEL OF PEDESTRIAN MOVEMENT 

A CA model is used to simulate pedestrian movement along the network of the 
system. The network is the three-dimensional CA model represented by the graphical 
representation of a state at a certain time. The refinement of the network will be 
expressed by the format of the network, for example a cube of size one-meter. If a 
user-agent moves over the network, the occupied cell left behind changes into an 
empty cell and another cell will be occupied. 
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The navigation speed v is the number of cells that are crossed during an update 

time-step Lit. The speed can be influenced by the occupation of other cells in the 
neighbourhood. 

We defme a regular lattice of some width Wand length L, and density that 
represents the mesh of the network. Cells within the lattice are given the notation c,JJ• 

where lsisW and lsjSL, and t indicates the cell-type where IE {empty, decision, 
wall). Empty means the cell belongs to the walkway. Decision means the cell belongs 
to the decision-point area (e.g. a T-junction) where the pedestrian takes the decision 
where to go. Wall means that the cell is part of a wall, shop etc. 

We define a cell x (actually c,,iJ) in the pedestrian walkway to be on (s(x)=l) if 
it is occupied by pedestrian Pn• otherwise it is off (s(x)=O). Also we define a density 

size 8_ (x) which shows the activity around cell x; it shows the number of neighbours 
in an on state in relation to the total number of neighbours in the Moore 
neighbourhood of cell x with radius r. In a d-dimensional grid with a Moore radius r, 
the number of cells n in the neighbourhood of cell x (x included) = (2r+ 1 t The 
updated cell x depends on the on states of all cells in the neighbourhood N of x (N(x)). 
To summarise the transition of a state of a cell, 

st(x) = 0--+ s1+1 (x) = 1 ,if hit by an object or an user-agent; 

,t( ) _ 1 1+1( ·) _ { l,ifcellaclivityremains 
S X - --+ S X - O,ifau.~eragentlefllhecellbehind 

" bAst+l(x)) = (l:((st+I(x+y;))/n); where 
i=O 

Yi E N(x),yo = O,n = (2r + 1)d 

The CA microsimulation proceeds in time steps. In each time step lane 
assignment and speed updates change the positions of all pedestrians according to 
local rules applied to each pedestrian. During a forward movement of a pedestrian 

based on the original speed, for instance 2 cells/Lit, the rule set follows: 

Rulel: check decision-point 
IF decision-point is passed THEN goto Rule3 ELSE goto Rule2 

Rule2: check cell-type 
IF cell-type='decision' 
THEN examine the behaviour of the pedestrian, which direction the pedestrian 

eventually wants followed by a turn in that direction; decision-point will 
be passed 

ELSE goto Rule3 

Rule3: check cell 
IF cell isn't occupied by a pedestrian and celltype='empty' or celltype='decision' 
THEN Walk ELSE goto Rule4 

Rule4: check adjacent cells 
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IF the cell over to the left (right) isn't occupied by a pedestrian 
THEN Move to the left (right) cell ELSE Wait 

It is clear that more complex rules must be examined, such as gap computation rules, 
update velocity using acceleration or deceleration. But also, possible goals in the 
simulation and objects into which a pedestrian cannot move. 

4 AGENT TECHNOLOGY: BACKGROUND 

The term agent became widely discussed in the Distributed Artificial Intelligence 
(DAI) field. A central issue of DAI is how to allow autonomous agents to model each 
other to reason about the activities of other agents. The research effort focuses on 
answering the question of the suitability of an agent based approach to design, starting 
from a domain dependant description of tasks, development of agents for different 
functions, finding a communication protocol or common language and applying the 
developed environment on specific domain problems. The dynamic characteristics of 
agent systems present the opportunity to create new types of applications that can 
integrate several approaches in application development. 

The agent research literature is rich of a variety of definitions of an agent. 
There are almost as many definitions as there are agents. There is no real consensus 
on what constitutes an agent. According to Russel and Norvig (1995), an agent is just 
something that perceives and acts. Dependent of their roles, skills and environment, 
an agent has his own capacity. 

Agents are computational systems that inhabit some complex dynamic 
environment, sense and act autonomously in this environment, and by doing so realise 
a set of goals or tasks for which they are designed (Maes 1994). 

Wooldridge and Jennings (1995) establish that, if many people are 
successfully developing interesting and useful applications, it hardly matters that they 
do not agree on potentially trivial terminological details. They distinguish two general 
usage of the term agent: the first is weak and relatively uncontentious; the second is 
stronger, and potentially more contentious. The weak notion of agent is often used as 
a reference. Wooldridge and Jennings (1995) defines an agent as a hardware or (more 
usually) software-based computer system that enjoys the following properties: 

Autonomy: agents operate without the direct intervention of humans or others, and 
having direct control over their actions and internal state; 

Social ability: agents interact with other agents (and possibly humans) via some kind 
of agent-communication language; 

Reactivity: agents perceive their environment, (which may be the physical world, a 
user via a graphical user interface, a collection of other agents, the Internet, or 
a simulated world with other agents), and respond in a timely fashion to 
changes that occur in it; 
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Pro-activeness: as well as reacting to their environment, agents are also able to exhibit 
goal-directed behaviour by taking the initiative. 

Wooldridge and Jennings (1995) point out that for some researchers the term agent 
has a stronger and more specific meaning. These researchers mean an agent to be a 
computer system that, in addition to having the properties identified above is either 
conceptualised or implemented using concepts that are more usually applied to 
humans. For example, you can have in mind an agent using mentalistic notions, such 
as knowledge, belief, intention, obligation and even emotion. 

Multi-agent systems are designed as a collection of interacting autonomous 
agents, each having their own capacities and goals that are situated in a common 
environment. This interaction might involve communication, i.e. the passing of 
information, from one agent to another and their environment. Research here is 
concerned with co-ordinating intelligent behaviours among a collection of 
autonomous agents; how these agents co-ordinate their knowledge, goals, skills, and 
plans to take action and to solve problems. All agents' actions are derived from rules 
embodied into the agent, which depend on local information accessible to the agent. 
An agent possesses some sensors to perceive the environment within it moves, and 
some effectors to act in this environment. In the given architecture of an agent (Figure 
2.), the Production System and the intrinsic State determine its behaviour. 

Figure 2: Architecture of an agent (adapted from Chantemargue et el. 1996 

5 MULTI-AGENT SIMULATION MODELS 

The development of multi-agent systems offers the promise of simulating autonomous 
agents and the interaction between them. Simulations with complex behaviour can be 
built using the ideas of cellular automata, and such simulations can model social 
dynamics where the focus is on the emergence of properties of local interactions. 
Therefore, in our opinion, cellular automata form a useful framework for a multi
agent simulation model that can be used for network decision analysis. 

We will use simulation as a particular type of modelling; building a model is a 
well-recognised way of understanding the world. The uses of simulation are (i) to 
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obtain a better understanding of some features of the world, and (ii) we can develop a 
model that truly reproduces the dynamics of some behaviour. 

One of the characteristics of the (complex) system is that behaviours evolve 
dynamically during the simulation. Evolution capabilities should then be given to 
behaviour-agents when designing the system, such as: 
• Evolution of the agent's environment (neighbourhood); reflects the emergence of 

structures (also called self-organisation). 

• Evolution of the agent's behaviour during the simulation, decomposed in: 

• Adaptation of the behaviour according to knowledge and environment 
evolution, i.e. improvement and adjustment to the environment (self
adaptation or anticipated behaviour). 

• Description of non-predictable behaviours (unplanned behaviour). 
Sometimes, from the analysis of the best actions of the system, some rules 
can be generalised that lead to prediction of behaviour. 

6AMANDA 

6.1 Motivation 
In this section, we describe how cellar automata and multi-agent technology can be 
combined to develop a model of how people move in a particular 3D (or 2D) 
environment. We called that AMANDA (A Multi-Agent system for Network Decision 
Analysis). 

People are represented by agents, and the cellular automata model is used to 
simulate their behaviour across the network. In this environment, agents can have 
particular targets such as a starting point and destination point, or a series of stops, but 
also the route of shortest duration or the most attractive route. Interaction between 
agents is also an issue: for example, more agents will decrease the speed of 
movement. There are also opportunities to stop for window-shopping and/or to start a 
conversation. Thus, the application of cellular automata implies the possibility to 
simulate how an 'agent'-user moves in a given environment, dependent of the 
behaviour of other agents in the system. 

Consider the design of a shopping centre. Critical performance indicators 
related to user behaviour include the distribution of visitors across the centre, ease of 
navigation, pedestrian expenditures as a function of layout, and functional 
characteristics of the centre and its shops, etc. A simulation model would allow the 
designer to assess how design decisions influence pedestrian movement, and hence 
these performance indicators. To conceptualise this problem, on might assume that 
pedestrians have a list of activities they want to complete while visiting the shopping 
centre. They will try to realise these goals by navigating through the centre. In terms 
of a cellular automata model, this means that they will move one or more cells 
forward in the network, dependent of the speed of the pedestrian flow. Their 
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behaviour can also be affected by avoiding certain parts of the environment or by 
unplanned circumstances such as signage and window-shopping. 

6.2 Agents structure 
We will distinguish various agent types in the model. There are user-agents that 
represent people (pedestrians) in the simulation. We call the individual that is 
supposed to walk through the environment a subject-agent and all other simulated 
pedestrians in the system actor-agents. Thus, subject-agent and actor-agents are user
agents that navigate in the virtual environment network, each with their own 
behaviour, beliefs and intentions. A belief is the internal, imperfect representation of 
the virtual environment including the state of other user-agents, on which their 
decisions are based. We must view behaviour as the interaction between the user
agent and the environment. For the subject-agent, this behaviour is not an attribute of 
the agent, but rather lies in the mind of the subject alone. The researcher will 
determine an actor-agent's behaviour, which is draw up by a behaviour-agent. We will 
make a distinction between inter- and intra-agent. An inter-agent interacts with the 
environment and communicates with other agents. An intra-agent performs a task 
within an agent. A behaviour-agent performs a task within the user-agent. We could 
consider styles of behaviour like choice behaviour, anticipated behaviour and 
unplanned behaviour. In addition to a behaviour-agent, we also distinguish other intra
agents. Other intra-agents fulfil the intentions of a user-agent to reach a destination 
(goal) and/or to carry out a list of activities (plan). Elaborated on intelligent agents 
(Wooldridge 1999) and Belief, Desire, Intention (BDI) architectures (Fisher et a!. 
1998), we will define an user-agent as: U = < R I S >, where 
• R is a finite set of role identifiers. It represents the enumeration of all possible 

roles that can be played by user agents. At first, we will restrict the set of role 
identifiers to {actor, subject}. Later on we can differentiate the role of an actor
agent. This description is a general notification of the user-agent taking into 
account that these agents are pedestrians with the behaviour speed and movement. 
Speed and movement are controlled by behaviour-agents. 

• Each user-agent receives a scenario S in the simulation, which represents the 
attitude and intentions of the user-agent. We will define S by: S = < B, I, A, F, T>, 
where 

• B represents the behaviour. Each user-agent i has a list of behaviour-aspects 
from {B;}. 

• I represent the intentions of a user-agent i, which is a list of intention-aspects 
from {I;} . 

• A represents the activity agenda of a user-agent i to perform the intentions 
({A;}). The activity agenda is a successive list of activities. Each activity 
includes a certainty factor that determines the priority of that activity. A 
priority hierarchy may be part of the activity agenda. Thus the activity 
agenda represents the activities that a pedestrian plans to conduct during the 
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visit to a shopping mall or public space. We assume that the activity agenda 
is time-dependant to allow changes in the agenda during the visit. 

• F represents the knowledge or information about their environment, which a 
user agent i possesses ( {F;} ), which is called Facets. Part of these facets is 
amongst others beliefs, awareness, experience, preference and choice. All 
these facets are dynamic and may change over time in the simulation loop. 

• T represents the time-budget each user-agent possesses. 

In each simulation loop an update of the user-agent's scenario will be realised due to 
rescheduling of activity decisions, perceptions of the environment and adaptation of 
time-budget. The user-agent's scenario outcome influences the role of the user-agent. 
The pedestrian movement and therefore the simulation of the pedestrian traffic flow 
will be affected. 
As to inter-agents, we distinguish among others between an interface-agent for 
assisting the user-agents in the virtual environment and a monitoring-agent for 
monitoring the simulation process. In the simulation process, we also distinguish 
system components such as a conjoint-measurement component for subject's 
preference measurement and a decision-support component to assist the researcher or 
designer in a decision process about the design concept evaluation. The 'cellular 
automata' component will simulate the evolution of the simulation model. 

Figure 3: Framework of the agents' structure 
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A framework for the agents-structure is given in Figure 3, which focuses on the 
interaction with a virtual environment. There is an intuitive communication between 
the subject-agent and the interface-agent. 

We will integrate the agents' structure in our proposed system. We will 
incorporate features like the dynamic aspects of pedestrian choice behaviour, and the 
relationships between individual choice process and emergent aggregate patterns. 
Given the activity agenda, the pedestrian is faced with the multi-faced problem of 
deciding where to conduct the activities, in what sequence, and which route to take. 

7 SllvruLA TION MODEL OF PEDESTRIAN MOVEMENT 

Figure 4 is the graphical notation that expresses the simulation process where 
pedestrians are represented by actors. 

Figure 4: Graphical notation that expresses the simulation process based on UML 
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In our simulation model, we will get insight in the pedestrian activity 
behaviour in shopping malls, not yet existing. This will be of great importance in the 
assessment of design performance. 

Not only in the realisation of new building designs but also in the 
revitalisation of existing buildings. In the basic design cycle defined as a sequence of 
stages that describe the various phases of design (Roozenburg and Eekels 1996) our 
simulation model is very useful in the simulation of preliminary designs to see what 
its performance will be. As an evaluation, the simulation outcome can be compared 
with the design criteria. A choice can be made which alternative of a preliminary 
design is satisfactory. This decision results in an approved design. 

Initially, we will realise different graphic representations of our simulation: (i) 
an actor-based view to represent the pedestrians in the simulation, (ii) a network-based 
view to represent the density size of occupied cells in the network, and (iii) a main 
node-based view to represent the main decision points in the network and the decision 
points which are arrived. 

Figure 5: An example of an actor-based view and a network-based view to 
represent the density size 
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The implementation of a user scenario is a complex process. It has a great impact on 
the rules set of the cellular automata. Shopping walkways are divided in decision 
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areas. In these decision areas, the pedestrian (user) decides how to continue his 
walkway. The decision could result in the action = {forward, backward, right, left, 
pause, stop, avoid}. All these actions are part of the CA rules set and result in an 
adaptation of the walking speed in the update of the simulation step. The simulation 
shows the dynamics of the system. To get a first impression of our approach, we 
design a simulation experiment of pedestrian movement. In the simulation, 
pedestrians (actor-agents) possess a restricted scenario. They move through a 3D 
environment with a certain speed and final destination. We consider a T-junction 
walkway where pedestrians will be randomly created at one of the entrances. Figure 6 
gives an impression of the CA grid with pedestrians, represented by arrows and actor
number, moving along the network. The figure shows the walkway intersection as a 
decision area. The grid definition is loaded on creation. 

Figure 6 Cellular automata grid 

For visualising the dynamics of our system, the built environment is essential. The 
built environment influence pedestrian's behaviour and their activity agendas. For 
instance, there are activities that should be absolutely completed, whereas other 
activities have a lower priority. Let {A'cJ denote the set of activities that need be 
completed at time t, and let {A'o.J repr~sent the activities that are optional, so that 
{A' c) u {A'0. ;} = {A';}. An activity agenda may change during a visit. Figure 7 gives 
an impression of the visualised simulated pedestrian movement. 
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Figure 7 Visualised pedestrian movement 

7 DISCUSSION 

In the present paper, we have discussed the concept of a multi-agent system for 
visualising pedestrian activity, based on cellular automata. In the built environment, 
the use of the concept of celhdar automata in the context of multi-agent teclmology 
can simulate complex behaviour. The development of a multi-agent system offers the 
promise of simulating autonomous individuals and the interaction between them. 

We have described a simulation of pedestrian movement to illustrate our 
approach. The experiment with aT-junction looks very well, especially the 3D view 
of the simulation. 

The ultimate test of the relevancy of such a system depends on empirical 
evaluation. Starting from the presented model in the paper, we plan to extend the 
simple model with limited user-agents (pedestrians) with restricted behaviour and 
learn from this system to simulate user behaviour. Based on the experiences with such 
a system, we then plan to develop, test and apply a full-blown system. 
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Risk assessment for single investment projects using Monte Carlo simulation of the associated 
discounted cash flows was already proposed in the late sixties. The paper extends the concept to a 
portfolio of a multitude of real estate projects with different starting dates, different lifetimes and 
different risk profiles. The proposed methodology enables establishing the risk profile of such a 
portfolio of projects and how that risk profile changes when a new project is added to the portfolio. 
This will provide a potential investor with relevant information for his investment decision, which is 
not only related to the project concerned, but also to the investments made in the past that constitute his 
current portfolio. This feature is of interest to real estate funds on the stock exchange. Another 
interesting feature of the method is that it enables assessing the impact of the renovation of an existing 
building on the risk profile of the portfolio. The associated computer programme is described and an 
illustration of the output is given. This decision support instrument may significantly improve the 
dialogue between architects and urban planners on the one hand, and investors on the other. 

1 INTRODUCTION 

Architects and urban planners have to conununicate effectively with financing parties 
- investors, housing associations, and politicians - if they wish their projects to be 
implemented. Communication between architects or urban planners on the one hand 
and financing parties on the other tends to be cumbersome in practice as a result of 
their completely different mindsets. The investors mistrust the architects, especially in 
regard to cost estimates. The architects, from their part, resent the investors whenever 
their creations are considered to be too expensive and even more so when these are 
rejected because it is felt that there is already too much risk in the portfolio of the 
investor concerned. 

The communication can only be improved if both parties try to have an open 
eye for the other party's interests. They have to attempt to speak each other' s 
language. In this paper, we will offer a concept to architects, which will enable them 
to communicate with investors in terms that appeal to financially oriented people. 
Investors are, in general, not so much interested in the return on one single project but 
rather in the return on their entire portfolio of projects. As a corollary, the architect 
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should not only discuss the merits of his own project, but also be able to talk about 
how his project will affect the risk profile of the existing portfolio of the investor. 

Monte Carlo simulation for risk assessment of single projects has proven to be 
of great practical value, in particular to trade-off moderate return-low risk options 
against high return-high risk alternatives (Hertz, 1969; Van Gunsteren, 2000). Theory 
for decision making related to expected return and risk in a portfolio of projects was 
already established in the nineteen fifties by Nobel prize winner Markowitz ( 1952). 

In this paper, we combine these two concepts into one methodology, which 
enables a Monte Carlo simulation to be carried out for a portfolio of projects with 
different starting dates, different lifetimes and different risk profiles. The 
methodology makes it possible to establish how adding a new project to an existing 
portfolio will affect its risk profile, i.e. the probability distribution of the expected 
return. 

The effect of the renovation of an existing building on the risk profile of the 
portfolio the building belongs to can also be established, since the renovation can be 
processed as if it were a new project. The concept also allows comparison between 
the risk profiles of different portfolios, which is of interest to real estate funds on the 
stock exchange. 

Our concept for portfolio risk analysis can also be useful for single real estate 
investment projects which are made up of parts serving fairly independent markets. 
For example, a tower consisting of, say, eighty floors with offices, shops and hotels 
can be processed as a portfolio of three projects with three different risk profiles. The 
Monte Carlo simulation then provides useful decision support information to the 
investor related to the decision how to distribute the available floor area over offices, 
shops and hotels. 

The proposed methodology may significantly facilitate communication 
between architects and investors, because it not only deals with the risk profile of the 
project under consideration but also how the proposed project will affect the risk 
profile of the investor's existing portfolio. 

2 RETURN ON A REAL ESTATE INVESTMENT 

Financial return on investment, allowing trade-offs between benefits and costs, always 
plays a role in discussions between architects on the one hand and future users of the 
building and financing parties on the other. 
Two discounted cash flow criteria are in use: Net Present Value (NPV) and Internal Rate of Return 
(IRR). We prefer the internal rate of return, because it is the criterion that enables the 
establishing of preferences for projects with different sizes. Contrary to general belief, 
there is an overabundance of money in this world along with a shortage of good 
projects. Investors have to invest; they have to do something with their money. They 
will, in general, invest into the projects giving the best return, i.e. showing the best 
IRR. The Net Present Value, NPV , of a project is: 

119 



NPV=I C; 
i=o (1 + r); 

(2.1) 

where: 
C; =cash flow (positive or negative) in year i; 
r =(yearly) cost of capital (as a fraction of that capital); 
m = lifetime of the project in years. 

In general, the cost of capital r is closely linked with inflation. 
The Internal Rate of Return, IRR, is the value of r for which NPV = 0: 

f C; j =0 
i=O (1 +lRR) 

(2.2) 

In real estate financing, the cash flows can be characterised by: 
A large investment I, i.e. negative cash flow, at the start of the project; 
A yearly net exploitation result E, i.e. the difference between the yearly exploitation 
revenues and costs; 
A rest value Vat the end of the project. In real estate investments V constitutes the 
selling price at the end of the lifetime. 

The formulae for NPV and IRR can then be simplified to: 

and 

m 1 V 
NPV=-l+E.L --.+-

;~~ (l+r)' (l+rt 

m 1 V 
0=-l+E.L: . +--

i= l (1+/RR)' (l+rt 

(2.3) 

(2.4) 

The profit Pis defined as the return made above the cost of capital (or inflation) r, so: 

IRR = r+P 
Usually, it is this profit P in which we are primarily interested. P should be sufficient 
to reward the financier for the risk involved compared to investment alternatives. If 
that reward is too low, the project cannot be financed. 
It should be noted that in equation (2.4) the rest value V- i.e. the selling price of the 
premises at the end of the lifetime - is taken into account by discounting for inflation 
but not for profit above the cost of capital. The reason for doing so is that we wish to 
trade off investment against return from exploitation, not from land speculation. To 
include speculation profit on the sales of premises, the last term in equation (2.4) must 
be replaced by V/(1 +JRR;m. In practice the difference is negligible. 
The profit P has to be found from: 

m . V 
0=-1 +E."'x' +--m 

i=l (1 + r) 
(2.5) 

120 



where 

x=---
l+r+P 

(0 < X< 1 ). 

n-l . 1- x" '" . 1- x'"+l 
The sum of the geometric series L x' = --, so: L x' = --- -1 , 

i• O 1- X i=l 1- X 

which can be written as: 

i:X; = x(l-x'") 
i=I 1-x 

Inserting in (1) and rearranging terms gives: 

where 

Q+x'"+' 
x ==---

l+Q 

I--v-
Q= (l+r)'" 

E 

(2.6) 

(2.7) 

This equation, of the form x = f (x), can be conveniently solved using Wegstein's 
iterative procedure (Wegstein, 1958). 

3 MONTE CARLO SIMULATION FOR A SINGLE REAL ESTATE 
INVESTMENT 

In the real world, the variables I, r, E, and V will never have the same values as 
assumed in the investment calculation described in the preceding section. We can, 
however, estimate risk profiles for these variables, i.e. probability distributions for 
their occurrence. 
Risk assessment by introducing probability distributions for variables entailing risk 
was already advocated by Hertz (1969) in the late sixties. The probability 
distributions of the variables determining the return on investment are the basis of 
Monte Carlo simulations as shown in Figure 1. 
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Figure 1: Monte carlo simulation for a real estate investment 

THE PROCESS STOCHASTIC VARIABLES 

Instead of making one estimate for each variable that affects the return of investment, 
three estimates are made: 
A pessimistic estimate, defmed as having a probability of 10% that reality will be 
worse than that; 
A best guess; in general, this value represents the outcome of a cost-benefits 
calculation; 
An optimistic estimate, defined as having a probability of 10% that reality will be 
better than that. 

These three points determine the probability distribution for the variable 
concerned. With these distribution curves, Monte Carlo simulation finally gives the 
probability distribution for the return on investment. 

The arithmetic of the Monte Carlo simulation is simple: whenever a risk 
variable enters into the calculation, a random number generated by the computer is 
corrected with the (skewed) distribution of the variable concerned. The calculation is 
done, say, 2000 times. The resulting 2000 different outcomes for the return on 
investment provide the probability distribution of the return on investment. 

This approach has two important advantages compared to conventional 
investment analysis based on single values: 
1. It allows trading-off moderate return - low risk investments against high 

return - high risk investments. The decision support information provided by 
the two different risk profiles is extremely relevant for an investor. 

2. By asking experts a range instead of a single estimate, they tend to be genuine. 
When people are asked to give only one estimate, they tend to give their 
pessimistic guess without saying so. 

An underlying assumption of Monte Carlo simulation is that de variables involved are 
stochastically independent. 
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The trade-off of a moderate return-low risk against a high return-high risk alternative 
often boils down to choosing between an inexpensive option X and an expensive 
option Y. For instance, should we spend extra money for a prestigious entrance and a 
large parking lot or should we keep the investment as low as possible? The former -
the expensive option - is more risky in the sense that users may not be prepared to 
pay extra rent for the nice entrance and the parking area. There is also a reasonable 
chance, however, that they will be prepared to pay more for it than its (discounted) 
cost. In that case the fmancial return will be higher than for the inexpensive option (no 
prestigious entrance and only a limited parking lot). The probability curves for the 
financial return of the inexpensive and the expensive options are typically as shown in 
Figure 2. 

Figure 2: Tbe investment dilemma: moderate return, low risk versus high return, 
high risk 

Inexpensive option "X": 
moderate return , 

low risk 

FINANCIAL RETURN (NPV or IRR) 

The probability P that the return will be above a rninimwn threshold R is (Figure 3): 

co 

P(R) = JPdR (3.1) 

k 
If the investor prefers a moderate but sure return, he should choose option 'X'. 
Conversely, if he wishes to go for a more ambitious return and is willing to accept the 
associated higher risk, then he should choose option ' Y' . The difference between the 
two risk profiles is caused by the associated probability curves of the rent users will 
be prepared to pay. 

Since the variables investment/, cost of capital r, net exploitation revenues£, 
and rest value Vas defined in the preceding section, are stochastically independent, a 
Monte Carlo simulation can be conducted based on ranges specified for these 
variables. 
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Figure 3: Risk profiles of two investment options 
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We have developed a software package for this purpose. The input consists of the 
lifetime m and the ranges (specified by three values) for the variables investment I, 
cost of capital r, yearly net exploitation E, and rest value V. The output gives the 
probability distribution for the profit P and a sensitivity analysis based on the best 
guess estimates. An illustration of the output is given in Figure 4. 

Figure 4: Output illustration of Monte Carlo simulation 
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4 MONTE CARLO SIMULATION OF A PORTFOLIO OF REAL ESTATE 
INVESTMENTS 

Real estate investors are primarily interested in the risk profile (probability 
distribution of expected return) of their portfolio of projects. What we need, therefore, 
is a method to conduct a Monte Carlo simulation for a portfolio of projects with 
different starting dates, different lifetimes and different risk profiles. Any project, j, 
of a portfolio of N projects has a past (indicated by subscript P) and a future 
(indicated by subscript F). The NPV is the sum of the NPV over the past and the 
NPV over the future : 

NPV = NPVP + NPVF (4.1) 

The NPVPj over the past - at the present time, in money units of the present time - of 

project j is: 

Lp/ 

NPVPj = YLPJ .(-IPj + VP) + EPj.,L/ (4.2) 
i=l 

where: 

y = 1+ rp 

rP =cost of capital over the past lifetime of project j 

LPj =past lifetime of project} 

LFJ =future lifetime ofprojectj 

I Pj =investment made at the start of project}, in money units of that point 

in time 

VPj =rest value of project}, at the end of LFJ, in money units at the start of 

the project; selling price of premises at the end of LFi is 

E Pj =yearly net exploitation result of project j over the past lifetime LPj, 

in money units at the start of the project. 

Inserting sum formula (2.6) for the geometric series gives: 

Npv L Pj (I v) E y(1-/j) 
Pj ::: Y • - Pj + Pj + Pj" '----(

1
-_-'-y-) "'-

The net present value NPVFJ over the future of project j is: 
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LFJ 

NPVFj = EFFLx' (4.4) 
k=l 

where: 

x=---
1+rF +P 

Inserting sum formula (2.6) for the geometric series of the last term gives: 

NPV . = E . x(l-xL'; ) 
FJ FJ (1 - X) (4.5) 

We are interested in the profit P for NPV = 0. This means that we have to find the 
root x from: 

(4.6) 

Rearranging terms gives: 

X = ___ :__j =_l -;-;---
N 

(4.7) 

NPV"- IEFj 
j=l 

where: 

N 

NPv; = INPVPj. 
j =l 

The equation (4.7), of the form x = f(x), can be solved using Wegstein's iterative 
procedure (Wegstein, 1958). 

The Monte Carlo simulation for the entire portfolio can then be conducted in 
the same way as for a single investment project. The input for this option of our 
software package consists of the number of projects Nand for each project: 

LP,LF ,I P•EP ,VP ,rP (single values) 

Ranges (three values) for E F and r F . 

The output gives the probability distribution of the expected return (profit) for the 
portfolio as shown in the lower left corner of Figure 4. 
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5 CONCLUSIONS 

1. Architects and urban planners should try to communicate with financing 
parties - investors, housing associat,ions, politicians - in terms that appeal to 
financially oriented people. 

2. Monte Carlo simulation for a single real estate investment provides relevant 
information to trade-off inexpensive moderate return-low risk options against 
expensive high return-high risk alternatives. 

3. The investor is primarily interested in how a proposed new project will affect 
the risk profile- i.e. the probability distribution of the expected return -of his 
existing portfolio. The paper provides a methodology for this purpose. 

4. The concept proposed for portfolio risk analysis can also be useful for single 
real estate investment projects which are made up of parts serving fairly 
independent markets. 

5. The concepts offered constitute a decision support instrument, which may 
significantly improve the dialogue between architects and investors. 
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ABSTRACT 

The past decades planning and design of infrastructure has increasingly become the subject of public 
discussion. Especially where it concerns large projects, aggrieved parties no longer easily accept their 
fate in service of the public interest. And because public participation is encouraged in a modem 
planning process, this critical eye is cast from an early stage on. This situation necessitates an increased 
quality of the products of early planning and design phases. Potential Surface Analysis (PSA) is a 
method that evaluates the suitability of an area of study for development of infrastructure, prior to the 
design of alternative routes. The results of this analysis can support this design in a major way, thereby 
improving the quality of design at the earliest stage. Unfortunately, a fully operational implementation 
of PSA has not yet been developed. An important cause for this lack, is that the common way of 
obtaining impact scores is incompatible with PSA. At present determination of impact (or suitability) 
scores relies heavily on expert judgement. lbis is a practical way to obtain accurate scores, but the 
evaluation takes far too much time to be feasible for the extremely large quantity of scores needed for 
PSA.A model implementation in a geographic information system (GIS) could provide a way out of 
this problem, having a computer perform the necessary evaluation much faster than any human could. 
However, this approach would necessitate a more scientific way of scoring, using explicit formulas 
instead of expert judgment. This study explores the feasibility of such an implementation. A systematic 
modeling approach, a model classification and a toolbox were developed. These in tum were used for 
successful implementation of pilot PSA-models for three different criteria, namely costs of 
development, noise nuisance and cutting up of spatial entities. These results confirm that this approach 
is indeed likely to yield an operational model for PSA. 

I INTRODUCTION 

During the last decades, finding new routes for infrastructure has become increasingly 
complex. A growing number of parties, each with different goals, participate in the 
process, while available space grows ever more scarce. Tolerance for the external 
effects, like noise and visual nuisance, is decreasing (Sanders and De Boer 1998). 

In this turbulent process, a methodical approach, and a sound argumentation of 
(design) decisions is of increasing importance. Consequently, detailed evaluation of 
design alternatives has already become mandatory. This creates an imbalance in the 
design process: alternatives are rigorously evaluated while they were created in a 
much more intuitive fashion. Therefore, while a large number of arguments can be 

128 



given for a choice of alternative A over B, the reasons for alternative route A being 
where it is, and not 500 meters to either side, often are not nearly as clear. 

Introduction of Potential Surface Analysis as an extra step in the design 
process, before the development of design alternatives, can correct the imbalance. 
This method divides an area of study in a large number of small cells and evaluates 
the suitability of each cell on a number of criteria. This is done prior to the design of 
alternative routes, creating insight that will improve the design of alternative routes. 

Though the concept of Potential Surface Analysis has existed since the sixties, 
a fully operational implementation has not yet been developed. An important reason 
for this lack of application lies in the large amount of data to be processed. Recent 
developments in computer speed and Geographical Information Systems (GIS) could 
help overdone this problem. Past implementations of PSA however, relied rather 
heavily on expert opinion to determine suitability scores. If scoring is to be automated, 
a repeatable and explicit method of scoring must be developed. In this study such a 
method was developed and tested in three pilot models. It shows computerized scoring 
is indeed feasible, and provides a systematic approach and toolbox for PSA-modeling. 

2 POTENTIAL SURF ACE ANALYSIS: ART NOT PART IN PLANNING 
PRACTICE 

2.1 PSA: the art of estimating impact-contribution 
The term Potential Surface Analysis is used in several fields of science, referring to as 
many different methods and techniques. Among these fields are fluid mechanics, 
aerodynamics, magnetism and spectroscopy. In the context of spatial planning it refers 
to the analysis of a part of the earth's surface to gain insight into its suitability for a 
certain development. The core idea of PSA in planning is to create this insight before 
potential locations or routes for the development are chosen. 
This paper deals primarily with the use of PSA in the development of linear 
infrastructure, such as roads, railroads and pipelines. A fair part of its contents 
nonetheless are relevant for the application ofPSA in the broader planning context. 

When using PSA, to find one or more potential routes for infrastructure in 
development, three steps can be distinguished: 
1. division of the area of study into cells; 
2. estimation of each cell's potential contribution to the impacts in consideration; 
3. determination of each cell's suitability for the development of the 

infrastructure to be routed. 
The area of study can be divided into cells based on morphological or abstract 

shapes. The most common method of division overlays the area of study with a grid, 
creating square cells of equal size. Once divided, the area contained in a certain cell is 
assumed to have homogenous characteristics. Considerations concerning cell-size will 
be discussed further on in this paper. 

For each cell the following question is answered: If this cell were to contain 
part of the infrastructure to be routed, what would be it's contribution to the impact in 
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question? This has to be done separately for each impact in consideration, for example 
construction costs, operational costs, visual and noise nuisance, external risk, etc. 

The determination of a cell's suitability is in fact a form of Multi Criteria 
Evaluation. MCE-techniques can be used to aggregate the cell's scores for the separate 
impacts, resulting in an overall assessment of suitability (Voogd 1983). However, 
(solely) an overall score may not be desired. In such a case the same techniques can be 
applied to create partial aggregations, giving insight into the suitability from a certain 
viewpoint, for example economic or environmental. 

2.2. PSA: tbe state of tbe art 
The roots of Potential Surface Analysis can be traced as far back as the 1960's. In this 
section the development of the method to its current form will be sketched by means 
of highlighting a key publication from each decade since then. These publications are 
by no means the only important ones on the subject, they merely serve the purpose of 
illustrating certain developments. 

Figure I: Transparent suitability overlay for the criterion 'proximity of services' 
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In 1962 C. Alexander and M.L. Manheim published a study in which they analyzed 
the suitability of an area for highway route location (Alexander and Manheim 1962). 
They did this by means of overlaying a map of the area of study with transparent 
sheets, on which the suitability was sketched in shades of gray. The more suitable the 
underlying area was judged to be, the darker the resulting shade. Such transparent 
sheets. like the one shown in Figure 1, were produced for 26 criteria. However, 
overlaying even a few sheets, let alone all 26, did not produce a sufficiently clear 
aggregated picture of suitability. 

The study of Alexander and Manheim illustrates the emergence of the core 
idea of PSA: the systematic investigation of the suitability of an area of study, prior to 
the development of potential routes. 

In the 1970's the use of computers for the storage, management and analysis of 
data progressed by leaps and bounds. The PSA-system for environmental planning of 
utility corridors, completed by Ross T. Newkirk in 1979, shows the influence of these 
developments (Newkirk 1979). It used digitized maps of the area of study, 
computerized data storage and an automated algorithm for the aggregation of effect
scores. 

With the progression of computer technology came a steady advance of the 
grid as a means of dividing the area of study into cells. Besides having certain 
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conceptual advantages, a 'matrix' of square cells provides an excellent handle for 
automated reference, independent of the underlying morphological shapes. 

By 1989 G. Linden had developed a system with all the characteristics of 
modem PSA (Linden 1989). As opposed to the work of Newkirk who exclusively 
regarded environmental effects, Linden built 'tree' of effects, grouping effects and 
then subdividing the groups to create a balanced set of criteria for PSA. GIS was used 
for data management and visualisation of the results. Scoring, however, was not 
computerized. This was left to a team of experts. 

No major publications on PSA have been found from the 1990's. There are 
several explanations possible for this lack. First, during the last decade, interest and 
faith in quantitative effect-studies has decreased somewhat. Experience with large 
infrastructural projects has taught the importance of good communication with the 
general public. This has concentrated research in the field of interactive planning and 
communication. Second, there are good indications developments in PSA have not all 
together ceased. Several commercial bureaus seem to have made at least some 
progress, but because they don't publicize the results it is hard to say exactly how 
much progress. 

2.3 PSA: from art to science 
Given the obvious advantages of having insight into the (variance in) suitability of an 
area of study, when designing potential routes for infrastructure, one would expect 
Potential Surface Analysis to be common planning practice. This, however, is not the 
case. This lack of practical application gives rise to the suspicion that, notwithstanding 
the lengthy incubation time, a fully operational method has not yet hatched. 

A score of explanations can be given, many being technical or political. Still, 
as regards theoretical content of the method, the remarkable fact is that most studies 
tend to skirt the central issue of obtaining a suitability score for a single cell, in regard 
to a single criterion. To clarify what constitutes 'skirting the issue' some 
characteristics of impact-assessment methods must first be defined. 

To make an impact-assessment method, like PSA, scientifically sound, the 
following requirements have to be met: 
1. scoring must be repeatable; 
2. scoring must be explicit; 
3. scoring must be valid. 

The requirement of repeatability demands that, given a certain set of relevant 
characteristics of a cell, the resulting score be constant. One consequence is that any 
two cells with the same set of relevant characteristics, should also have identical 
resulting scores. The other is that a cell with a certain set of relevant characteristics 
should have the same resulting score, independent of external conditions, for example 
who does the scoring, that persons mood, the time of day, etc. 

The requirement that scoring be explicit means that the train of reasoning, by 
which the cell's characteristics result in a certain score, should be free of sudden 
jumps. What constitutes a 'sudden jump' is moderately dependent on context. 
Obviously a logical or mathematical context will impose more stringent demands on 
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reasoning than a planning context. Ultimately, it is up to the people involved to judge 
whether or not the requirement has been met. 

The requirement of validity demands that the assumptions, fonning the train of 
reasoning, be granted. Obviously, if the train of reasoning is valid, so is the outcome. 
As with the fonner requirement, validity is to be decided by the people involved. The 
judges of the latter requirements are of course expected to be reasonable. For example, 
one could choose not to grant the laws of physics, thereby invalidating a train of 
reasoning that leads to a suitability score. However, the contribution of such an 
attitude to a constructive planning process is highly questionable. 

Figure 2: The requirement that scoring be explicit 
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The rather vague criticism of 'skirting the issue' can now be specified: All existing 
PSA-methods, in the literature studied, fail to meet at least one of the requirements of 
a scientifically sound impact-assessment method. One would expect the most common 
defect to be found in validity, since this requirement is usually the hardest to meet. 
Remarkably, this turns out not to be the case. It seems planners are usually pragmatists 
first and scientists when possible. 

The pragmatic attitude can be described as: 'I don't really care all that much 
about exactly how you get the scores, as long as they are reasonably accurate and I 
have them on my desk by tomorrow.' A good way to obtain a reasonably accurate 
score is to have an expert look at the situation and give his opinion. The resulting 
score is probably valid by reasonable standards, without the need for the scoring to be 
repeatable or explicit. There is much to be said for this approach. Even if possible, 
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meeting all requirements would take a lot more time, and there is always much scoring 
to be done and little time. 

The scientific approach is rather the reverse: 'Let's have a careful look at the 
problem, and see if we can find the general rules for scoring. If successful, this could 
greatly improve the speed and accuracy of scoring.' Any general rule will have to be 
repeatable. Because an impact- or suitability score is not a measurable quantity in the 
real world, a black-box approach is not possible. Therefore a general rule will have to 
be explicit. Given these prerequisites, attaining validity is the real challenge. 

The tendency of planners towards pragmatism, in its turn, partly explains the 
lack of successful application of PSA. Though the use of expert opinion provides the 
quickest means of obtaining a score on a short term, it is still to slow by far to make 
PSA feasible. For example, consider the scoring of a single criterion for a 20 km 
stretch of highway. In conventional planning, likely no more than ten alternative 
routes would have to receive a score for the criterion. In PSA, every cell in the area of 
study has to be scored. With an area of study being the equivalent of 20xl0 
kilometers, and a cell size of lOOxlOO meters, this would require the expert to give an 
opinion 20.000 times. And this is just for a single criterion! 

Computerized scoring could provide the necessary speed and data-handling 
needed to overcome this problem, especially considering the spectacular progress of 
computer power and GIS-software. Computers however are not capable of intuitive 
reasoning. Therefore, to make computerized scoring possible, a scientific approach is 
required. 

In this study a methodical and mathematical base for a scientific approach to 
PSA modeling was laid. This base was tested by means of the development three pilot 
models. The results are quite promising; the road for future development ofPSA very 
probably leads from art to science. 

3 MODEL DEVELOPMENT 

3.1 Development of a systematic modeling approach 
Before starting to find general rules for scoring suitability, the scientific approach can 
be taken one step further: let's see if a general rule can be found for building general 
rules for scoring suitability. In this paper, such a rule will be referred to as a 
'systematic modeling approach'. The purpose of the systematic modeling approach is 
to aid the creation of suitability scoring models that meet the requirements of 
repeatability, explicit reasoning and validity. 

In the previous chapter it was already stated that any general rule would 
automatically have to be repeatable, otherwise it would not be general. If this rule is 
implemented as a computer program, the most rigorous check on repeatability is 
made: since a computer is not capable of autonomous interpretation or judgement, it 
will not allow any ambiguity whatsoever. Therefore, repeatability does not need to be 
secured further by means of the modeling approach. 

A systematic modeling approach can be of great help in securing an explicit 
train of reasoning. It specifies a number of steps that need to be taken when creating a 
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model. This helps to keep steps in reasoning small; reducing the chance one or more 
will be considered jumps. 

Though a systematic modeling approach does not directly aid the attainment of 
validity it does so indirectly by aiding explicit reasoning. This is of great importance, 
because it is practically impossible to judge whether or not an implicit train of 
reasoning is valid. 

Figure 3: The basic form of the systematic modeling approach 

The most basic form of a systematic modeling approach for PSA is the linking of 
conditions that determine the suitability of a cell, to the available information about 
that cell. Conditions are for example the potential, of a development in a certain cell, 
for adding to efficiency, cost or nuisance. Information about the cell can for example 
be contained in (digital) maps and statistical data. 

The problem in creating the link is that there usually is no direct relation 
between these two. For instance, the information about the cell will not contain the 
cost of developing a given number of meters of highway at that location. However, it 
will tell you what the current land-use is, and what soil to expect. This information can 
be used to get an estimate of the development costs. 

The goal of a specified modeling approach therefore is to narrow the gap 
between conditions and information until bridging it no longer requires a jump in 
reasoning. This is exactly what the specified version of the approach, presented in 
figure 4, aims to do. 
The processing of conditions consists of ordering (grouping), specification and 
selection of criteria. The purpose of this process is to create a balanced set of 
unambiguous criteria. Grouping conditions is a useful aid in creating a balanced set of 
criteria. The classification should aim to cover as much of the total of conditions as 
possible, with a minimum in overlap between the groups. Groups of conditions might 
for instance be 'functional', 'economical', 'environmental', etc. Specification is 
necessary to remove ambiguity. For example, within the environmental group of 
conditions, specification may, amongst others, yield 'noise nuisance'. Though often 
evaluated in this form, noise nuisance is not yet sufficiently specific. Are we 
considering nuisance for humans or animals? If for humans, is this nuisance at home, 
at work, during recreation, etc.? 
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Figure 4: Schematic representation of the specified systematic modeling approach 
for PSA 

Not all the components thus found are relevant as criteria for PSA. Only those 
components that will result in different suitability scores in different parts of the area 
of study are selected as criteria. 

In paragraph 2.1 determining a suitability score for a cell was likened to 
answering the following question for each criterion: If this cell were to contain part of 
the infrastructure (object) to be routed, what would be it's contribution to the impact 
(criterion) in question? The steps for processing information help make this answer a 
direct one, bridging the gap between conditions and information in a repeatable, 
explicit and valid way. From the available information, indicators are selected. 
Indicators are measurable quantities that bear a certain relation to the criterion to be 
scored. Using these indicators, quantitative cell score are calculated. It is of great 
importance that this quantity is as closely related to the criterion to be scored as 
possible, otherwise too large a gap remains for the rating to qualitative cell scores to 
be explicit. For example, if the quantity chosen for noise nuisance is 'the number of 
houses within x meters of the highway', it is hard to develop a rating to qualitative cell 
scores. Houses do not experience much nuisance of any kind, people do. Furthermore, 
being within a certain number of meters of a highway as such does not hinder people. 
Neither do they perceive noise to be of a specific number of decibels. The PSA pilot 
model for noise nuisance, described in paragraph 4.3, shows that the current 
knowledge on noise nuisance is sufficient to use 'the number of seriously hindered 
people' for a quantitative cell score. This quantity bears the desired close relation to 
the criterion. 

The need for rating to create qualitative cell scores can be explained by means 
of the proverb 'If you want to make an omelet, you have to break some eggs' . In other 
words, if infrastructure is to be developed, it will inevitably cost something, it will 
probably create some nuisance, etc. The question is whether this is a bargain or not. 
To answer this question, a quantitative cell score needs to be placed in a larger frame 
of reference. 
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3.2 Development of a model classification 
The processing of conditions in the systematic modeling approach is fairly standard 
practice. It results in a 'tree' of conditions, from which the criteria for the design are 
selected. The processing of information, however, is not standard. Therefore a model 
classification was developed to structure the process a little more. 
The model classification, shown in figure 8, uses the number of variables used to 
describe object and criterion to impose this structure. The object, that is to be 
developed, is classified as a 'point', 'line' or 'area' object. A criterion is said to be 
dependent on internal characteristics of a cell, distance of a cell to other cells or the 
spatial orientation of the cell within a larger unit. 

Point objects fit within a single cell. Therefore the location of the object and 
the cell can be viewed as identical; no other variables are needed to describe the 
object. In other words: only one possible realization of the object exists for each cell. 
Line objects fit the cell in width, but not length. Because a small part of a linear object 
is straight of almost straight one extra variable, the orientation of the object, suffices 
to describe it. This results in a range of realizations of an object for each cell, because 
the location of the cell will fix the x and y of a linear object, but not the rotation a. 
Area objects are larger than a cell in both dimensions. Since the object is yet to be 
developed, its shape is usually not fixed. Two extra variables are needed to define the 
shape. Obviously, the resulting number of significantly different possible realizations 
of the object is quite a bit larger than in the case of a linear object. 

Criteria dependent on internal characteristics of the cell can be scored using 
information about that part of the surface, for example soil type or land use. 
Criteria dependent on distance to other cells need information about the cell's 
surroundings to determine a score, for instance the distance to cells containing 
residential area. Therefore, besides the variables needed to define what part of the 
surface is scored, an extra variable is required to describe distances to other cells. 
When a criterion is dependent on the orientation of a cell in a larger spatial unit, 
simply measuring the distance to all cells in the spatial unit does not suffice. Two 
extra variables are needed. 

3.3 Development of PSA-estimators 
By placing an object in a cell, the variance ofx andy is restricted by the cell size. This 
variance is not negligible, especially if a large cell size is used. A linear objects 
orientation (a) remains unrestricted, as does the form of an area. This lack of 
restriction is not an unwanted byproduct ofPSA, it is in fact the essential advantage of 
PSA as a design support system over the evaluation of alternatives. Restriction of 
characteristics requires taking design decisions; the same decisions the results of the 
analysis are meant to support. 

However, the estimation of impacts, used to determine the suitability of a cell, 
varies with the characteristics. Lacking exact information, a 'best guess ' about the 
impacts has to made. This is done using PSA-estimators, minimizing the error 
compared to the set of possible realizations of the characteristics. Focussing primarily 
on linear objects, estimators have been developed for: 
• the actual location of an object within a cell; 

136 



• the actual length of a linear object within a cell; 
• the actual area of a linear object within a cell; 
• the actual area of influence of a linear object, when the impact-model used is 

designed for calculation perpendicular to the object;the actual route of a linear 
object through an area. 

Figure 5: Model classification based on tbe number of dimensions needed to 
describe object and criterion 
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4 APPLICATION IN PILOT MODELS 

4.1 Going the distance in three stages 
The number of conditions, that are relevant when designing infrastructure, tends to be 
rather large. The different groups of conditions, like economical and environmental, 
together contain over a hundred possible components. Evaluation of design 
alternatives commonly includes several dozen of these components. Obviously, 
developing PSA models for all possible components was not feasible in the line of this 
study. It would not be an efficient means of exploring the potential of a scientific 
approach to PSA-modeling anyway. For this purpose, a small number of pilot models 
suffice. The choice of components as criteria for the pilot models was guided by the 
model classification. Concentrating on linear infrastructure, a commonly used 
criterion was chosen for each number of variables. Cost of acquisition and 
construction was chosen as a criterion, dependent on internal characteristics of a cell 
(2 variables). Noise nuisance of people at home was chosen as a criterion, dependent 
on distance to other cells (3 variables) and partitioning of wildlife habitat as a 
criterion, dependent on spatial orientation of a cell (4 variables). 

Because other PSA models for linear infrastructure will have a similar form to 
one of these pilot models, the experience gained from them will have a wider 
application than just the three criteria that are chosen. The PSA-estimators developed 
for the pilot models can be used to build models for other criteria of the same class in 
the model classification. 

4.2 Pilot model for criteria dependent on internal characteristics of a cell 
The criterion used in the pilot model for criteria dependent on internal characteristics 
is cost of acquisition and construction. The quantitative cell scores are calculated in 
guilders. The cost of acquisition was determined by the current land use, for example 
nature, agriculture, residential, industrial, etc. Since the digital land use map used did 
not subdivide these classes average prices per square meter were calculated from 
statistical data provided by the national government and the Dutch organization of real 
estate agents (NVM). The cost of construction was determined using a standard 
calculation method developed by Rijkswaterstaat. 

The qualitative cell scores, shown in fig. 6, result from placing the quantitative 
cell scores in a frame of reference (Lootsma 1998). 
From a large number of highway development projects the cost per meter for a similar 
type of road was found and corrected for inflation. 

This resulted in a range of cost for the type of highway in question, that fit the 
quantitative cell scores quite well.The resulting picture shows some fairly predictable 
traits. All open areas are inexpensive to acquire; the difference in construction cost 
caused by the quality of the soil. Built-up areas are more expensive acquire. The 
presence of other large infrastructure leads to the highest cost, because of the 
construction needed to cross over or under it. 

138 



4.3 Pilot model for criteria dependent on distance to other cells 
Noise nuisance of people at home was chosen as the pilot model for criteria dependent 
on distance to other cells. 

Figure 6: Qualitative cell scores for cost of acquisition and construction 

average 

fairly expensive 

very expensive 

Before a projection for a new situation could be made, the current noise levels in the 
area of study had to be determined. In the pilot model only the current noise levels 
resulting from highways and major roads were calculated. Obtaining higher accuracy 
for the current situation by including other sources of noise, like railroads, air-traffic 
and industry, would not have changed the PSA-model in any fundamental way. 

Cells were scored in the following way: 
• Assume part of a new highway is in the cell to be scored; 
• Determine the resulting increase in noise level in surrounding cells containing 

residential area; 
• Calculate the extra number of people that would experience noise nuisance 

because of this increase. 
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The first few steps, including determination of the current noise levels, could 
be made using common calculation methods for traffic noise. 

The percentage of people that experience noise nuisance of a certain noise 
level is based on a commonly used curve based on a large number of interviews. 
Figure 7: Quantitative cell scores for noise nuisance of people at home 
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Figure 7 shows the results for the area of study. Obviously, keeping distance from 
residential areas is of primary importance to avoid noise nuisance at home. The 
influence of the current noise level shows clearly as well. Because noise doesn't 
accumulate linearly (for example: 60 dBA + 60 dBA = 63 dBA) adding a new source 
in a noisy area creates a relatively minor increase in nuisance. The oval at the top right 
side of figure 7 marks such an area. 
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4.4 Pilot model for criteria dependent on spatial orientation of the cell 
Last of the three pilot models is the one for criteria dependent on spatial orientation of 
the cell. In other words: where is the cell situated in a larger spatial unit? The criterion 
chosen for this pilot model is 'loss of habitat'. In this case parameters were set for 
habitat of a social group of badgers, but the model can be used for other sorts of 
animals as well. 
Figure 8: Qualitative cell scores for loss of habitat for a social group of badgers 

very small area lost 
small area lost 

fairly small area lost 
average area lost 

fairly large area lost 

very large area lost 

The area shown in figure 8 is the habitat of several groups of badgers. It is part of the 
area of study used in the other pilot models. The habitat includes the woods in which 
the badgers build their burrows and the adjacent fields they use for foraging. 

The model uses biological observations of the size of habitats of the kind of 
animals scored for. This makes this model unique in more than the fact that it is a 
PSA-model. Common indicators used in environmental evaluation do not use habitat 
size. Because of this the model has received special interest of experts at the Dienst 
Weg- en Waterbouw (DWW) ofRijkswaterstaat. 

When reading figure 8 it is very important that the score represents the 
contribution of each individual cell. This means that crossing a large number of cells 
with the score 'very small area lost' will result in a large loss of habitat nonetheless. 
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One thing that does not show in the figure very well is the fact that scores 
improve very close to existing roads crossing the habitat. If one zooms in it can be 
seen that the cells right next to existing roads receive a minimal impact. 

5 CONCLUSIONS 

The experience gained developing the three pilot models gives a fair idea of the 
feasibility of the chosen approach to PSA. First some conclusions are drawn on the 
repeatability explicity and validity of the pilot models. Then some closing remarks are 
made on what these results imply for the perspective ofPSA in the future. 

The requirement of repeatability is met beyond doubt. A cell with a certain set 
of characteristics will receive the same score as other cells with identical 
characteristics, independent of who does the scoring. 

The requirement that scoring be explicit has been met as well, at least by 
reasonable standards. Use of the systematic modeling approach guards against large 
leaps in reasoning. Moreover, it was possible to develop the pilot models using almost 
exclusively adaptations of common effect-calculation models used for evaluation of 
design alternatives. Therefore the resulting PSA-models are at least on par with 
"common evaluation" where explicity is concerned. The last can be said concerning 
validity as well, with one difference. Because exact location (point objects), 
orientation (line objects) and shape (area objects) are unknown when performing PSA 
the use of (average) measures is required. This adds extra assumptions to the train of 
reasoning leading to a cell score that could be judged invalid. Some of the PSA
estimators developed in this study have been derived analytically, like the PSA
estimators for actual location and actual length. These are a mathematically proven 
"best guess" and therefore will surely be judged valid assumptions. Other, more 
complex PSA-estimators like for the actual route of a linear object through an area, do 
not posess similar mathematical elegance. Until better estimators of this type are 
developed, their proof will have to be in successful application. 

In general, the approach to PSA-modeling seems to function rather well. The 
resulting scores in the pilot models correspond with what one might expect scoring in 
an intuitive manner. The aimed for increase in scoring speed was realized: run-time 
varied from a couple of minutes for cell-internal dependency, to several hours for 
dependency on spatial orientation. In this case the area of study measured 15 x 20 
kilometers and the cell size was chosen at 50 x 50 meters, 12.000 cells scored for each 
criterion. 

These results encourage developing PSA-models for a balanced set of criteria 
for different planning problems. The additional insight they provide for the design of 
alternatives, thereby improving speed and quality of that phase, should prove worth 
the effort. 
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This paper studies on possibility of remote sensing data for urban planning through a case study in a 
central area of Kanazawa City. This is pursued through trying to develop utilization methodology of 
LANDSAT 1M data for urban planning and reviews its applicability through analysis of relationship 
between land use distribution and environmental indices. The methodology was developed as follows. 
First, land use categories, which could be derived from LANDSAT 1M data, are decided considering 
previous studies. Second, supplementary data such as lines of lots, blocks and roads are collected from 
the base maps for urban planning and aerial photos also present visual clues for contents of land uses. 
These kinds of data are arranged in the Standard Mesh System of Japan. In Japan, the Statistical 
Department of the Central Government has been issued data bank of social survey results on this mesh 
data system. Then these kinds of data could be used for urban planning with the same mesh system 

1 INTRODUCTION 

In this study LANDSAT TM data are used as remote sensing data. Although remote 
sensing data have a lot of merits in utilizing for urban planning, it also has some fatal 
deficits for application of urban planning. As for merits, we could derive data relating 
surface land use including such as greenery quality, data of vast area according to the 
planning theme and time series data in recent past decades from such as LANDSAT 
TM data. Nevertheless, inherent characteristics restrict its application in the field of 
urban planning. Remote sensing data only presents surface characters and its ground 
resolution is usually too large for urban planning such as 30m for LANDSAT TM 
data. 

First this study tries to formulate the database system of land use for urban 
planning. It is pursued by integrating numerical or attribute data derived from the 
National Census, geographical data derived from GIS data and visual data derived 
from aerial photos by using the Standard Mesh System of Japan, which is based on 
latitude and longitude system. As Japanese Government has been issued many kinds 
of census data in the form of the Standard Mesh1l, a lot of social data could be gained 
using this mesh system. Database was formulated in the central area ofKanazawa as a 
case study area, which is a regional central city and locates in Ishikawa Prefecture of 
Japan. Second utilization for urban planning is studied. It is done through analysis of 
land use distribution, analysis of relationship between land use distribution and 
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Normalized Vegetation Indicator (NVI) or temperature on the ground, which can be 
can be calculated using remote sensing data3l, and analysis of relationship between 
land use distribution and population distribution, which is derived from the Census 
data. 

2 METHODS OF STUDY 

Study Area (figure I, 2) 
A case study is done in the central area of Kanazawa, which is the regional central 

Figure 1: Standard Land Map 
and study area 

Figure 2: Code number of mesh in 
area (only showing second and 
third code number) 

! I ! 
7210 7211 "1310 7311 

7200 7201 7300 7301 

6210 6211 6310 6311 

6200 6201 6300 6301 

5210 5211 5310 5311 

5200 5201 5300 5301 

4210 4211 4310 4311 

city in Ishikawa Prefecture and has population of approximately 450,000. Kanazawa 
is also an old castle town and has an old castle site in the center of the city. Kanazawa 
has three plateaus and two rivers between them, and as result of these topological 
features Kanazawa have characteristics of a lot of ups and downs. This study uses 
twenty-eight halved Standard Mesh Units2l as a first sage study. 

2.1 Categorization of land use 
Land uses categories are determined considering for application of urban planning. 
Table 1 shows the categories used in this study. Using aerial photo clear visual images 
are gained especially to estimate greenery areas. On the other hand they hardly show 
boundaries of sites clearly and have shades, which make difficult to estimate of 
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images. In order to cope these kinds of problems the Standard Land Maps issued by 
the Prefecture Government are utilized to investigate a lot boundary, building area and 
road lines. Other categories are judged by using the aerial photos. That is, "road" and 
"building area" are decided by using the Standard Land Map, and "area covered with 
trees", "farming land and grassland", "barren land", "water area" and "parking site" 
are judged by using aerial photos. 

Each data set of land use category is produced in the forms of polygon data 
and managed using ArcView GIS Version 3.1. The mesh used in this study is the 
halved Standard Mesh Unit. 

2.2 Utilized materials 
Used aerial photos were taken from 2:00p.m. to 4:00p.m. on 30 June 1997 from the 
height of 2,075m and have developed with a scale of I : 2,500. The Standard Land 
Maps were issued based on aerial photos taken December 1997. LANDSAT TM data 
are used as remote sensing data, which were processed on 25 April 1996. 

Table I: Categories of land use 

Land use category Contents 
Land covered ! .Building area Building area in lots 
without 2.Non-building area Non-building area and area exclusive of other 
greenery categories 

3.Road Road including sidewalk 
4.Parking area Parking area exclusive of a small parking space 

in housing sites 
Land covered 5.Tree area Area covered with trees 
with greenery 6.Farming land and Farming land and grassland 

grassland 
7 .Barren land Barren land such as a school ground 
8.Water area Surface covered water such as river, pond 

3 LAND USE DISTRIBUTION 

Table 2 shows land use distribution in the each mesh according to the categories 
described before. 

Building coverage area (figure 3) 
An average value ofbuilding coverage area is 30.2 %, and varied from 13.2% to 45.2 
%. The mesh having the biggest building coverage ratio includes housing districts 
composed mainly traditional detached houses, and has a small amount of tree area as 
2.9% comparing to the average of 13.4 %. 
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Road (figure 4) 
An average value of road area is 16.3 %, and varied from 1 0.8 % to 24.9 %. Area 
ratios between meshes have relatively small variation comparing to other land uses. 
The mesh having the biggest road area ratio includes main trunk roads in the central 
area of Kanazawa. 

Parking area (figure 5) 
An average ratio of parking area is 4.9 %, and varies from 0.7% to 4.9 %. The ratios 
of parking area are distributed relatively evenly. The mesh having the biggest parking 
area ratio includes tourist attractive facilities such as art museum and a large-scale 
parking lot for tourists. On the other hand, the mesh having the smallest parking ratio 
includes historical residential districts, where the amounts of water area, trees and 
building coverage area are relatively high. 

Tree area (Figure 6) 
An average ratio of tree area is 13.4 %, and varies from 1.9 % to 48.6 %. The 
distribution of tree areas is relatively large. The mesh having the biggest amount of 
tree area includes Kenroku Garden, which was used to the Feudal Lord's private 
garden. The mesh having the smallest amount of tree area includes newly developed 
housing area adjacent to the central area. 

Farming land and grassland (figure 7) 
An average ratio of tree area and grassland is 4.8 %, and varies from 0.0% to 24.6 %. 
The mesh having the biggest farming land and grassland includes Riverside Park area 
containing a lot of grassland. On the other hand, the mesh having the smallest farming 
land and grassland includes the old castle site, which has the biggest bare land area. 

Barren land (figure 8) 
An average ratio of barren land is 3.4 %, and varies from 0.0 to 9.5 %. Reviewing 
distributions of barren lands a large-scale barren land can be found in the school site 
as a ground. The mesh having the biggest barren land includes the old castle site, 
where construction works were done in a large scale. On the other hand the mesh 
having the smallest barren land includes Kenroku Garden and Prefectural Museum 
and has the largest ratio of tree area. 

Water area (figure 9) 
An average ratio of water area is 1.9 %, and varies from 0.0 % to 7.9 %. Although 
figure 9 shows rivers as water area Kanazawa has a lot of water stream in the central 
area. This means a limitation of visual judgement using aerial photos of scale 1: 
2,500. 
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4 ANALYSIS OF RELATIONSHIP BETWEEN LAND USE AND 
ENVIRONMENTAL INDICES 

4.1 Relationship between land use distribution and ground temperature 
In order to analyze relationship between land use distribution and ground temperature 
multiple regression analysis is applied. Objective variable is the ground temperature 

Table 2: Land use ratio of mesh 
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7210 38.2 25.6 14.2 9.1 9.0 0.5 3.3 0.1 100.0 
7211 27.4 13.0 14.0 6.6 30.5 1.9 6.1 0.6 100.0 
7310 29.0 26.1 16.2 4.7 14.2 0.0 9.5 0.2 100.0 
7311 36.8 12.4 13.7 0.7 23 .6 3.3 1.8 7.8 100.0 
7200 41.3 30.9 14.7 5.1 4.8 2.4 0.7 0.2 100.0 
7201 20.5 0.0 24.9 5.4 43.1 1.0 5.8 0.0 100.0 
7300 13.2 5.0 23.2 2.2 43.6 1.9 8.7 2.2 100.0 
7301 43.3 31.1 16.0 2.8 5.2 1.4 0.2 0.0 100.0 
6210 42.7 18.9 21.8 3.1 3.4 4 .3 0.5 5.3 100.0 
6211 38.7 25.7 15.9 6.6 8.8 0.9 3.3 0.0 100.0 
6310 23.0 4.3 12.8 10.0 48.6 1.4 0 .0 0.0 100.0 
6311 32.2 25.9 10.8 3.3 22.6 1.4 3.8 0.0 100.0 
6200 38.1 23 .0 13.2 5.1 9.0 5.0 2.5 4.0 100.0 
6201 45.5 16.8 16.6 6.1 2.9 6.3 1.5 4.4 100.0 
6300 39.6 26.1 14.7 6.8 7.6 0.5 4.7 0.0 100.0 
6301 38.7 30.8 16.7 3.4 6.2 2.1 2.1 0.0 100.0 
5210 39.5 30.0 15.3 2.7 10.0 0 .5 2.0 0.0 100.0 
5211 31.3 29.7 12.5 2.6 9.9 5.0 1.0 7.9 100.0 
5310 33.7 28.9 18.7 5.6 2.4 6.3 2.0 2.4 100.0 
5311 33.0 29.0 19.1 4.4 3.6 9.3 1.6 0.0 100.0 
5200 31.3 26.6 15.1 9.4 7.5 8.5 1.5 0.0 100.0 
5201 32.8 33.4 15.6 4.0 7.3 3.4 3.4 0.0 100.0 
5300 17.4 21.8 12.9 2.5 8.9 24.6 5.4 6.4 100.0 
5301 27.7 23.6 17.2 3.6 7.0 13.4 2.2 5.4 100.0 
4210 27.4 30.6 18.6 6.9 3.4 10.2 2.9 0.0 100.0 
4211 27.8 37.9 16.3 5.6 1.9 2.4 8.1 0.0 100.0 
4310 29.3 28.1 21.2 5.9 10.0 2.5 3.0 0.0 100.0 
4311 16.3 16.6 14.2 4.3 18.8 15 .2 7.9 6.8 100.0 
Mean 32.0 23.3 16.3 4.9 13.4 4.8 3.4 1.9 100.0 
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Figure 3: Distribution of building coverage area 
road area 

Figure 5: Distribution of parking area 
tree area 
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Figure 4: Distribution of 

Figure 6: Distribution of 



Figure 7: Distribution of farming land 
bare and grassland 
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Figure 9: Distribution of water area 
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Figure 8: Distribution of 
land 
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Table 3: Environmental Indices of mesh derived from remote sensing data and 
census data 
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7210 2423 21.9 37.5 
7211 562 20.6 43.0 
7310 1292 21.9 40.5 
7311 2513 21.5 42.3 
7200 2385 21.8 36.3 
7201 107 19.9 43.9 
7300 292 19.9 46.7 
7301 3382 23.0 38.8 
6210 2011 21.2 35.0 
6211 1402 21.8 37.8 
6310 189 20.8 45.1 
6311 2548 21.5 43.3 
6200 2023 22.3 39.1 
6201 2470 22.1 38.1 
6300 2507 22.7 39.4 
6301 2657 22.5 39.0 
5210 2705 22.8 40.1 
5211 2284 21.8 41.1 
5310 2649 22.8 39.2 
5311 2533 22.6 40.0 
5200 2470 23.0 40.8 
5201 2283 22.5 40.7 
5300 1534 21.9 46.4 
5301 1992 22.0 42.7 
4210 2241 23.4 39.9 
4211 2582 22.7 39.6 
4310 3012 22.6 38.9 
4311 2067 22.1 47.4 
Mean 2040 22.0 40.8 
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Table 4: Results of Multiple Regression Analysis of Relationship between Ground 
Temperature and Land Use Distribution 

Explanatory Singe! Normalized partial F test 
variable correlation regression coefficeint 

coefficient 
Building coverage ration(%) -0.43 -0.35 • 

Road area ratio(%) -0.22 -0.19 
Tree area ratio(%) -0.82 -0.96 •• 

Barren land ratio(%) -0.30 -0.21 
Water area ratio(%) -0.16 -0.30 •• 

Deterministic coefficient normalized degree of freedom 0.748 
** Significant level of l% * 5% empty: no significance 

Table 5: Results of multiple regression analysis of relationship between NVI 
value and land use distribution 

Explanatory Singe! Normalized partial F test 
variable correlation regression coefficeint 

coefficient 
Building coverage ration(%) -0.87 -0.52 •• 

Road area ratio (%) -0.10 -0.24 ** 
Parking area ratio(%) -0.17 -0.21 •• 

Tree area ratio (%) 0.69 0.48 •• 
Farming land and grassland ratio 0.41 0.25 •• 

(%) 
Deterministic coefficient normalized degree of freedom 0.920 
**Significant level of 1% *5% empty: no significance 

Table 6: Results of multiple regression Analysis of Relationship between 
residential population and land use distribution 

Explanatory Singe! Normalized partial F test 
variable correlation regression coefficeint 

coefficient 
Parking area ratio(%) -0.18 -0.17 

Tree area ratio(%) -0.81 -0.77 •• 
Farming land and grassland ratio -0.04 -0.16 

(%) 
Barren land ratio(%) 0.42 -0.19 

Deterministic coefficient normalized degree of freedom 0.680 
.. Significant level of I% * 5% empty: no significance 
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and explanatory variables are "building coverage ratio", "road ratio", "tree area ratio", 
" barren land ratio" and "water area ratio". Table 4 shows results with deterministic 
coefficients adjusted degree of freedom, significance level, single correlation 
coefficient and normalized multiple correlation coefficient of each category. 

"Tree area ratio" and "water area ratio" has significant correlation with a level 
of I %. As for single correlation coefficients "building coverage ratio" has only 
positive value and is a factor raising the ground temperature, and other factors have 
negative values and are factors lowering it. Normalized multiple correlation 
coefficient of "tree area ratio" has the biggest value of 0.96, and generates the largest 
influence for lowering the ground temperature. 

4.2 Relationship between NVI value and land use distribution 
In order to analyze relationship between NVI value and land use distribution multiple 
regression analysis is also applied. Objective variable is NVI value and explanatory 
variables are "building coverage ratio", "road ratio", "parking area ratio", "tree area 
ratio" and "farming land and grassland". Table 5 shows same results of each category 
such as showed in table 4. 

This multiple correlation regression model has the biggest value (0.92) of 
deterministic coefficient normalized degree of freedom and it means that this model 
could explain most effectively among multiple regression models applied here. Every 
category of land use has significant influence on NVI value with I % level. Among 
them "tree area ratio" and "farming area and grassland ratio" have more influence than 
other factors, because they have positive value of single and multiple correlation 
coefficient. 

4.3 Relationship between residential population and land use distribution 
In order to analyze relationship between residential population and land use 
distribution multiple regression analysis is again applied. Objective variable is 
residential population and explanatory variables are "parking area ratio", "tree area 
ratio", "farming land and grassland" and "barren land ratio". Table 6 shows the same 
results of each category such as showed in table 4. 

"Tree area ratio" only has significant effect with a level of I % and has strong 
negative influence on the amount of residential population referring single and 
multiple correlation coefficient. 

5 CONCLUDING REMARKS 

This paper studied on formulation of land use database utilizing remote censoring data 
and others and its application for urban planning. As a result of this study, a database 
can be formulated, which utilizes the Census data, Standard Land Map and remote 
sensing data being combined by the Standard Mesh System of Japan. 

As for a case study on land use distribution in the central Kanazawa, "tree 
area", "bare land" and "parking area" show distinctive distribution reflecting locations 
of the old castle site and Kenroku Garden. As results of analysis using the multiple 
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regression analysis for the case study area, the ground temperature has positive 
correlation with "building coverage area" and negative correlation with other factors. 
NVI value has strong positive correlation with "tree area" and "farming land and 
grassland". Residential population has strong negative correlation with "tree area". 

Following points are to be studied further, enlarging study area and spatial 
structure of land use like as relationship between topological features and 
environmental indices and others, adding other factors such as zoning of urban 
planning, and formulating time series database could do time series analysis. 

Notes 

1) The Standard Mesh Data System of Japan is defined by Japan Industrial Standard 
(JIS). It is based on latitude and longitude system. The Standard Mesh Unit is used as 
the basic unit, which has a scale of approximately 1 km at each direction and I km2 as 
area size. 
2) The Standard Mesh Unit can be divided or consolidated. The halved Standard 
Mesh Unit could be gained by halving the Standard Mesh Unit at each direction. It 
makes a Standard Mesh Unit into four divided Standard Mesh Units. Many kinds of 
census data are issued based on the halved Standard Mesh Unit in the Densely 
Inhabited District (DID). DID is defined as indicating urbanized area in Japan, which 
has a population density of forty persons and more per square kilometers and five 
thousands persons and more. 
3) Normalized Vegetation Indicator (NVI) are used for expressing the level of vitality 
of greenery area and calculated using values of Band 3 and Band 4 of LANDSAT TM 
data as follows. 

NVI = {(Band4-Band3)/(Band4 + BandJ)} 
Although the value of NVI varies from -1.0 to 1.0 theoretically, usually it 

takes from -0.1 to 0. 7. The NVI becomes minus value for the cases of water, snow or 
iced area, -0.1 for a case of bare land and greater value according to the volume of 
greenery. A district where NVI value is equal or over 0.2 can be considered as a 
greenery area. 
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In this paper, we provide a general view of the problems concerning townscape conservation in 
Japanese historical urban districts, focusing on the inappropriateness of building regulations for 
conservation of traditional built form. We propose a method of evaluating townscape conservation 
plans for historical urban districts of Japan, by use of formal, mathematical building models. The 
purpose of the method is to evaluate townscape conservation plans in terms of attaining a balance 
between residential conditions and townscape conservation. The steps of the method are as shown 
below. Supposition of building form regulation easement cases in a case study district. Simulation of 
the townscape under each regulation easement case by means of developing computer graphics images. 
These images can be shown in planning evaluation workshops for residents, planners, etc. Evaluation 
of residential conditions by total floor area. Analysis of the relationship between residential conditions 
and townscape control, and the effect of building form regulation easement on the relationship. 
Through simulating application of the method to a case study area, we investigated the relationship 
between improvement of residential conditions and building form regulation for townscape control. 
The case study was carried out in a historical Geisha district originally formed in the 19th century 
located in the historical center ofKanazawa, a representative castle town in Japan. 

1 BACKGROUND AND OBJECTIVE OF THE STUDY 

1.1 Background of the Study 
In Japan, legal management of building form is implemented mainly by means of the 
control method, which consists of zoning and building form regulations. Because 
historical townscapes are mostly made up of wooden buildings that have a rather short 
life, they usually undergo gradual and repetitive change. Because of this, control of 
building form and design in new construction plays an important role in conserving a 
townscape. However, in Japanese urban historical districts, standardized building 
form regulations often act as destructive factors in terms of preserving the historical 
townscape. Conserving the townscape in such districts requires development of 
building form regulations, which allow buildings to be built in accordance with 
traditional form and design. 

An important aspect of townscape conservation in Japanese urban historical 
districts is revitalization of the local community, because many districts have 
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experienced loss of population, as well as aging of the population that remains. In 
many cases, a great number of the younger generation whose lifestyles don't fit in the 
historical urban districts have moved out to newly developed suburban districts. 
Attracting the younger population back to the area requires improvement in residential 
conditions. 

1.2 Objective of the study 
The objective of the study is to propose a method of evaluating townscape 
conservation plans that is capable of examining the relationship between building 
form regulations for townscape conservation and residential conditions, and to 
consider usability of the method by means of application to a case study area. 

2 PROBLEMS CONCERNING TOWNSCAPE CONSERVATION IN 
HISTORICAL URBAN DISTRICTS 

2.1 Characteristics and problems of townscape conservation in historical urban 
districts 
Before introducing the townscape conservation plan evaluation method, I'd like to 
provide a general view of the characteristic conditions of Japanese urban historical 
districts and the general scheme and problems of townscape conservation. and to 
clarify the objectives of the method proposed in this paper. 

Because Japanese urban historical districts are mostly made up of wooden 
buildings that have a rather short life, townscape conservation consists of two 
elements; to preserve buildings that are considered cultural property, and to guide the 
design of new buildings so as to make them harmonious with the historical 
townscape. Often, the second element is the more difficult to implement. The problem 
lies in that building regulations in Japan do not take onto account the building form of 
historical townscapes. The main supposition behind building regulations for 
residential districts under the Building Standard Law of Japan is that buildings are to 
be built detachedly in nearly square-shaped sites. This supposition is extremely 
unsuitable to the built form of traditional machiya townhouse districts where sites 
have a narrow frontage and a great depth and buildings are built side by side with 
external walls attached to adjacent buildings. 

These regulations are not applied to buildings designated as National 
Treasures or Important Cultural Properties under the Law for the Protection of 
Cultural Properties, nor are they applied to buildings designated as local cultural 
properties by municipal or prefectural ordinances. However, the regulations are 
applied to conventional buildings that are not designated as such, with the result that 
renewal of these ordinary buildings results in gradual transformation of the historical 
townscape. Although many municipalities have attempted to implement townscape 
conservation through legislation of landscape and townscape conservation ordinances, 
the effects of the efforts have been limited by the national building regulations. 

The establishment of a conservation system of Preservation Districts for 
Groups of Historic Buildings under the 1975 revision of the Law for the Protection of 
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Cultural Properties has had some effect in alleviating this problem. In Preservation 
Districts for Groups of Historic Buildings, municipal ordinances may provide for 
easement of restrictions on the basis of provisions of some specific articles of The 
Building Standard Law, contingent upon approval of the Minister of Construction. 

Despite this measure, problems still remain. One problem is that only fifty
four districts have been designated as Preservation District for Groups of Historic 
Buildings, despite the Agency for Cultural Affairs having listed over one thousand 
districts as having historical townscapes. This means that a great number of historic 
townscapes are still excluded from the above measures. Another problem is that the 
easement is usually applied to historic buildings that are to be preserved but not to 
non-historic buildings and new buildings. This results in lack of experience in 
evaluating the extent of regulation easement in renewal of buildings. Thus, the 
methodology for determining appropriate building regulations for townscape 
conservation has not yet been fully developed. 

3 TOWNSCAPE CONSERVATION PLAN EVALUATION METHOD 

3.1 Building model and building types 
In the method, introduction of a building model enables examination of the 
relationship between building form regulations and the residential environment. The 
parameters of the building model are shown in figure I. Total floor area can be 
calculated by use of the parameters that compose the building model, as shown in 
figure 2. Building types are determined according to the degree of harmonization with 
the historical townscape, by setting conditions on the parameters that compose the 
building model. Building types are used to express the reconstruction of existing 
buildings and are defined by assigning actual values to the parameters that relate to 
the building form, according to the intentions of townscape control. 

3.2 Supposition of building form regulation easement cases 
Supposing cases of building form regulation easement requires two steps. The first 
step is to determine which items require easement of regulations. This is done by 
defining the characteristics of the traditional built form and clarifications of the 
regulations that are in conflict with the characteristics. The second step is to determine 
criteria for the selection of building types to which building regulation easements are 
to be applied. Easements should be applied only to such building types that contribute 
to townscape conservation. 

3.3 Evaluation of the Residential Environment 
In this method, Residential Standard target floor area for each household type (table 
1), as provided by the Ministry of Construction, is adopted as a criterion for the 
evaluation of the residential environment. 
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Figure 1: Parameters of the Building Model 

Figure 2: Formulation of total floor area 
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Table 1: Residential standard 

3.4 Townscape simulation 
Townscape simulation consists oftwo elements; restoration of traditional Chaya style 
buildings and replacement of the remaining existing buildings with optimum building 
types. The optimum building type is the most townscape-harmonious building type 
among those that satisfy the residential standards for the present household. In order 
to clarify the effect of building regulation easement, simulation was carried out under 
both pre-easement and post-easement conditions. 

4 APPLICATION CONDITIONS FOR THE EVALUATION METHOD IN THE 
CASE STUDY AREA 

4.1 Outlook of the case study area 
The case study area, Higashi Chayagai District, is located in the central region of 
Kanazawa, one of the major castle towns in Japan. Higashi Chayagai District is a 
Geisha district formed in the early nineteenth century, where most households 
formerly ran ochaya; a Japanese-style restaurant to which geisha are summoned. Most 
ochaya have already closed down, but many traditional styled chaya buildings still 
remain to form a historical townscape. Today, many of these buildings are used 
exclusively for residential purposes, and some are used for restaurants, coffee shops, 
and stores that attract the increasing tourist traffic. The district has a planned street 
pattern, with rectangular blocks that are subdivided into deep, rectangular sites having 
narrow frontages. The streets are narrow, having a width of approximately two to six 
meters. The traditional Chaya style buildings are built on the front line of the site and 
occupy the full frontage of the site. Chaya style buildings have a gabled roof with the 
ridge running parallel to the front road. The fayade is composed of a wooden 
framework, wooden grillwork on the opening of the first floor, and wooden sliding 
doors on the openings of the second floor. 

In Higashi Chayagai District, the municipality has attempted to attain 
townscape conservation by means of legislating conservation ordinances, establishing 
a subsidy system for repair and restoration of historic buildings and enthusiastic 
efforts to harmonize new buildings with the historical townscape. In the next section, 
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we'd like to point out the problems that have arisen in the process of townscape 
conservation within the case study area, focusing on those resulting from the 
limitations of the building regulations. 

4.2 Characteristics of the traditional built form and problems of building 
regulations in the case study area 
In this section, we'd like to point out the problems caused by the building regulations 
under The Building Standard Law in the case study area , so as to determine those 
articles of the Building Standard Law that require easements for conserving the 
townscape. 

4.2.1 Relations between sites and roads 
Article 43 states that any building site must abut, over a frontage of two meters or 
more, a road that is wider than four meters. In the case study area, 59.8% of the 
building sites fail to satisfy this condition. This means that new buildings must set 
back from the road, which causes loss of a continuous building line, an important 
characteristic of the historical townscape. 

4.2.2 Building restriction on roads 
Article 44 states that buildings must not be built upon or project onto roads. A 
traditional Chaya style building has delicately detailed eaves that give expression to 
its fat;:ade, and also provide shelter against the rainy and snowy climate. The eaves are 
usually built projecting onto the front road so that raindrops falling from the eaves 
drop into a side ditch. 

4.2.3 Ratio of building area to site area 
Article 53 states that the ratio of the building area of a building to the site area must 
not exceed the value designated for the area. In most of the traditional building sites 
within the case study area, the ratio exceeds the designated ratio of 80%. Reduction in 
the building area in new construction inevitably results in a decrease in total floor 
area, because the number of stories of a new building must be restricted. This may 
lead to problems in providing sufficient total floor area required for proper residential 
conditions. 

4.2.4 Height of each part of a building 
Article 56 states that the height of each part of a building must not exceed the height 
provided by the oblique line regulation. As mentioned above, traditional Chaya style 
buildings are built on the front line of the site. If the front road is not sufficiently 
wide, the upper part of the second floor fat;:ade violates the oblique line. When the site 
is located on a comer, the corner of the gable roof also violates the oblique line. Thus, 
in new construction, the second floor must set back, thereby causing transformation of 
the townscape. 
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4.3 Application Conditions 

4.3.1 Building types 
As shown in figure 3, three kinds of building types are used in the case study. Type A 
is most harmonious with the historical townscape. In building type A, the external 
wall is set on the front line of the site. The external wall of the third floor is set back 
so as not to be seen from eye level on the opposite side of the front road. Type B is an 
intermediate type. The external wall of the third floor is set back so as not to violate 
the oblique line regulation provided by the Building Standard Law. Type C is the 
most unsuitable to the historical townscape, although it is the most common type seen 
in new buildings. The external wall of the first floor is set back as far as possible. 

4.3.2 Building regulation easement cases 
Among the four articles mentioned above, Article 44 (Building Restriction on Roads), 
53 (Ratio of Building Area to Site Area) and 56 (Heights of Each Part of a Building) 
are eased in the case study. In order to investigate which article has the greatest 
influence on the balance between townscape conservation and improvement of 
residential conditions, three easement cases were 

Figure 3: Building types in tbe case study area 
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set. In Case 1, Articles 44 and 53 are not applied. In Case 2, Article 53 is eased; the 
limit of the ratio is set to 90%. Case 3 is the combination of Case 1 and Case 2. 
Building regulation easement is applied only on Building Type A, which is the most 
harmonious to the historical townscape. 

5 INTRODUCTION OF SOME RESULTS OF THE CASE STUDY 

5.1 Difference in total floor area between building types and residential standard 
by building form regulation easement cases 
Table 2 shows the difference in total floor area between building types (2 storied 
buildings) and residential standards under the supposed regulation easement cases. 
When the difference is equal to or greater than zero square meters, the total floor area 
provided by the building type meets or exceeds that required by the residential 
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standard for the present household. In pre-easement conditions, although the 
percentage of sites in which residential standards cannot be satisfied are the same for 
Type A and C at 85%, the difference in total floor area between Type A and 
residential standards is less than -20 square meters, while the difference between 
Type C and residential standard ranges from 0 to -40 square meters. This means that 
under pre-easement conditions, Type C provides better residential conditions. On the 
other hand, under Easement Case 3, the difference between Type A and residential 
standards is greater than that between Type C and residential standards. This means 
that under Easement Case 3, Type A provides better residential conditions, and that 
the easement case can give incentive to the households to build in a townscape 
harmonious manner. 

Table2: Difference in total floor between building types and residential standards 
(In case of 2 storied buildings) 

Table 3: Percentage of Optimum Building Types 

5.2 Percentage of Optimum Building Types and Easement Cases 
Table 3 shows that under pre-easement conditions, Easement Case and Easement 
Case 2, percentages of the sites where Type A is the optimum site remain the same at 
85%. In contrast, in Easement Case 3, the percentage of type A increases to 94%. 

This shows that Easement Case 3 provides the most suitable building 
regulation in guiding the design of new buildings for conservation of the historical 
townscape in the case study area. 

5.2 Townscape simulation according to conservation steps 
Shown in Figure 4 are computer graphics images of the townscape simulation. Each 
image corresponds to a conservation step. 
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In Step 1, the historical buildings are restored to the original Chaya style. It 
shows that setting back the external walls of non-historical buildings disturbs the 
continuity of the townscape. 

In Step 2, in addition to the restoration of historical buildings, non-historical 
buildings are replaced by an optimwn building type; the most townscape-harmonious 
building type among those that satisfy the residential standards for the present 
household. It shows that although the gable wall of the building on a comer site is set 
back in order to comply with the building regulations, satisfaction of the residential 
standard and conservation of the historical townscape are fairly compatible in the 
simulation area. 

In Step 3, the historical buildings are restored, and non-historical buildings are 
replaced by an optimwn building type subjected to eased building regulations. It 
shows that the continuity of the building line has been restored. 

Figure 4: Computer Graphics Images of the Townscape Simulation 

Present Townscape Step 1 

Step 2 Step 3 

6 CONCLUSIONS 

In this paper, we proposed a method of evaluating townscape conservation plans 
based on a formal, mathematical building model. Application to a case study area 
confmns the primary usability of the method in examining the relationship between 
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building form regulations for townscape conservation and residential conditions. It 
can be said that this method can help integrate townscape control policies and housing 
policies. Although not discussed in this paper, the method also enables the integration 
of physical planning and social planning, by means of clarifying the accommodation 
capacity of the sites in accordance with the building types and building regulations. 
As a next step, it is necessary to introduce additional building model parameters so as 
to enable the evaluation of other factors concerning residential conditions, such as 
lighting. The townscape simulation images linked with information on residential 
conditions may enable planners, architects, and residents to attain better and more 
comprehensive understanding of the townscape conservation plan, therefore making 
the method an effective tool for the process of reaching a consensus. 
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ABSTRACT 

Considering, generically, spatial opportunity as a residential locational privilege in relation to existing 
services, and convergence as a service locational advantage, in relation to probable consumers as well 
as other similar services locations, as proposed by Krafta ( 1997), the paper considers three different 
although related problems: a) disaggregation of consumers into specific interest groups, according to 
wealth, age, Sex, etc. It is introduced a multiplicity of residential location layers, as well as the 
possibility of combining different multi criteria groups; b) disaggregation of services into a host of 
different possible combination, ranging from the isolated service to a complex service centre. 
Interaction between different user groups and service opportunities becomes a partial superimposition 
of networks of complementarities; c) impact of such and interaction on the stability of urban fabric. 
Considering that urban space is represented in the model as a deformed cellular matrix, each cell holds 
a set of specific tensions, which are determined by the series of complementary interactions above 
mentioned. Characteristics of these bunch of tensions can be such as to suit the cell's typological 
composition either to keep and reinforce existing land use, to foster land use change without spatial 
transformation, or more radical instability. The model has been implemented as a three dimensional 
analytical matrix which allows the operator to define specific user group, as well as service 
decomposition. It is proposed to produce three sorts of indicators: those related to quality of urban 
service (users' view), those related to service efficiency (suppliers' view) and those related to urban 
dynamics in the long run. 

I INTRODUCTION 

Whenever an agent performs an urban transformation, be it expressed through changes 
in the built structure or activation of a particular land use, impacts on other agents are 
provoked. In the urban practice a large amount of agents are, at every moment, 
performing urban transformations and thus, changing the relationship that other agents 
keep with the environment and society. Urban plans are attempts to set up conventions 
and bring together part of those actions and consequences, usually in macroscale, 
nevertheless plans are not the best instruments to rule and solve urban interactions at 
lower scales and shorter time intervals. Considering the rhythm in which such a 
changes take place, the number of interested agents involved and the nature of (public) 
management that cities are supposed to be related to, evaluation techniques that permit 
to look at each discrete event in different although simultaneous ways (Vriens & 
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Hendricks, 1997) and to emerge assessments linked to alternative value scales are 
required. 
One way to look at such a problem is from the viewpoint of consumers. Traditionally, 
the quality of urban infrastructures and services has been represented through 
statistical indicators that bring together quantities of services and users. To this extent 
it is said that a city has good quality because keeps a proportion of '')('square feet of 
green are per inhabitant, a certain number of hospital beds, and so on. Although those 
indicators can figure out a general idea about supply and demand of services, they fail 
to give a picture of the real distribution of services and access of different population 
sectors to them. It is well known that open green space, for instance are differently 
demanded by different population groups that are themselves unevenly distributed 
over the urban territory (Bertuglia, Clarke & Wilson, 1994). 

As a result of the urban growth process, it is found today, accumulated on the 
urban domain a large amount of infrastructures and services; population spatial, as 
well as economic mobility, on the other hand, makes those supplies redundant in some 
places and insufficient in others. One of the most needed and noble actions of local 
governments are precisely to look after the equity with witch public services are 
offered to consumers; its knowledge on the state of it, at every moment is critical to 
support decisions on location of services and housing. 

An alternative approach is from the viewpoint of service providers. It is clear 
that consequences of urban change do not fall only over the consumer heads, but do 
interest the service providers. Simultaneously with equity, efficiency is also important. 
In fact, efficiency is accepted to be the first step towards equity (Harvey, 1973). 

In general terms, the best location for a service is the one that captures the 
largest amount of potential consumers, and this logic can cause a certain 
concentration, to the extent that the best location suits many similar and 
complementary services. In this sense, the logic of consumers, that wishes the services 
at a convenient distance, and the one of service suppliers, that wishes to be at the 
centre of very dense consumer basin can be conflicting. It is clear that efficiency and 
equity do not exclude each other, although they do not coincide - a public transport 
system can be very efficient and nevertheless leave parts of the population unattended. 

A third possible approach refers to the effects that changes in infrastructures 
and services cause on other infrastructures and services, as well as to the housing 
present and future locations. It is assumed that services affect others, causing chain 
reactions. Supermarkets can undermine some small business and make other bloom. 
This is the sort of problem addressed in the paper; it deals fundamentally with 
methods and techniques of urban evaluation, building upon theoretical bases already 
laid down previously, as referred below. 

2BACKGROUND 

Spatial convergence is defined in Krafta (1997) as a particular form of space 
centrality, in which the locations of a spatial system are distinguished by their 
demand/supply nature, as well as by the attractiveness each of those activities attains 
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in the urban system. Centrality, in its conventional form is a measure of spatial 
differentiation that identifies locations that fall in the shortest path between a pair of 
other locations in a system. According to that, in a spatial system of locations 
connected by adjacencies, some spaces are able to fall in the shortest route between all 
pairs of locations more frequently than others are. Those are the most central spaces of 
the system and because of that they play key roles in that spatial structure. Spatial 
convergence, as a particular form of spatial differentiation measure, considers only 
oriented pairs of locations, which are linked by complementary activities, such as 
residential - conswnption. In this way, the search for shortest paths and for central 
locations is restricted to those that match the criterion of origin-destination. The 
objectives are as follows: 

I. to identify the supply points which are most central in respect of both their 
position in relation to demand points and their size variety, to which the urban 
system converge; 

2. To rank the demand points in relation to their spatial opportunities, that is to say, 
their relative accessibility to facilities located at supply points. Such a rank will 
reflect the position of each demand point in relation to the convergence cones of 
the system; 

3. to infer location of potential new supply points which, because of their relative 
position, also have spatial privileges and so are potentially qualified for supply 
function; 

4. In addition to that, stability of stocks can be assessed. Every pair of 
complementary spaces in the system generates a tension. which is distributed 
among all the spaces that integrate the shortest path between them. Such a tensions 
could happen at very different degrees of intensity, so that a single space could 
either carry a host of similar tensions, or carry particular tension clearly higher 
than all others, In the first case, the space is submitted a several order parameters 
and could evolve to different probable statuses; in the second, the space would 
show a clear "vocation" and its stock would gradually change to adapt. 

It is assumed that each built-form unit houses only one activity, residential activity is 
rated at attractivity 0, while indicator of service size and kind will parameterise the 
attractivity of the several service activities. Weighted in this way, built-form units will 
orient relationships between demand and supply points, as well as form spatial 
clusters of supply activities. It is then asswned that demand satisfaction is a 
probabilistic function of the size and variety of supply points. The functional link 
between a demand point i and a supply point j is mediated by the reachability of j 
from i and the eventual presence of other supply points in the shortest path between i 
and j. Consequently, distance weakens the functional relationship between i and j in 
the same way as the eventual occurrence of other supply points located on the shortest 
path between them does so. 
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3 PROPOSAL 

There are two fundamental mechanisms at the model's heart; the first one calculates 
spatial opportunity by pairing residential locations and service locations. Residential 
locations are dimensionless, whereas their quantity, as well as quality of services takes 
service locations. Every residential location is projected against every service 
location; distance between origins and destinations act as a deterrence function. 
Calculation implies identification of all spaces that make up all shortest routes 
between the considered pair. Once this is determined, the origin (residential location) 
is assigned an opportunity value proportional to the attractor (service location) and to 
the quantity of spaces found in the shortest routes. The second mechanism calculates 
convergence in a similar way. This time, residential locations are quantified and 
qualified by their population characteristics, allowing the algorithm to measure each 
service location's potential consumer basin. In the same way as distance, the presence 
of other service locations in the shortest path between a considered pair will also act 
as a deterrence function, absorbing part of pair original tension and so reinforcing its 
role in the system polarisation. 

The system should then consider, on the one end, population attributes, and on 
the other services characteristics. The former would provide the opportunity to assess 
the system from the viewpoint of a specific sort of consumer (classified by rent, age, 
preference, etc.) in relation to a specific set of services, and vice versa. The proposed 
model requests a primary input matrix in which, for each spatial unit, all service and 
population characteristics is declared, as exemplified in table 1. 

The first operator's task, prompted by the model, is to choose his or her 
consumer groups, for which a new matrix is created, as table 2. Those consumer 
groups can be 
specified by selecting proportions of population classes previously declare in the input 
basic matrix. The second decision is to compose his or her service groups, in a similar 
way, forming the third matrix, as suggested in table 3. As a result, the model is fed 
with a certain amount of consumer groups and service concentrations, which can be 

Table 1: Input matrix, where each location (space) is loaded with their respective 
services and population classes, if any. Whilst the former could be declared as a 
quantity (number of residents of each class), the services could be represented by 
an equation combining quantities and qualities of services 
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Table 2: Consumer group matrix. This table allows the operator to defme the 
consumer interest groups by combining proportions of consumer classes 
previously identified 
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Table 3: Service group matrix that aJlows the operator to defme 
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related one to another. The model allows the operator do to so by prompting a 
combination menu, in which the pairs consumer-service can be linked together; table 
4 illustrates that. 

Computation is performed and results for each pair of consumer/services can 
be accessed both graphically and numerically. The graphical output can be obtained 
through a GIS software that colours up the space cell map accordingly. The numerical 
representation comes out as a list of three sorts: the measures of spatial opportunity, 
convergence and potential. In the first one only cells containing residents will appear; 
in the second one only cells containing services will appear. In both cases a same cell 
could appear in both lists, as they could house both activities. The third list contains 
only exclusive residential cells. 

Table 4: Pairing choice matrix. Each chosen cell wiD generate an output matrix 

Combination of several pair indicators produced by the model is possible. Considering 
the different results registered in correspondent matrixes, the whole set could be read 
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simultaneously in a sort of performance vectors. This is possible by fixing two of the 
three elements represented in the matrixes (spaces, measures and consumer I service 
groups) and registering the variation of the third one. In this sense, the x vector picks 
up a particular space and CxS group, showing how the different measures vary. They 
vector keeps unchanged one CxS group and one measure, displaying how the spaces 
behave; the z vector shows, for a given space and measure how the variation in the 
different CxS groups occur. The figure 1 illustrates the concept. 

A special attention is given to the "potential" output; it represents those spaces 
which have not been used for service location, although they are strategically placed 
in the spatial system. Usually these are spaces located at the edge of commercial areas, 
but also along specific routes, and are likely to be taken by commercial activity in the 
future, provided that their residential activities can be removed and stocks adapted or 
replaced. To this extent, a cross examination of potential, on the one hand, and stocks 
& activities on the other, can be carried out as a means to look at land use stability I 
instability factors . 

Figure l : This figure illustrates the three dimensional system of result tables and 
its projections on the three possible plans. On the x-z plan, different measures for 
a particular cell space is displayed; on the y-z plan, one measure behaviour for 
all spaces is displayed; on the x-y plan, consumer-service groups vary. 
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4DETAILS 

Spatial basis has been taken as an adapted cellular system where each cell is defined 
as a portion of public space between two consecutive corners, although in some cases 
larger pieces have been considered. Built form units have been included as entities 
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defined by built area, and activities have been classified according to two ranges, one 
dedicated to housing types and other to service types. 

Data is prepared within a GIS environment and exported to the algorithm, that, 
after processing, sends back to results which are associated to maps and displayed 
graphically. 

5COMMENTS 

The proposed analytical instrument is focused on the evaluation of relative 
distribution of different consumer groups and service groups. Most urban situations 
show a complex spatial distribution of resident groups and service providers in which 
a gradient of relative position adequacy is implied. The instrument, acknowledging the 
need for a multi focus analysis, allows the operator to, in the one hand, define how 
consumers and services could be classified in category groups and, in the other hand, 
to look at the spatial situation from the viewpoint of both. The measure of spatial 
opportunity express the spatial privileges of residential locations in relationship to a 
system of urban services; the measure of convergence represents the spatial privilege 
of service locations in relationship to the distribution of residents and other service 
points. Their results can be projected over two sorts of scales, a spatial one, in which 
values assigned to different spaces in a considered system can be compared, and a 
rank of spatial opportunity and convergence is established, and a temporal one, in 
which values assigned to a same space over time, in successive evaluations, can be 
also compared. In both situations, the instrument seems to be able to spot effects of 
service, as well as housing implementation over a given urban system. 

Research has continued in the direction of having formalised relationships 
between different tensions created by functionally complementary locations within a 
proximal space and urban form stability, as suggested above. Considering the 
possibility of having several pairs of functionally complementary locations in a single 
spatial system, each cell space will be submitted to a variety of tensions that could 
potentialize different scenarios: stability, in the case of coincidence between the 
predominant tension and the nature of existing stocks; instability for the contrary, 
fluctuation in the case of competing tensions, etc. 
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The objective of this paper is to analyze and compare shopping pedestrians' behaviour in shopping 
areas of Japanese and Dutch small local cities. From the view point of heuristics, shopping pedestrians' 
data were collected in the central shopping areas ofYatsushiro, Japan, and Veldhoven, the Netherlands. 
After classifying and identifying the heuristics of shopping pedestrians, those heuristics were analyzed 
and compared. Obtained results are as follows. ( 1) Most of shopping pedestrians might use temporal 
and spatial heuristics in combination. (2) Total-Distance-Minimizing or Global-Distance-Minimizing 
heuristic is mainly used as temporal heuristics, and Nearest-Destination-Oriented heuristic is mainly 
used as spatial heuristics. (3) Shopping pedestrians who use only Local-Distance-Minimizing heuristic 
intend to use Intermediate-Destination-Oriented heuristic as spatial heuristics, and not to use Nearest
Destination-Oriented heuristic. (4) Dutch shopping pedestrians' behaviour might be more rational and 
strategic than Japanese. 

l INTRODUCTION 

From the beginning, cities and central shopping areas were constructed as pedestrian 
space. Japanese castle towns and European medieval cities might be typical cities for 
pedestrians. For example, Japanese castle town Yatsushiro was built in seventeenth 
century, and its road network has been working till now as the road network of central 
shopping area of Yatsushiro city. This town was 1.5 km long from the east to the 
west, and 1.2 km long from the north to the south. The central shopping area was 
formed at the center of the city which was surrounded by moats and a river. The road 
network of the town is a kind of grid type. There was no open space in the town like a 
plaza of European cities. Shops were located along streets, and the linear shopping 
area was formed. 
In Japan, recently, big shopping centres located at suburban areas have made great 
success with car traffic development. Large parking areas and cheap goods have 
attracted many people who wanted to go shopping by car. These big shopping centres 
have been built at the site fronting main wide roads. On the other way, most of local 
small cities have developed their central shopping areas on the old road networks built 
in the pre-modem age, and then they have only small parking spaces and narrow 
access roads. These old shopping areas are clearly disadvantaged, compared with big 
new shopping centres. In addition to these, public transportation is very poor in the 
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small local cities. After all, these traditional shopping areas have suffered from both 
decreasing shopping customers and increasing closed shops. In spite of the situation, 
these old central shopping areas are important for the people who live in small local 
cities, because they have been the historical bases of regional culture, and the 
representative places of the cities. It must be true that resuscitating these old shopping 
environments is a quite important and urgent issue for the small local cities. 

At the macro level, the big-store law and the city planning law were revised, 
and the resuscitating central building area law has been started. Moreover, the big
store allocation law is going to be started. In addition to these, in order to decrease 
traffic volume, redeveloping residential facilities and adopting park and ride systems 
are needed in the central districts. However, at the micro level, it might be needed and 
important for retailers to analyze shopping pedestrians' behaviour in shopping areas. 
After analyzing shopping pedestrians' behaviour, the strategy for resuscitating the old 
shopping areas must be made by retailers themselves. 

On the contrary, in Europe, especially in the Netherlands, the central area of 
city has been kept for pedestrians only, and the sub-urban area has been kept not to 
develop shopping facilities. These policies seem to have been able to keep the central 
area's prosperity. On the other hand, based on the strategy, retailers seem to have been 
making new additions or changes to their retail environments in order to attract more 
customers. 

The objective of this paper is to analyze and compare shopping pedestrians' 
behaviour in the central shopping areas of small local cities in Japan and the 
Netherlands for considering the strategy to resuscitate them. 

2 HEURISTICS USED IN SHOPPING PEDESTRIANS' BEHAVIOUR IN 
SHOPPING AREAS 

Pedestrian movements in a small urban district have been expressed by using utility 
maximizing model. Entropy maximizing model[ 3 1 is a typical one where spatial 
interaction is applied. Pedestrian behaviour probability is expressed by using two 
variables, that is, attractiveness (shopping floor area) , and distance (minimum path 
distance). Pedestrian traffic volume on a link can be estimated by means of 
multiplying the number of pedestrians who generate at a node by probabilities for 
pedestrians to choose a link. In this model, the model is based on OD trips, and 
pedestrians' behaviour is regarded as part of aggregated pedestrian trips. After all, the 
number of trips on each link can be obtained as output. In other words, only 
aggregated trips can be estimated, however, a series of personal behaviour cannot be 
estimated. This is the shortness of these models. Now, in pedestrian traffic, it is an 
important issue to describe personal and a series of pedestrian behaviour. This paper 
intends to clarify how each pedestrian behaves in a series of shopping behaviour, and 
that is a first step to build the model using shopping pedestrians' heuristics for 
describing shopping pedestrians' behaviour in shopping areas. 
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Since 1980's, S.Hansonl 41, H.Timmermans and A. Borgersl 1 l analyzed pedestrians' 
behaviour which have more than two stops. As the result, it was made clear that a 
pedestrian who has more than two stoys uses some heuristics to decide his/her 
behaviour. H.Timmermans and his group 2 1 classified these heuristics into temporal 
and spatial heuristics. 

2.1 Temporal heuristics 
There are three temporal heuristics, that is, Local-Distance-Minimizing (LDM), Total
Distance-Minimizing (TDM), and Global-Distance-Minimizing (GDM) heuristic. If a 
shopping pedestrian who has more than two stops chooses the shortest route between 
two nodes in every trip, this is called LDM heuristic. 

Next, by considering the sequence of stop nodes, the total distance to visit all stop 
nodes can be made shortest. This problem is the same one as "salesman problem" in 
operations research field. The heuristic of this case is called TDM heuristic. At the 
last, even if a shopping pedestrian moves according to the TDM sequence, sometimes 
he/she does not make the total distance shortest. The heuristic of this case is called 
GDM heuristic. These three heuristics are classified into temporal heuristics, because 
they are related to time for completing all trips. There are relationships among LDM, 
TDM, and GDM heuristic, and the relationships are shown in table 1. Figure 1 shows 
examples of routes using LDM, TDM, and GDM heuristic. 

2.2 Spatial heuristics 
When shopping pedestrians choose destinations, there are heuristics depending on 
spatial locations of the first stop nodes from the entry point. These heuristics are 
called spatial heuristics. There are three spatial heuristics, that is, Nearest-Destination
Oriented (NDO), Intermediate-Destination-Oriented (IDO), and Farthest-Destination
Oriented (FDO) heuristic. If a shopping pedestrian chooses the nearest stop node from 
the entry point, it is called NDO heuristic. If he/she chooses the farthest node, FDO 
heuristic. In the other cases, IDO heuristic. 

Table 1 Relationship among LDM, TDM, GDM heuristic 

Sequence Sequence is not optimized Sequence is optimized 

Distance 
Between 2 nodes 
All distances between two LDM TDM 
nodes are minimized also LDM and GDM 

All distances between two The other GDM 
nodes are not minimized 
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2.3 Classifying heuristics used by shopping pedestrians 
If we can know which heuristic shopping pedestrians use and how they move in retail 
environments, we can plan shops and parking areas at the best location. If we can 
know how they combine heuristics, it might be possible to build a model which 
predicts shopping pedestrians' movements by using combined heuristics. Generally, a 
shopping pedestrian might use LDM heuristic as a temporal heuristic, and use NDO 
heuristic as a spatial heuristic[ 51. If he/she knows the area very well and can imagine 
the mental map of the area, he/she might use GDM heuristic as a temporal heuristic 
and FDO heuristic as a spatial heuristic. These things were made clear by T.Garing 
and J.Saisa[ 6 1. 

Here, how to classify and identify heuristics used by shopping pedestrians in 
retail environments is investigated. The flow chart of classifying and identifying the 
heuristics is as follows. The flow chart is shown in figure 2. 

Step 1. Making basic data 
The road network of shopping area is represented with nodes and links, and each node 
and link is numbered. From this network, distances of links and relationships among 
nodes are determined. 

Step 2. Collection of data 
From shopping pedestrians' survey, sequence data of each shopping pedestrian were 
collected, and the data consisted of node and link data which were chosen by 
correspondents. 

Step 3. Calculation of shortest routes 
By using the minimum path method, the shortest routes and the distances of the road 
network were calculated. 

Step 4. Identifying the TDM sequences 
By using the data of stop nodes and mmimum paths, the TDM sequences were 
identified, and the route distances ofTDM sequences were calculated. 

Step 5. Classifying stop nodes 
Stop nodes were classified into Nearest, Intermediate and Farthest node by using the 
distances from the entry point to the stop node. 

Step 6. Classifying temporal heuristics 
If the sequence data of a correspondent is equal to the TDM sequence, and the route 
distance of it is equal to the IDM route distance, the heuristic is classified into TDM 
heuristic. If the sequence is equal to the TDM sequence, and the route distance is not 
equal to the TDM route 
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Figure I: Examples of pedestrians' routes by using temporal and spatial heuristics 

s F 

road network GDMandNDO 

TDMandNDO LDM andlDO 
S: entry point, N: nearest destination, 1: intermediate destination, F: farthest destination 

Figure 2: Flowchart of classifying and identifying heuristics 

Step 1 Link distances, 

I 

I Step 2 Sequence data of entry, exit, 
node relationship of road network stop nodes and pedestrians' routes 

Step 3 Shortest routes and ( \ 
their distances between node 

~ ~ ~ 

I Step 4 Identifying the TDM sequence Step 5 Classifying stop nodes 
and the total distances of the routes into farthest, intermediate, 

and nearest node 

Step 6 Classifying temporal heuristics Step 7 Classifying spatial heuristics 
into LDM, TDM, GDM, the other into NDO, IDO, FDO 
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distance, the heuristic is classified into GDM heuristic. If all distances between two 
nodes in sequence data of a correspondent are equal to the shortest route distances, the 
heuristic is classified into LDM heuristic. 

Step 7. Classifying spatial heuristics 
If the first stop node of a correspondent is the nearest node from the entry point, the 
heuristic is classified into NDO heuristic, and if intermediate, IDO, and if farthest, 
FDO. 

3 COLLECTION OF DATA 

3.1 Survey of shopping pedestrians' behaviour in the central shopping area of 
Yatsushiro City, Japan 
Yatsushiro city has a population of 107,907 (national survey 1995), and it is a typical 
local city in Japan. Agriculture is one of the main industries in Yatsushiro city. 
Manufacturing industries are also main industries. Population is decreasing a little 
these years. 

Shopping pedestrian behaviour was surveyed in the central shopping area of 
Yatsushiro city in 1999. Surveyors handed questionnaire sheets and maps to 
correspondents after explanation of the survey, and they were requested to answer 
questions, and draw their routes on the maps. These sheets and maps were to be 
returned by mail to the representative surveyor. The total number of questionnaire 
sheets which were handed to correspondents was 350, and the number of returned 
sheets was 166. The ratio of returned sheets to total handed sheets was 47.4 %. The 
number of useful maps was 142, and the ratio of returned useful maps to handed total 
maps was 40.6 %. In a questionnaire sheet, gender, age, address (primary school 
district), shopping plan and mode to go to the shopping area were questioned. Entry 
point, exit point, visited shops and routes were required to be drawn on a map. 

Here, entry points, exit points, visited shops and routes were used as the data 
for analysis. The data of shopping pedestrians' routes and visited shops were made 
respectively as a link data (y-lkrt.dat) and a node data (y-ndrt.dat) . By summing these 
data, pedestrian traffic volume on each link and attracted pedestrian volume on each 
node can be calculated. In Yatsushiro central shopping area, two super markets which 
are located on the east and the west end of the shopping street and the branch of 
department store which is located on the center of shopping street attracted a lot of 
pedestrians. Pedestrian flow and attracted pedestrians are shown in figure 3. 

3.2 Survey of Shopping Pedestrians' Behaviour in the Central Shopping Area of 
Veldhoven City, the Netherlands 

Veldhoven is a small city, and the population is 40,043 (national static of the 
Netherlands 1995), and the central shopping area was planned and built recently as 
the central shopping center of the city. In this shopping center, H. Timmerrnans and 
his group of Eindhoven university of technology surveyed shopping pedestrians' 
behaviour in 1993. Questionnaire sheets and maps were also used here as Yatsushiro's 
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Figure 3: Traffic volume and attracted pedestrians in Yatsushiro 
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Figure 4 Traffic volume and attracted pedestrians in Veldhoven 
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survey. However, here, surveyors directly interviewed people who finished their 
shopping, and collected data. From this data, as well as Yatsushiro's survey, entry 
point, exit point, visited shops and routes were picked up. The number of data was 
895. Removing the data which had no stop node, 857 data were adopted. The data 
consisted of two parts, that is, link data (v-lkrt.dat) and node data (v-ndrt.dat). 

By summing these data, traffic volume of each link and attracted pedestrians 
of each node can be calculated, and they were shown in figure 4. In Veldhoven, a lot 
of people were attracted at the center points of the main street, and there were many 
traffic pedestrians on the links near by the center points. According to figure 4, 
pedestrian flow is a linear type. 

4 COMPARISON BETWEEN JAPANESE AND DUTCH SHOPPING 
PEDESTRIANS' BEHAVIOUR 

4.1 Comparison of the results of classified heuristics 
In this section, it is intended to compare and consider Japanese and Dutch shopping 
pedestrian behaviour. First, applying the classifying method of heuristics described in 
the previous section to Y atsushiro and Veldhoven shopping pedestrians' behaviour 
data, heuristics of correspondents were classified into six heuristics, that is, LDM, 
TDM, GDM heuristic as temporal heuristics, and NDO, IDO, FDO heuristic as spatial 
heuristics. The results are shown in table 2 and table 3. As it is shown in table 1, if 
TDM heuristic is true, LDM and GDM heuristic are also true. In order to agree the 
total number of heuristics with the number of correspondents, the number of LDM 
heuristic is limited to the case where correspondents use only LDM heuristic, and 
don't use the other temporal heuristics. The number of GDM heuristic is also limited 
to the case where correspondents use only GDM heuristic, and don't use the other 
temporal heuristics. 

According to table 2 and table 3, in temporal heuristics, there are many TDM 
and GDM heuristic cases. In Yatsushiro, the total of TDM and GDM heuristic cases 
shows 75.3 %. In Veldhoven, more correspondents, that is, 87.5% correspondents use 
TDM or GDM heuristic. In Yatsushiro, there are 18.3 % correspondents who are 
classified into the other, however, in Veldhoven only 9.7 % correspondents are 
classified into the other. Many correspondents in Yatsushiro and Veldhoven use TDM 
or GDM heuristic, but compared with Yatsushiro, correspondents ofVeldhoven seem 
to be more rationally and strategically. 

About spatial heuristics, NDO heuristic is the most used heuristic in both 
Yatsushiro and Veldhoven, and 69.0 %in Yatsushiro, 72.7 % in Veldhoven. FDO, 
IDO heuristic are following to NDO. Yatsushiro and Veldhoven are very similar in the way 
to use spatial heuristics. 
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Table 2: Heuristics ofYatsushiro central shopping area 

Temporal heuristics Spatial heuristics 
Heuristic Persons Ratio Heuristic Persons Ratio 

(%) (%) 

LDM 9 6.4 NDO 98 69.0 
TDM 51 35.9 IDO 20 14.1 
GDM 56 39.4 FDO 24 16.9 
The other 26 18.3 - - -
Total 142 100.0 Total 142 100.0 

Table 3: Heuristics ofVeldhoven central shopping area 

Temporal heuristics Spatial heuristics 
Heuristic Persons Ratio Heuristic Persons Ratio 

(%) (%) 
LDM 24 2.8 NDO 623 72.7 
TDM 394 46.0 IDO 82 9.6 
GDM 356 41.5 FDO !52 17.7 
The other 83 9.7 - - -
Total 857 100.0 Total 857 100.0 

Table 4: Cross table ofheunstJcs m Yatsush1ro central shoppmg area 

NDO IDO FDO Total 

Person Ratio Person Ratio Person Ratio Person Ratio 
s (%) s (%) s (%) s (%) 

LDM 3 2.1 4 2.8 2 1.5 9 6.4 
TDM 40 28.2 4 2.8 7 4.9 51 35.9 
GDM 42 29.6 4 2.8 10 7.0 56 39.4 
The 13 9.2 8 5.6 5 3.5 26 18.3 
other 
Total 98 69.1 20 14.0 24 16.9 142 100.0 

Table 5 : Cross table of heuristics in Veldhoven central shopping area 

NDO IDO FDO Total 

Person Ratio Person Ratio Person Ratio Person Ratio 
s (%) s (%) s (%) s (%) 

LDM 10 1.1 9 1.1 5 0.6 24 2.8 
TDM 335 39.1 12 1.4 47 5.5 394 46.0 
GDM 245 28.6 26 3.0 85 9.9 356 41.5 
The 33 3.9 35 4.1 15 1.8 83 9.7 
other 
Total 623 72.7 82 9.6 152 17.8 857 100.0 
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4.2 Comparison of the cross tables between stop nodes and heuristics 
Next, cross tables were made between stop nodes and used heuristics on Yatsushiro 
and Veldhoven data. The results were shown in figure 5 and figure 6. The 
correspondents who make less than four stops highly tend to use TDM or GDM 
heuristic. On the other hand, the other comes up, when correspondents make more 
than three stops. If correspondents make more stops, the ratio of the other increases. 
When correspondents make more than five stops, correspondents who use TDM or 
GDM heuristic rapidly decrease, and correspondents who use the other heuristic 
increase rapidly. 

About spatial heuristics, when stop node is one, both Yatsushiro and 
Veldhoven have 100 % correspondents who use NDO heuristic. However, when 
correspondents make two stops, the ratio of correspondents who use FDO heuristic 
become larger. When the number of stop nodes become five, IDO heuristic ratio 
becomes the maximum. 

4.3 Comparison of the cross tables between temporal and spatial heuristics 
Next, in order to see the association between temporal and spatial heuristics, table 2 
and table 3 should be remade to cross tables of spatial and temporal heuristic. These 
are table 4 and table 5. According to these, in Yatsushiro, correspondents who use 
GDM and NDO heuristic are the most, and the ratio of them is 29.6 %. Next, 
correspondents who use TDM and NDO heuristic is 28.2 %. On the other hand, in 
Veldhoven, the case TDM and NDO heuristic is the most, and the ratio is 39.1 %. The 
case GDM and NDO heuristic is 28.6 %, and the case TDM and FDO heuristic, which 
is the most strategic case, is 4.9% in Yatsushiro, and 5.5% in Veldhoven. 

Moreover, in order to investigate the association between temporal and spatial 
heuristics, log-linear test was done to table 4 and table 5. The results are shown in 
table 6 and table 7. They shows positive or negative extent of association among 
categorical variables. 

In Yatsushiro, there is positive association in 5 % level of significance 
between TDM and NDO heuristic, also positive between GDM and NDO heuristic in 
5 % level, and negative between LDM and NDO heuristic in 5 % level, positive 
between LDM and IDO heuristic in 5% level. That is, in Yatsushiro, (1) pedestrians 
who use TDM or GDM heuristic as temporal heuristics intend to use NDO as spatial 
heuristics. (2) Pedestrians who use GDM heuristic as temporal heuristics intend not to 
use IDO heuristic. (3) Pedestrians who use only LDM heuristic intend not to use NDO 
heuristic as spatial heuristics, and intend to use IDO heuristic. 

In Veldhoven, there is positive association between TDM and NDO heuristic 
in 0.1 % level of significance, and negative between TDM and IDO heuristic in 0.1 % 
level. There is also positive between GDM and NDO heuristic in 5 % level, negative 
between GDM and IDO heuristic in 0.1 % level, and positive between GDM and FDO 
heuristic in 5 % level. Next, there is negative between LDM and NDO heuristic in 1 
% level, positive between LDM and IDO heuristic in 1 % level. There is also negative 
between the other and NDO heuristic in 0.1% level, positive between the other and 
IDO heuristic in 0.1% level. That is, in Veldhoven, (1) pedestrians who use TDM 
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Figure 5: Relationship between stop nodes and heuristics in Yatsushiro 
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Figure 6: Relationship between stop nodes and heuristics in Veldhoven 
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Table 6: Log-linear test results of cross table of temporal and spatial heuristics 
(Yatsushiro central shopping area) 

Heuristics Effect Standard z p-value Signif-
error icance 

level 
LDMbyNDO -0.743 0.376 -1.979 0.0479 * 
LDMbyiDO 0.757 0.369 2.054 0.0399 * 
LDMbyFDO -0.014 0.423 -0.033 0.9736 

TDMbyNDO 0.566 0.230 2.464 0.0137 * 
TDMbyiDO -0.524 0.315 -1.665 0.0959 
TDMbyFDO -0.042 0.287 -0.147 0.8830 

GDMbyNDO 0.480 0.224 2.142 0.0322 * 
GDMbyiDO -0.659 0.311 -2.121 0.0339 * 
GDMbyFDO 0.179 0.270 0.664 0.5067 

OtherbyNDO -0.302 0.246 -1.228 0.2193 
Other by IDO 0.425 0.278 1.530 0.1259 
Other by FDO -0.123 0.302 -0.407 0.6837 

*means 5.0% significance level 

Table 7: Log-linear test results of cross table of temporal and spatial heuristics 
(Veldhoven central shopping area) 

Heuristics Effect Standard 
error 

LDMbyNDO -0.577 
LDMbyiDO 0.722 
LDMbyFDO -0.145 

TDMbyNDO 0.921 
TDMbyiDO -1.004 
TDMbyFOO -0.083 

GDMbyNDO 0.257 
GDMbyiDO -0.581 
GDMbyFOO 0.324 

OtherbyNDO -0.600 
Other by IDO 0.863 
OtherbyFDO -0.263 

• means 5.0% significance level 
•• means 1.0 % significance level 

••• means 0.1% significance level 

0.217 
0.227 
0.259 

0.119 
0.174 
0.144 

0.107 
0.140 
0.127 

0.140 
0.148 
0.171 
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z p-va1ue Signif-
icance 
level 

-2.657 0.0079 ** 
3.176 0.0015 ** 

-0.557 0.5774 

7.731 0.0000 *** 
-5.779 0.0000 *** 
-0.577 0.5638 

2.406 0.0161 • 
-4.140 0.0000 ••• 

2.559 O.oJ05 • 
-4.273 0.0000 ••• 

5.815 0.0000 ••• 
-1.538 0.1240 



heuristic as temporal heuristics intend to use NDO heuristic as spatial heuristics, and 
not to use IDO heuristic. (2) Pedestrians who use GDM heuristic as temporal 
heuristics intend to use NDO or FDO heuristic, and not to use IDO heuristic. (3) 
Pedestrians who use only LDM heuristic intend to use IDO heuristic, and not to use 
NDO heuristic. (4) Pedestrians who use no heuristic (the other) intend to use IDO 
heuristic, and not to use NDO heuristic. 

After all, in both Yatsushiro and Veldhoven, pedestrians who use TDM or 
GDM heuristic as temporal heuristics, intend to use NDO heuristic as spatial 
heuristics. This combination of temporal and spatial heuristics might be the feature of 
pedestrians who are strategic. On the other hand, pedestrians who use only LDM 
heuristic, intend to use IDO heuristic, and not to use NDO heuristic. This shows the 
feature of pedestrians who are not strategic. These features might be common beyond 
differences among countries and regions. 

Moreover, in Veldhoven, pedestrians who use TDM heuristic as temporal 
heuristics intend not to use IDO heuristic as spatial heuristics, and pedestrians who 
use GDM heuristic intend to use FDO heuristic. Pedestrians who does not use any 
heuristic (the other) intend to use IDO heuristic. 

5 CONCLUSIONS 

Based on the data, from the view point of heuristics, this paper analyzed shopping 
pedestrians' behaviour in retail shopping areas in small local cities of Japan and the 
Netherlands. The conclusions obtained are as follows. 
(I) Most of pedestrians might use temporal and spatial heuristic in combination to 

decide their behaviour. 
(2) TDM or GDM heuristic is mainly used as temporal heuristics, and NDO heuristic 

is mainly used as spatial heuristics. The combination of these two heuristics is 
mostly used, and it might be a feature of strategic shopping pedestrians. 

(3) Shopping pedestrians who use only LDM heuristic intend to use IDO heuristic as 
spatial heuristics, and not to use NDO heuristic. This might be a feature of non
strategic pedestrians. 

(4) Dutch shopping pedestrians intend to use heuristics more clearly than Japanese 
ones, and they might be more rational and strategic than Japanese. 
It might be important issues in future to build a model which predicts shopping 

pedestrians' behaviour in order to make better plans for shop and parking location. 
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ABSTRACT 

a case example 
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Delft University of Technology 
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Interorganisational design is a new method for cooperation between all the experts, specialists and 
decision-makers in the design team. The method reflects the 'multi-actor' and 'multi-party' negotiation and 
decision-making common today in architectural and urban design. In this method, the terms 'designer', 
'group', and ' optimum design' are interpreted more broadly than is common in established design 
methodology: a designer is anyone who has an impact on a design, whether professional or not; the group 
of designers therefore also includes non-professional designers; and what design result is considered 
optimum is decided jointly. Interorganisational design consciously distances itself from the position 
adopted by many professional designers, who believe that professional group optimisation must be 
regarded as distinct from, and a necessary prerequisite for, social group optimisation. In other words, the 
method sees the optimum social design not as a deriviation from the optimum professional design. 

I INTRODUCTION 

Designers working in architecture and urban planning are being confronted more and 
more frequently with huge solution spaces, filled with thousands of alternative 
combinations of possible sub-solutions supplied by a host of specialists. As a result of 
this, their quest for the optimum design tends increasingly to run aground in a 
'combinational explosion' . At such moments, there are too many options, too many 
opinions and too many alternatives. 

If designers bring in the expertise of specialists to reduce the size of the solution 
space, their position becomes even more difficult. Specialists only select those 
combinations of options that lie within their own discipline. When the designers go on to 
combine these selections, they find that the specialists were not sufficiently capable of 
independently assessing which combination was important for the whole, and which was 
the mostly likely to meet the goals of all involved. 

Many designers attempt to deal with this dilemma of 'too many combinations at 
the start' and 'too few options after the selection' by setting up a broadly-based design 
team. Within such a team, the designers work with specialists, jointly exploring the 
solution space and determining the best combination of sub-solutions. Unfortunately, this 
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approach also tends to run aground often, when the client and users fail to approve the 
result produced by the professional design team. They might find it 'too ambitious', 
'unfeasible' or feel that it 'fails to cater adequately for the social context' . 

To prevent this kind of rejection, designers often enlist the aid of process experts, 
asking them to devise a decision-making process for the team. This process sets out what 
has to be produced when, and who should decide what: first produce and approve this 
sub-design, then the next etc. This enables the team to work towards a result with some 
degree of certainty, but also entails the risk that a series of sub-optimum design decisions 
will lead to a sub-optimum design result. 

Experts are also available to deal with this problem: quantity surveyors. They 
know the calculation rules, key statistics and standards. The designers can have them 
quantitatively assess all kinds of options. Unfortunately, this approach often results in 
mathematically perfect solutions that meet all the standards but are of poor quality and 
anything but innovative. 

Ever since I studied architecture and urban planning at Delft University of 
Technology, I have been keen to tackle the problems designers encounter with combining 
sub-solutions, producing design information and quantifying design decisions. For years I 
conducted all kinds of experiments, both practical and theoretical, together with my 
colleagues in the University's OPM Research Group. These experiments focused on the 
question of how and under what conditions design teams should work together to achieve 
the optimum group design. When I began work for my doctoral thesis in 1989, I had a Jot 
of ideas, but the overall picture was vague. After a number of years, my growing insight 
into the crux of the matter also clarified what really is a big problem in the present design 
situation in architecture and urban planning. I should like to illustrate this with the 
following tale (developed by Van Gunsteren, Krebbers and Van Loon, 1997). 

2 THE SJOELBAK GAME 

A designer who had been given a very complex design commission wanted to know 
before he started whether the client realised what he was getting into. He therefore invited 
him to his design studio so that he could become acquainted with the fascinating but 
often difficult work of design. The client was entirely unfamiliar with the design 
profession, and had never commissioned a designer before. 

The designer had come up with an unusual way of immediately and tangibly 
illustrating the design profession. He had set up a Sjoelbak game right in the middle of 
his studio. Sjoelbak (shuffleboard) originated in Friesland, a province in the north of the 
Netherlands, where it is a popular family entertainment. It consists of a long rectangular 
wooden box (the shuffleboard itself). The players slide wooden disks, known in old 
Frisian language as 'sjoelen' (similar to slide ice hockey pucks) with their hand from one 
end of the box to the other, through a number ofholes (originally four), which all carry a 
different score. The person who scores the highest number of points with a given number 
of pucks is the winner (Figure 1 ). 
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The designer began playing and pushed a number of pucks in the direction of the holes. 
Then he stopped. The state of the game at that point was just right to explain to the client 
the complexity of the design commission (Figure 2). 

Figure I: Tbe sjoelbak game Figure 2: Tbe first game 

••• • •• • •·· ··············~ designer • • ..... • • 

"Let's say," said the designer "that each puck is one of your design requirements. If a 
puck is in the hole, then a certain percentage of your requirement has been met, 
depending on the hole's score. However, if the puck is still on the board, your 
requirement has not been met. The pucks that still have to be played are all the 
requirements we have yet to look at. Because you can't get all the pucks into the holes at 
once and because not all the pucks will fit in the hole with the highest score, I'll have to 
play the game several times to get the best score - or the best combination of 
requirements. How often will I have to do this? When will I have achieved the best 
combination? Who can say? Is it indeed possible? And how can I improve my chances?" 

The client studied the situation carefully, remembering the game from his youth. 
"Why have you made things so difficult by trying to use so many holes at once? If you 
leave a few open and close the rest it will be a lot easier, you'll be finished a lot sooner 
and I'll get my design more quickly." 

Of course the designer had expected him to say this. He called two experts from 
his office into the studio. They played the game together, on a shuffleboard the designer 
had prepared beforehand so that three people could play simultaneously. The experts 
were told to send the pucks in a certain direction by pushing in the sides of the board 
(Figure 3). 

Figure 3: Tbe prepared sjoelbak 

••• ... 
..... 

Figure 4: Tbe second game 

designer • 
• 

The designer now pushed a number of pucks towards the holes, while the experts pushed the 
sides so that the pucks landed in their preferred holes. After a few more pucks had been played, 
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the game nicely illustrated how reducing the number of holes with the aid of experts 
could influence the outcome (Figure 4). 

"If we don't use all the holes," explained the designer "there are fewer possible 
combinations so there's more chance we'll get a quick result. As you can see, the experts 
did a great job helping to reduce the number of holes that were in play. But there's a big 
risk here. Did the experts send the pucks in the right direction? Was it acceptable to ditch 
a number of requirements? Is the score really bad in the area the experts weren't directing 
the pucks at?" 

The client looked desperate. "Listen, you're well known as a good and, above all, clever 
designer. That's why I chose you. So how exactly are you going to deal with this?" Of course the 
designer had hoped the client would say this. To illustrate his planned approach, he adjusted the 
shuffleboard further so that more players could play at the same time. The designer had a few 
more people from his office come over to the studio. They all, including the client, stood around 
the board. It had been adjusted so that the direction of the pucks would be affected in a variety of 
ways. The players at the sides of the board could steer the pucks by pushing or pulling at the 
sides, which were hinged (Figure 5). 

After the designer had pushed a number of pucks towards the holes, between the 
now flexible sides, the situation was such that he could explain precisely how he intended 
to approach the design commission (Figure 6). 

Figure 5: The prepared sjoelbak Figure 6: The third game 

designer • 
• 

e, e, e. e. e 10 

"Look," he said, "now everyone has affected the outcome, but we don't know who had 
what effect. We do know however that everyone had to take account of everyone else. 
We were all connected by the box, the flexible sides, the pucks and the holes. The 
outcome was not known at the outset. No one was able to steer the pucks entirely as he 
wanted. If we play the game like this a few times, we'll get better at it, and be able to 
arrange the sides properly, so that we eventually arrive at something that reflects our 
group preferences. And we can also arrange to leave open the possibility of pushing the 
pucks into certain holes at a later stage." The client now fully realised what he had 
embarked on. He was particularly pleased with the idea that he could involve also people 
other than professional designers directly in the process. 
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3 CASE EXAMPLE 

The central issues I shall outline and attempt to address can be briefly described on the 
basis of the events that took place in the Lijnbaan urban renewal project in Dordrecht 
(Van Loon, Leenman and Dinkla, 1985a). 

For a number of years attempts had been made to draw up plans for this project, 
but to no avail. The neighbourhood was deteriorating, the sites where factories had been 
demolished were becoming wastelands and many of the old houses were in a very poor 
state of repair. There came a point where a member of the municipal council decided that 
there had to be a breakthrough. A new project leader was appointed and he was given one 
year to produce a feasible plan and obtain approval for its implementation. The OPM 
Group was called in to provide support for the design process with their goal processing 
method and mathematical models for decision-making support. 

The project group based their approach on the 'integration of all the aspects 
involved' and 'parallel operation' on the assumption that only in this way would it be 
possible to complete the assignment within the specified time. We did in fact succeed in 
this. Within three months the integrated solution space had been defined, all the parties 
involved had formulated their requirements and constraints and this had all been 
incorporated into a computer optimisation model. The initial mathematical solution 
which fulfilled all the requirements could thus be produced. 

In the following three months the solution was expanded to become an urban 
redevelopment programme for the area, which included requirements regarding the type 
and number of houses, amount of greenery, streets and parking, public and private areas, 
land costs, etc. While this stage progressed well, the following phase stagnated. 

The residents' committee and the housing association found that within the 
solution space that had been accepted by everyone a number of different designs were 
feasible. The housing association's architect, who was responsible only for designing new 
housing, presented an overall plan for the area that was completely different from that of 
the municipal urban planning agency. 

A great deal of confusion arose in the group. Communication between the 
architect and the urban designers was problematic. Both had extremely firm ideas on the 
land use plan. It had been ascertained on the basis of the computer optimisation model 
that both plans fulfilled the requirements of the redevelopment plan. However, it proved 
impossible to reconcile the differences regarding aspects which are difficult to quantify 
such as greenery, urban character and living environment. 

It emerged at that point that separating the computer-related aspects and the 
aspects which are highly individual in nature only intensified the confrontation. People 
could no longer take refuge behind the norms, requirements and rules of their disciplines 
as the computer model had made them explicit and transparent. The debate was now 
about ideas and opinions. 
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Figure 7: Municipality's plan (Urban Planning Agency, Dordrecht) 

I ~ 

architect's plan 

Figure 8: Architect's plan (EGM Architects, Dordrecht) 

In retrospect the problem of stagnation was solved fairly easily and logically. The 
municipal councillor was presented with both land use plans and he asked the future 
residents and the housing association which one they preferred. They were unanimous in 
their choice of the architect's plans. These were presented to the council, approved and 
implemented. 

This case example contains almost all the characteristics of interorganisational 
design described in my thesis: 

The shift towards decentralised design : when, after the council's decision, the 
local paper reported that the monopoly of the municipal urban planning agency had been 
brought to an end, many people realised that there was no longer one central place where 
a single design was produced and decided on. Such a move had already been proposed in 
many public consultation documents and political manifestoes published by the 
municipality ofDordrecht but it had now become a reality. 

Team design as a multi-party negotiating process: the residents' committee had 
participated in the process from the outset. However, as soon as they presented 
themselves as an independent party with their own views trying to achieve their own 
goals by means of negotiation with a municipal councillor and the formation of a 
coalition with the housing association and the architect, the professional designers tried to 
exclude them from the team process. They did not, however, succeed in this, because the 
councillor, with his social-democratic background, was heavily in favour of negotiating 
with users and residents, including during the design process. 

Design optimisation as a form of social welfare optimisation: because nothing had 
been done in the Lijnbaan area for years there was a great deal of pressure for the project 
to produce results fast. There was also a degree of mistrust towards the experts who had 
not been able to produce a viable plan. However, as the first optimum calculation had 

193 



ERRATUM 

Missing figure of page 193 (Chapter by Peter Paul van Loon) 
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incorporated various constraints and requirements- professional, political and from the 
residents themselves- the project group could move seamlessly from professional design 
optimisation to social welfare optimisation, all within one decision-making process. 

Acknowledgement of an individual design decision area for each team member: 
the decision areas had naturally already been allocated within the municipal urban 
planning agency. The fact that outside participants, such as the residents' committee and 
the housing association, also had a decision area, possibly independent thereof but 
nevertheless able to strongly influence the outcome, came as a surprise to the experts. 
The political nature of the multi-party design process: the fact that the problem of 
stagnation was solved through political channels would have been logical if this aspect 
had been recognised in the process from the outset. 

REFERENCES 

Ackoff, R. L., and Sasieni, M. W. (1968). Fundamentals of Operations Research, J. 
Wiley & Sons, London. 

Argyris, C., and Schon, D. A. (1996). Organizational Learning II, Theory, Method, and 
Practice, Addison-Wesley Publishing Company, Reading Mass. 

Bijl, A. (1995). Ourselves and Computers, Difference in Minds and Machines, 
MacMillan, London. 

Fisher, R., and Ury, W. (1984). Getting to Yes, Hutchinsin & Co., London. 

Friend, J. K., and Jessop, W. N. (1969). Local Government and Strategic Choice, An 
Operational Research Approach to the Process of Public Planning, Tavistock 
Pub!. Ltd, London. 

Gunsteren, L.A. v. (1992). Management of Industrial R&D, A Viewpoint from Practice, 
Eburon, Delft. 

Loon, P. P. v., Leenman, P., and Dinkla, F. (1985). "G/obaa/ Inrichtingsprogramma en 
Haalbaarheidsstudie Woningbouwlokatie Lijnbaan Dordrecht." , TU Delft, 
Faculteit der Bouwkunde, OPM-Groep, Delft. 

Loon, P.P. van (1998). Interorganisational Design, A new approach to team design in 
architecture and urban planning, PhD Thesis TUDelft, Delft. 

Loon, P. P. van (1999). "Interorganisational Design, A new approach to team design in 
architecture and urban planning, a case example." In: Revue des Sciences et 
Techniques de Ia Conception, Europia Productions, Paris, Vo17-No. 1, pp 3-10. 

194 



Pollalis, S. N., ed. (1994). "Case Studies on Management and Technology in the Design 
Process.", TU Delft, Faculteit der Bouwkunde, Publikatieburo, Delft. 

Radford, A. D., and Gero, J. (1988). Design by Optimization in Architecture, Building 
and Construction, Van Nostrand Reinhold Comp., New York. 

Schon, D. A. (1983). The Reflective Practitioner, How Professionals Think in Action, 
Basic Books Inc, New York. 

195 



ABSTRACT 

A Virtual Interactive Urban Planning System 
Karma-vi 

Gert van Maren 1, 

Jules Moloney? 

Faculty of Civil engineering and Geosciences' 
Department of Geodesy 

Delft University of Technology 
The Netherlands & 

Asset Information Systems 
PO Box 102 032 NSMC 
Auckland, New Zealand 
University of Auckland2 

School of Architecture 
Private Bag 92019 

Auckland, New Zealand 

Virtual Reality is a new way of visualising and manipulating GIS data. 2D GIS data can be used, 
together with 3D CAD data, to generate a virtual world in which the user can navigate, query and 
manipulate the GIS and 3D CAD data. Over the past 2 years, we have developed the Karma-vi system 
which is a Virtual Reality interface on a standard GIS database that supports visualisation, 
manipulation and editing of the GIS and CAD data in a virtual environment. The system uses a multi
view mode approach where each view mode has a preferred VR display. In the near future, the system 
will be used by the School of Architecture, Auckland University, New Zealand, to generate a 3D-city 
model of Auckland. After completion of the model, urban planners will be able to employ Karma-vi as 
a design and analysis tool in their planning process. The system supports manipulation of the GIS and 
CAD data and will offer functionality to perform analyses such as visual impact analysis and shadow 
analysis. In this paper, we frrst describe the design and functionality of the basic Karma-vi system. 
Next, we will give an overview of new applications like virtual harvest planning and real-time 
streaming animation. 

I BACKGROUND 

Virtual Reality (VR) techniques are more and more used for large-scale depiction of 
the built envirorunent in the process of design planning for urban settings. By creating 
a (make-believe) reality, designers, politicians and citizens are able to evaluate the 
prospective situation in a very direct way. This kind of presentation is often only the 
last step in the whole process of problem orientation (plan study), plan development 
(model study) and decision-making. To be better than that, VR has to contribute more 
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to the planning process than just a real-time renderer, which is nowadays also possible 
with existing CAD-systems. 

The aim of the development of the system Karma-vi was to integrate GIS, 
CAD and VR in such way that the whole process of design planning could be 
supported by one, for this purpose specific equipped GIS& VR system. The system 
was originally developed and built by the departments of Geodesy and Technical 
Informatics of the Delft University of Technology (DUT), in a co-operation of several 
engineering, visualisation companies and the ITC. The research was supported by the 
Dutch Land Water Environment Information Technology Foundation. This support
program concluded at the end of last year and Karma-vi is now being further 
developed for forestry and urban applications in a joined effort of the DUT with Asset 
Information Systems in New Zealand. 

2KARMA-vi 

Karma-vi is a Virtual Reality interface on the Spatial Database Engine (SDE) that 
supports visualisation, manipulation and editing of standard GIS data from within a 
VR environment. The software uses the multi-view mode approach where each view 
mode has a preferred VR display system. 

2.1 Multiple views 
Research (Maren et al., 1998) showed that potential users of a GIS&VR system, 
would prefer multiple views on the data to be able to interact with that data in a virtual 
environment. We therefore decided to implement three views on the data. 

Plan View: In this view, geographic data is visualised in a conventional 
cartographic map format (figure 1a). Spatial objects are represented by 2D points, 
lines, and polygons. The plan view is most efficient on a monitor with window and 
mouse interaction. 

Model View: Visualisation in this view is kept simple and the user looks down 
on the model from the bird's eye viewpoint, as if it is an ordinary 3D-scale model 
(figure 1b). For this view, a virtual workbench (Kriiger, 1995) is an appropriate 
display system. 

Worldview: This is the first person view on the area of interest. The purpose of 
this view is to give a realistic impression of the landscape, using both visual and audio 
output. The user can 'walk through' the geographic data, which is visualised using 
detailed 3D CAD models and textures (figure 1c). The world view is best viewed with 
a truly irnmersive display, such as a Head Mounted Display (HMD) or a surround 
projection display, for example, theCA VE (EVL 2000). 

2.2 System components 
The major components of the system are the GIS database and the VR system. We 
selected Spatial Database Engine (SDE) from ESRI (ESRI 2000) as the GIS database 
and the WorldTooiKit from Sense8 (SENSE8 2000) as the VR system. Figure 2 
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shows the basic set-up. Karma-vi is built as a client application on SDE. This way, 
existing GIS applications (like ArcView or Arc/Info) can make use of the same data. 

The shape co-ordinates, which are retrieved from SDE, are used to defme the 
WTK geometry's for the plan, model and (part of the) world view. Shape attribute 
data are used to correctly generate and/or display 2Y2D and 3D geometry's. 

CAD model data are imported from external CAD-systems. At this stage, 
editing of the 3D CAD is not part of the Karma-vi system. In the future, we might 
decide to add extra functionality to be able to edit the 3D CAD data from within the 
system. 

Figure 1: Centre of the city of Auckland in New Zealand. The dot in the plan view 
(centre, bottom) represents the position of the viewpoint for the model 
view and world view 

2.3 Functionality 
One of the main objectives of the research project at the DUT was to build a 
client/server application, that would allow real-time manipulation and editing of GIS 
data in a VR environment. Furthermore, the user would have to be able to perform 
basic GIS analyses to support the manipulation of the data. 

2.3.1 Manipulation 
Within Karma-vi, several functions have been developed to be able to manipulate the 
GIS and 3D CAD data directly via the different VR interfaces. Basic translation and 
rotation functions can be used to manipulate individual or groups of objects (see 
figure 3). 

2.3.2 GIS 
Basic GIS functionality is available in all views to support the manipulation of the 
scene. At this stage of the project, the following GIS functionality is implemented: 
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Figure 2: The Karma-vi system set up 

SDE 
server 

KARMAl'l 

Figure 3: Manipulation of a 3D CAD object 

Identify 
GIS objects can be identified from plan, model and world view by selecting an object. 
The record containing the object's thematic data is then retrieved from the SDE and 
displayed in 3D (figure 4a). It is also possible to play videos in the 3D world 
displaying additional information about the object. 
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2D buffering 
Performing a 2D spatial query or buffer is a typical GIS operation for which Karma-vi 
provides a front-end. A user selects one or more GIS objects and sets buffer 
parameters like radius and the GIS layer in which the spatial query is to be performed. 
The actual buffer analysis is performed on the SDE server and the result is sent back 
to Karma-vi (figure 4b). 

3D measuring 
Measuring distances is a simple GIS analysis, which can easily be integrated in a 
Virtual Reality environment, when accuracy is not an issue. With Karma-vi, users can 
interactively 'measure' distances between 2D or 3D GIS objects by pointing and 
dragging a 3D line. This allows a quick analysis of object-to-object distances, CAD 
model detail dimensions and object heights (figure 4c). 
An extended overview of the multi-view approach, system components and 
functionality of the software can be found in Maren eta/. , 1999 and Verbree eta/, 
1999. 

3 NEW APPLICATION AREAS 

We implemented the core Karma-vi system in such a way that specialised add-on's 
can be easily built to for specific application areas. In New Zealand, for example, we 
are developing a virtual harvest planning system for the forestry industry and a real
time VR animation viewer. 

Figure 4: GIS functionality 

3.1 Forestry add-on 
A virtual harvest planning system can be extremely helpful during different stages of 
the harvest planning process (Hammond 1995). First, planners need to get a 'feel' for 
the way the country is put together. Traditionally, this is done with the help of 2D 
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contour maps and a considerable amount of field checking which can prove to be 
quite difficult due to poor ground visibility. The amount of time in the field can be 
greatly reduced by a system such as Karma-vi. Planners can get a 'feel' for the country 
by flying over it in virtual reality and switching the vegetation on and off (figure 5a 
and b). In addition, analyses such as the planning of roads (figure 5b and c), the 
locating of harvesting landings and analysis of different harvesting options can be 
done faster using Karma-vi. 

Figure 5: Virtual harvest planning system 

3.2 Virtual Camera 
Virtual Camera (VC) is an add-on to Karma-vi that allows the user to experience 
animated objects in a virtual envirorunent in real-time. VC reads streaming 
position/time data for any number of objects and animates the objects in the virtual 
world. Positional data can be in real world co-ordinates (for example GPS data), 
which allows integration with GIS data in the scene (figure 6a,b,c). Timing data can 
be at any interval. VC continuously interpolates between timing points, allowing for 
smooth animation of all objects throughout the sequence. Objects are orientated in the 
direction of movement. The animation can be paused, resumed, stopped and restarted 
at any time. VC can be configured to read streaming data of a server over the Internet 
or read local animation files generated by the user. 

4 FUTURE DEVELOPMENTS 

At present, the KarmaVI software is operational on PC, Virtual and the CAVE. In 
New Zealand, we will further develop virtual camera and the forestry add-on, 
concentrating on interactive terrain manipulation and 3D volume calculations, 
necessary for cut and fill analyses. Furthermore, the School of Architecture at the 
University of Auckland is undergoing research on the application of Karma-vi as a 
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Figure 6: Integration of animation data with GIS data stored in SDE 

tool for Urban Design. A model of the Auckland central business district that will 
incorporate GIS data, CAD models and video is under construction. The school 
preferred Karma-vi over VRML or other VR software because of this ability to 
combine a range of file types in one responsive data base. The model will be used to 
undertake a user survey of responses from designers and planning professionals as 
well as the public. The research is expected to generate user guidelines for the future 
development of functionality specific to urban design. It is anticipated that the city 
model will also be used as part of the evaluation process for an international 
competition on the development of the Auckland waterfront. 
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The facility development process addresses issues that fall on a continuum from abstract level policy 
and planning issues to more concrete physical ones, with each category along this continuum 
subsuming a particular set of issues from the least to the most specific. Parallels can be drawn between 
the facility development process and the building delivery process. Ultimately buildings, as all 
environments, are settings that support human activities manifest in particular behaviour patterns. So 
the business of designing effective, appropriate and sustainable physical environments has to occur in 
tandem with an understanding of behaviour patterns. It has been argued that attempts to predict 
relationships between environment and behaviour have not always met with success. To stretch the 
point further, this relationship is well recognised yet linkages have not been clearly established leading 
to the so-called applicability gap. Facility planning as a process attempts to bridge this gap by trying to 
establish a systematic approach to design problem solving. Design guides represent one very effective 
means for doing this - by acting as links that make the connection between research and practice. 
Design guidance in general may be seen as a part of a process that encompasses more than the 
application issue - the facility development process. This paper will explore the various ways in which 
design guides can fit into the facility development process and will address issues on nature and type of 
design guides, information base contained in design guides and means of communication adopted. 

I INTRODUCTION 

Design guides represent a means of bringing about effective research translation of 
research findings in design or design related decision making. While design guides 
may be particularly relevant for certain types of environments that designers are 
unfamiliar with, and cannot (or should not?) rely on intuition alone, they could form 
the basis for a more systematic approach to design. 

This paper will seek to examine design guidance along three parameters--first, 
as part of a larger process--the facility development process, second, on the nature 
and type of information that design guides typically include, and third, 
communication between the research and design communities. 
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2 DESIGN GUIDES 

Design guides represent one out of many potential means for effective research 
utilization. Cooper Marcus ( 1985, p.5) describes the intent of design guides as to "to 
offer a succinct, pragmatic statement regarding people's behavior in, or attitude 
toward the physical environment, such that it might become the basis for a design 
decision." It may be argued however, that design guides need not restrict themselves 
to providing guidance only in physical design. Intervention can and should occur at 
the policy level as well. 

Purcell and Heath (1982) contend that designers and researchers belong to two 
different communities. The communication between these two communities is not 
smooth and is fraught with hurdles. As a result, social science research 
finding5--4>ertaining to the needs of human beings-that have tremendous 
applications in design don't always get used by the designer who is actually 
responsible for the physical design of a setting. This application gap represents a 
major hurdle in the design of truly supportive settings--those that respond to the 
needs of the user as scientifically researched and defined. 

The differences between these two communities are indeed so great that no 
simple means of translation is possible. A collaborative and proactive process is called 
for at various steps along the design process rather than in the design product alone. 
Therefore, in order to understand the full potential of design guides, we must perforce, 
move away from traditional architectural concerns of physical design and stylistic 
issues in a narrow sense, to include the larger picture--the process that has to do with 
the creation of the built environment, in other words, the facility development process. 

Typically this process comprises the five parts of: 
Preparation 
Planning 
Programming 
Design 
Evaluation 
In addition to these parts, which are essentially steps along a fairly well 

defined continuum, two additional issues come up. The first is context, including 
more than site, buildings and other such physical attributes. Context may address a 
wider range of issues including implications of cost, codes and regulations, special 
user groups, etc. Contextual factors are often project specific and can assume the role 
of determining or modifying variables depending upon their criticality. 

ways: 
I. 
2. 

3. 

Design guidance information can address contextual factors in one of three 

Present the information free of context 
Identify areas where contextual variables might require modification of 
guidance information 
Take contextual factors into account and show how these modifications may 
be actually realized 
The second issue is target audience. The range of participants in the building 

delivery process comprises planners, policy makers, facility managers, and users, in 
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addition to design professionals. Design guidance information does not need to be 
directed to only the last mentioned group, as is often the case. Design guides, in 
addition to providing the basis for more informed design decisions can also serve to 
enhance environmental awareness and competence of user groups by allowing 
evaluation and creating more "informed clients." 

Returning to the different stages of the facility development process, the 
activities pertaining to each stage will now be highlighted, with particular emphasis 
on the exact nature of design guidance as applicable during that stage. 

2.1 Preparation 
This, the first stage involves understanding the problem and formulating it. It is the 
stage in a project when questions are asked about the relevance and even necessity of 
the project about to be launched. Issues addressed at this stage include a feasibility 
study, an assessment of user needs, an understanding of the user group to be served, 
and a general understanding of "things to do" before a project is initiated. Since the 
ultimate end product of the entire process is a physical setting, this stage also calls for 
an understanding of the relationship between the physical environment and needs, 
goals, objectives of the users. It involves understanding that the physical environment 
is a part of a complex system comprising users, organizations, and the social 
environment in addition to the physical setting. This stage may further include the 
selection of consultants and architects for participating in the subsequent stages. 

Two general strategies may be identified for providing guidance at this stage: 
1. Conceptual guidance by providing general background information as 

education for the uninitiated. This approach involves presenting relevant 
theories and considerations appropriate to the facility or user group being 
addressed. The information is not focused in any particular direction, and aims 
to provide a general understanding only. 

2. Project specific critical data emphasizing some important issues. This type of 
information is directional, and highly focused, providing detailed information 
about specifics that have a direct bearing on the project. It is based upon 
introducing less theoretical, but more pragmatic considerations that have an 
impact on the development of the facility. 
Information presented at the preparation stage can also be classified into the 

three categories of: 
1. User based information: Both background and specific information about 

special user groups 
2. Social Issues: Information about societal and demographic trends, which can 

serve to provide both general background kind of information as well as 
project specific findings 

3. Organizational Goals: Information pertaining to organizational goals, is by 
definition, project specific. 
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2.2 Planning 
The Planning stage involves identifying and defining organizational goals and 
objectives, outlining the activities and functional relationships between the different 
components of the organization and between different individuals. This is also the 
stage where decisions with regard to site and location are made. In summary, this is 
typically the stage when organizational policies are formulated, decisions about 
staffing, size of facility made, and site selection criteria defined. 

Guidance at this sage may be classified into the two categories of: 
I. Procedural information that makes recommendations or draws attention to 

planning as a process, identifying important process issues that need to be 
addressed during this stage. 

2. Physical Planning Information that makes specific recommendations about 
planning issues. 

2.3 Programming 
Facility development is a complex process requiring the physical translation of a wide 
array of organizational, social and spatial needs. Not surprisingly, the quantity and 
nature of information that has to be dealt with is staggering. Programming allows a 
systemized, analytical approach for examining and subsequently acting upon this 
information It represents an effective way of managing information. 

Programming typically includes functional, behavioral and architectural 
programming. Functional programming addresses functional relationships between 
various components of the client organization. These functional relationships are a 
consequence of client goals and operational objectives. It involves identifying the 
primary objectives and the activities necessary to achieve them. Typical activities 
during this stage include activity analyses, development of functional relationship 
matrices, determination of channels of work flow and information flow, in short to 
find out how the client organization "works" and "goes about its business". 
Behavioral programming has been the most neglected part of the programming 
process. Programming represents the stage in the facility development process, when 
abstract organizational goals and user needs are carefully analyzed, activities and 
functional relationships identified, and these are then translated into the language of 
physical design. Behavioral programming thus involves an understanding of the 
relationship between the physical setting and the behaviors it supports. Traditionally 
architectural programming entailed space programming, listing spaces, spatial 
relationships, their spatial and sensory properties and specifications about materials, 
fixtures and equipment. There was both a conceptual and actual jump from abstract 
organizational goals to the specifics of the physical setting. Behavioral programming 
represents the stage when the relationship between abstract behavioral issues and the 
physical environment is established. 

Another component of the programming process includes procedural issues, 
which address questions such as, "How can the client organization meet its goals and 
objectives?" Potential answers might include participatory processes involving users 
or the community. This component of the programming process would thus provide 
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guidance on how to meet certain goals, and would be process, rather than product 
based. 

2.4 Design 
The design stage is comprised of the three phases of schematic design, design 
development and the contract documents. The schematic design phase is the first 
phase of the design process when the information about functional and spatial 
relationships, proximities, various desired experiential qualities and activities and 
behaviors of users gets translated into physical design at its most basic level. This is 
the stage when the first design related decisions are made and it is important to ensure 
that the information derived by the end of the programming stage gets translated 
appropriately into design solutions. At this stage, users, client organizations are 
typically concerned with the design's performance in functional and organizational 
terms. (Farbstein, 1982). Design development, as the name suggests, is when the 
schematic designs are developed to a greater level of detail using more and more 
specific information from the space program. This is the stage where materials and 
finishes are specified, details are decide upon and the overall design is refined in 
preparation for the next stage--contract documents. At this last stage of the design 
process, blueprints are drawn up in preparation for bidding and these from the basis 
for the construction process that follows. 

2.5 Evaluation 
Design, construction and occupancy, rather than marking the end of the facility 
development process, really represents a beginning as the facility starts being used. At 
this stage, users could begin to recognize certain misfits or bad fits between desired 
programs or goals and the actual performance of the facility. This is an appropriate 
time to evaluate the facility (post-occupancy evaluation) for performance to identify 
these misfits and design potential responses by way of renovations or redesign. 
Evaluation is also useful between each stage of the facility development process. 

Evaluation, whether as design review, or as a post-occupancy evaluation 
exercise, can address issues ranging from definition of objectives and identification of 
needs to specifics of the physical environment. A point to note here is that evaluation 
of items related to the physical environment (spatial and sensory properties of spaces) 
are likely to be more amenable to evaluation than more abstract environment-behavior 
concepts such as image or privacy. Thus the evaluation exercise is likely to get 
progressively more and more difficult as information becomes less quantitative or 
defmed (Brill, 1974). 

Design guides typically provide information intended to aid in the decision 
making sequence in the facility development process. Here, design guides could 
potentially go a step further by not only providing the necessary and important 
information, but also by providing some form of "yardstick" that could help users 
evaluate the accuracy or correctness with which they have interpreted the information 
presented. Evaluation is facilitated if the design guide lends itself, both, conceptually 
and literally to the testing of results. This is possible if the information provides an 
operational sense of desired performance and solutions in specific terms. 
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Brill points out that evaluation should take place at four critical and linked 
levels: objectives, activities, environmental characteristics, and hardware solutions. 
The sequence would proceed backwards, at the following levels: 
1. Testing to see if "hardware solutions" constitute appropriate responses to the 

desired spatial and sensory properties developed during the architectural 
programming stage. This would involve testing of attributes, spatial, sensory 
properties, of different components of a facility. This would likely force the 
user to ask if the design of the different components has indeed fulfilled the set 
of properties and attributes that have been recommended. 

2. Evaluating if the solution supports activity patterns and functional 
relationships, as identified during the functional and behavioral programming 
phases. 

3. A third level included evaluating the success or effectiveness with which 
organizational goals and user needs have been met. This is indeed much more 
difficult than the evaluation of physical features or activity patterns. 
Two approaches may be suggested for providing guidance during the 

evaluation phase. The first is the instrumental approach that would typically provide 
a set of evaluative questions or some other "yardstick" device for testing decisions. 
The second or conceptual approach assumes that testability can be built in within 
design guides through the clear definition of objectives and the desired relationships 
and qualities of the physical and organizational environments. 

Each of these two approaches has their advantages and drawbacks. The 
conceptual approach might be more useful for design guides addressing special user 
groups or facility types where certain broad goals and objectives are likely to be 
defined at the outset. Here, even if recommendations for design or organizational 
action might not be specific, the clearly stated goals and objectives can facilitate 
testability. The instrumental approach is better suited for design guides addressing 
very specific problem areas. 

Having discussed at length on the overall process where design guidance takes 
place, attention may now be turned towards the stuff design guidance is made 
of-information--its nature and how this is meant to be used. To understand this 
better, it becomes necessary to backtrack to Kurt Lewin's (1939) original 
conceptualization of person-environment transaction--B=f(P ,E), that is, human 
behavior is a function of the person and the environment. Subsequently Wohlwill 
(1973) postulated that the "environment is not in the head"-stressing that human 
behavior occurs in real life settings with real life limitations, reinforcements and 
constraints. The link between environment and behavior was thus established. Lawton 
(1980) went a step further. He expanded the basic environment-behavior equation to 
include a third component, P X E, or the person-environment interaction component, 
thus presenting B=f(P ,E, PxE). Building upon this, Weisman (1981) conceptualized 
an environment-behavior systems model defined in terms of three constituent 
parts--organization, individuals, and the physical setting. He further introduced the 
notion of environment as experienced as an outcome of the interactions between these 
categories. 
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3 ENVIRONMENT-BEHAVIOR SUBSYSTEM VIS-A-VIS NATURE OF DESIGN 
GUIDANCE INFORMATION 

The person component, P includes individuals that occupy physical settings. It 
involves an understanding of the unique needs, goals and cultural norms of 
individuals who will be occupying the physical setting. It would further entail an 
understanding of the activities of those individuals within the physical setting. 
Activities include the activity itself, the setting within which it takes place, and latent 
functions, if any, of the activity. In general, environment-behavior studies, when 
studying human systems have focused on the individual in psychological terms. 
However, individuals act and operate within settings managed by organizations with 
their own needs, goals and objective. Thus the person component of the environment
behavior sub-system should also include the organizational element, the goals and 
objectives of the organizations, functional relationships, work flow patterns, formal 
and informal lines of communication, within the organization. 

The environment component, E, represents the physical setting which in turn 
might be viewed in terms of relationships between various building components as 
well as spatial and sensory properties of each. In looking at the content of design 
guides, this would also include design recommendations and examples of physical 
solutions. 

The person x environment (P x E) component may be represented in terms of 
the qualities of the environment as "experienced", which in turn are a consequence of 
the relationship between the individual, organization and the physical setting. Thus 
information may be classified into the following categories: 

3.1 Person component 
Definition of objectives 
Identification of needs 
Identification of activities to be supported 

3.2 Person x environment component 
Attributes or experiential qualities of the environment: environment-behavior 
relationships 

3.3 Environment component 
The physical setting 
Functional relationships 
Spatial and Sensory Properties 
Examples of Solutions 
Recommendations 

The last two components need some elaboration. 
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3.4 Examples or answers? 
Instead of attempting to provide answers, design guidance could provide examples of 
different ways of achieving goals. Such examples might then provide designers with a 
range of actual solutions from which ideas may be formed about other ways to 
approach the problem. The role of "bad" examples is important, because they very 
clearly show designers what is not desirable or appropriate. It is at a level that is more 
concrete than a prescriptive "don't" because it is likely that even after adhering to a 
set of"do's" and "don'ts", the design may still fail to meet broader level goals. 

3.5 Performance type guidelines 
Guidance can occur through performance-based guidelines where instead of being 
prescribed anything, the designer is made aware of certain research-based behavioral 
phenomena that should be addressed in physical design. As Cooper Marcus (1985, 
p 1 0) states, these performance standards begin to tie behavior with the environment 
without giving any clues ho this might be done. Referring back to the facility 
development process, the link between the physical setting and the organizational 
goals /objectives, user needs, activities, the many and varied set of functional and 
spatial relationships, is not an easy one to make. It comprises several systematic steps 
along this process, with each phase resulting in moving a step closer to making the 
link between the information present and the end product--the physical environment. 

3.6 Specificity vs freedom to interpret 
The preceding discussion leads to the issue of level of specificity versus interpretive 
freedom. Examples of a range of solutions clearly allow the designer considerable 
freedom to interpret information, but an additional issue needs to be examined here, 
and this has to do with the nature of design recommendations. A common complaint 
levied against design guides is that they are prescriptive in nature and do not allow the 
designer to exercise his or her creativity in addressing design solutions. Design 
recommendations can be either prescriptive or performance based. Moleski (1974, p. 
311) describes what he terms, "sociophysical performance descriptions", which are 
"those elements which define the performance of the environment in terms that have 
both physical and social connotations." He adds that these ''performance elements 
serve as a translating function permitting the non-physical behavioral components to 
be developed into a physical setting." Design recommendations thus need not 
necessarily be restricted to physical design prescriptive recommendations, but could 
include performance criteria, which could then from the basis for physical design. 

3. 7 Level of abstraction and scale of application 
If one were to look at the decision making sequence in the facility development 
process, it becomes apparent that larger level decisions pertaining to organizational 
philosophy and goals precede decisions, say, with regard to site selection or selection 
of appropriate materials and finishes. Thus there is a progression along a design 
sequence often in terms of abstraction moving from the abstract larger level decisions 
to the more concrete decisions pertaining to smaller scale issues. Generally this 
process closely follows a progression in scale from large to small. Thus decisions 
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earlier in the sequence typically address the macro scale, that is city, neighborhood or 
site as the case may be. Likewise, later decisions usually have to do with the scale of 
the building and/or individual spaces within. 

Design guidance information could be presented at different levels of 
abstraction and scale to facilitate use in the sequence that decision making actually 
takes place in the facility development process. 

3.8 Re-use value 
To be of use research "needs to provide means to generalize from the results of an 
individual project to the more general need of design." The issue of generalizability, it 
might be argued is dependent upon the link between design guidance and relevant 
theory. If the theoretical base for design guidelines is made explicit, it is likely that 
even specific case study type information could be extrapolated for use in similar 
settings or for the same user group. In general, design guides written for special user 
groups or setting types would benefit from generalizability and their re-use value 
would be greatly enhanced if they allowed extrapolation, for example, for use in 
existing facilities, even though the intent might have been to address new facilities. 

Re-use value of a design guide relates to the ease with which information 
presented in it can be extrapolated for application to other situations. Two 
preconditions exist, that apply to re-use value. These are: 
I. The "goodness" or reliability of the research information 
3. Intended use of the design guide, whether it is at all intended for application to 

similar situations. 
Design guides can in general have to types of focus-problem focus and solution 
focus. 

3.9 Problem focus 
Design guides with this focus typically function by establishing clear links between 
background theory and recommendations, where the basis for recommendations is 
apparent. An understanding of the theoretical issues might make extrapolation easier, 
allowing the user to modify the recommendations according to the particulars of a 
given situation. However, it is possible that all the areas addressed by design guides 
will not have a substantial theoretical base. In such cases, design guides could present 
project-generated research findings as basis for recommendations for action. This 
approach is thus oriented toward enhancing understanding of the problem. 

3.10 Solution focus 
Design guides with this focus typically function by facilitating extrapolation and 
application through the use of examples. Examples constitute solutions made on the 
basis of certain recommendations, and may be drawn from a wide variety of situations 
similar to the focus of the design guide. As such, examples can illustrate how 
information may be generalized and applied to yield specific solutions. The emphasis 
is thus on presenting solutions for extrapolation. 

212 



4 MODE OF COMMUNICATION 

Much of the blame for the non-utilization or under utilization of behavioral research 
in the development of facilities has been laid at the door of ineffective and 
inappropriate communication techniques. Debate on this subject has raged from the 
verbal vs. graphic question to questions about tone and how research is packaged. 
There is an extensive body of literature addressing the communication gap between 
researchers and designers speaking essentially two languages and subscribing to 
different world views. Ledbetter ( 1978) uses Altman' s three-dimensional framework 
to point out the differences between these two worlds. He further makes the point that 
the designer trained to think in terms of physical space and to communicate primarily 
through the visual means, finds difficulty in dealing with the medium of 
communication of the social scientist, the precise use of words. However, it should be 
noted that verbiage can be graphic too, and the issue therefore entails more than the 
visual vs. verbal debate. 

This leads to Ostrander's (1974) Model that addresses communication along 
the three dimensions of medium, cognitive nature and affective tone. The dimension 
of medium addresses issues of modes of presentation varying from the visual 
semantic to the graphic mosaic. Various combinations of the verbal and the graphic 
are possible and one could conceivably think of a verbal presentation embellished 
with illustrations. The point to note here is that it need not be an either/or situation, 
that various blends of the two modes are possible and might even be desirable as 
outlined in Reizenstein's (1980) Multiple Presentations Modes. The dimension on 
cognitive nature attempts to accommodate the fact that communicated ideas may vary 
with respect to an abstract-concrete dimension. The dimension on affective tone has 
as its two poles, informational tone and emotional tone. 

5 CONCLUSIONS 

From the preceding discussion, it emerges that it is important for design guides to 
contribute to all steps of the facility development process rather than attempt to 
intervene at the product level. Such intervention is possible if the design guides are 
developed with a clear understanding of the building delivery process, providing 
information at an appropriate level of abstraction for each stage. Design guidance 
information can take many forms ranging from the conceptual, to the purely 
instrumental and can assume a problem focus or a solution focus. Particular emphasis 
should be placed on effective means of communication. Attempts should be made to 
ensure that communication strikes the right affective tone and employs the optimum 
medium for easy understanding and utilization. 
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Procession is a 3d information visualisation software tool for social housing project clients. lbis client 
group are known as Registered Social Landlords (RSLs), which is the UK's catchall term for registered 
Housing Associations, Housing Co-operatives and Local Housing Companies. The focus of this 
research is specifically on client reporting during phase eight ('construction'- commonly known as the 
'on-site' phase) of the University of Salford Generic Design and Construction Process Protocol 
(GDCPP) Group's Process Protocol Map. Procession's data surface is actually a 'carpet plot', 
generated by a scalar algorithm. The three dimensions are achieved from a two-dimensional set of 
points, which are warped by scalar values, in the direction of the surface normal. The amount of 
warping is controlled by the scalar value. A project with no deviations from the project baseline will 
produce a flat data surface. A fourth and non-spatial dimension is provided by colour mapping the data 
surface. This scalar value represents the significance of each deviation, to this specific client. By 
analysing the contribution of each deviation to the total deviation levels, Procession develops a set of 
artificial intelligence heuristics concerning each task's contribution to overall project deviation. This 
paper describes the development of the Significance of Deviance Algorithm. It is intended that this 
formula will calculate the contribution of an individual task, to the current total value of a deviation 
parameter, within a specific construction project. 

1 INTRODUCTION 

The conceptualisation, development and evaluation phases of the Procession software 
tool have been documented elsewhere (North 1999 and North 2000). Instead, this 
paper focuses on the technical approach underlying Procession's 'intelligent' 
elements. Before describing Procession's artificial intelligence features, a brief 
introduction to the background issues will now follow. 

The construction industry already provides many visualisation tools for 
interpreting physical building models, but investigation has failed to identify anything 
similar for non-physical construction processes. Information of this type is usually 
known as project planning data and is concerned with the individual tasks (or 
processes) that make up construction projects. Particularly notable, is the absence of a 
planning visualisation tool providing decision support for construction clients. 
Procession's data surface is an abstract representation of three selected project 
dimensions. Its 3d progress reports provide construction clients with an 'at-a-glance' 
indication of project 'health'. The peaks and troughs of the 3d data surface correspond 
to a snapshot of current project performance (or 'deviation') parameters, such as 
budget and schedule. The focus of this research is specifically on client reporting as 
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Figure I : Procession's windows interface 

described by phase eight ('construction'- commonly known as the 'on-site' phase) of 
the University of Salford GDCPP Group's Process Protocol Map (Kagioglou et a!. 
1998). Procession is a stand-alone application developed for the Microsoft Windows 
95/98/2000/NT platform (see Figure I). It is capable of opening data files both from a 
local computer and from an Internet web server. Procession was developed in the C++ 
language, utilising Microsoft Foundation Classes (MFCs). Procession's 3d graphics 
functionality is provided by the Visualization ToolKit (VTK), an 'open source' 
system providing a very flexible C++ class library (Shroeder, Martin and Lorensen 
1998). 

Procession's data surface is actually a 'carpet plot', generated by a scalar 
algorithm. The three dimensions are achieved from a two-dimensional set of points, 
which are warped by scalar values, in the direction of the surface normal. The amount 
of warping is controlled by the scalar value. Users can navigate the 3d data surface 
with a standard mouse. It is possible to 'examine' the data surface (left mouse button 
and drag), move forwards and backwards (right mouse button and drag) or slide in 
any direction (shift key and the left mouse button). Procession's menu options provide 
the following functionality: print current view, export a 3d report to Virtual Reality 
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Figure 2: Data-flow between employer's agent and the registered social 
landlord's development officer, via MS Project, the Internet and Procession 
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Modelling Language (VRML- version 2.0/97), take and save a 2d snapshot of a 
current view in the Windows bitmap (BMP) format, animate the data surface on a pre
set path and tum detailed progress alerts on or off. Procession's rendering can be 
switched from solid, which is the default, to stereoscopic (requiring red and blue 
coloured glasses) or wire-frame. 

Figure 2, illustrates the three different ways that a development worker can use 
Procession. In the first scenario, the employer's agent exports a local data file from 
Microsoft Project and physically sends it to the development worker (postal service, 
email, by-hand etc.). The second method sees the worker up-load the data file from 
Microsoft Project to a traditional web server. This could be achieved with a standard 
File Transfer Protocol (FTP) tool or possibly using Microsoft Project's built-in ability 
to 'publish' on the Internet. The Standard for The Exchange of Product model data 
(STEP) is defined in International Standards Organisation (ISO) standard 10303. The 
fmal approach is to make use of a STEP-type project database, such the University of 
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Salford's Web-based IFC Shared Project EnviRonment- WISPER (Faraj eta!. 1998). 
As previously stated, Procession does more than transform planning data into 3d 

visual structures. It also has functions described as 'intelligent'. Primarily, Procession 
is capable of considering the impact of each performance deviation on the final 
project outcome. This is achieved by calculating the expected and actual contributions 
of each project task to the total deviation for each parameter (i.e. cost or work 
variances). By comparing these values, the Significance of Deviance Algorithm (see 
section 3) works out a significance value. If the task has already been encountered by 
Procession, it will have a corresponding stored weighting value. If it is a new task, a 
default weighting value will be assigned. The significance figure is used to increase or 
decrease the specified 'weighting' value. The adjusted weighting is used to colour the 
data-surface deviations, indicating the relevance of a deviation level, as discrete from 
its size. Finally, the adjusted weightings are saved back to the 'legacy archive' (see 
section 4), enabling Procession to 'learn' by its experience. Further sections of this 
paper describe the software structure that constitutes Procession, with specific 
reference to the techniques used for 'significance' and 'learning'. 

2 THE SOFTWARE STRUCTURE 

Figure 3 show's the route taken by raw text data, as it is converted to 3d visual 
structures by Procession's C++ classes (figure 4). Procession was designed as a 
partner application for Microsoft Project. Before Procession can process Microsoft 
Project data files, they must be converted to a different format. 

Procession imports data in the Comma Separated Value (CSV) format. Files of 
this type have the extension .CSV and are commonly available as export options from 
database and spreadsheet applications, including Microsoft Project. CSV uses an 
American Standard Code for Information Interchange (ASCII) text encoding 
structure, with individual values followed by a comma. The following example shows 
comma-separated values exported from Microsoft Project, where each line represents 
a project task: 

Plumbing,No, 100%, I 00%,28,£0.00,"£36,308.48" ,"'-£36,308.48" ,£0.00,£0.00,0 days,O hrs, 
Electrical,No,67%,0%,28,£0.00,"£ 18, 154.24", "-£12,163.34" ,£0.00,£0.00,0 days,O,hr.;, 

A character used to separate data items is known as a 'delimiter' and commas 
are only one of the characters frequently used for this purpose. Tab-delimited text is 
also in common use. Early versions of Procession used a comma-delimiter, but when 
tested with a project data set consisting of larger values, a problem emerged. By 
default, Microsoft Project uses a comma in larger numbers, to separate thousands and 
hundreds. Unfortunately, there is no option to customise the format of exported 
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Figure 3: Procession's C++ procedural flow from 'raw' data to 3d visual 
structures 
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Figure 4: Procession's C++ class structure 
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numbers. Therefore, Procession's parser had to be adapted to filter tab-delimited data 
files. The previous data example is now repeated with a tab-delimiter: 

Plumbing No 100% 100%28£0.00 "£36,308.48""-£36,308.48"£0.00 £0.00 0 days 0 hrs 
Electrical No 67% O"lo 28£0.00 "£18,154.24" "-£12,163.34" £0.00£0.00 0 days 0 hrs 

In order to export a delimited text file, it is necessary to prescribe a data map. 
This describes the fields to be exported and their order in the file. Each line in 
Procession's CSV export map consists of the following Microsoft Project fields : 
Task Name, Summary (is this a summary/top-level task? YES/NO), %Complete 
(percentage of budgeted time expended), %WorkComplete (percentage of budgeted 
money expended), WBS (the ID code for each task), BCWS (an earned value analysis 
figure), Baseline Cost (the budget for this task), Cost Variance, Schedule Variance, 
Variance At Completion, Duration Variance and Work Variance. The last five of 
these represent the deviation parameters visualised in the 3d data surface. More 
detailed explanations of these now follow: 
• COST VARIANCE, units £s. At this point in the project, is completed work on 

this task over budget? 
• SCHEDULE VARIANCE, units £s. At this point in the project, how are we doing 

on this task compared with the estimated spend? 
• VARIANCE AT COMPLETION, units £s. At the end of the project, what is the 

difference predicted to be between the current estimate of the total cost for this 
task and the original estimate? 

• DURATION VARIANCE, units days. At the end of the project, what is the 
difference predicted to be between the current estimate of the total time to 
complete this task and the original estimate? 

220 



• WORK VARIANCE, units hours. At the end of the project, what is the jifference 
predicted to be between the current estimate of total nurnbe'r of person hours to 
complete this task and the original estimate? 

Familiarity with Procession's export map will allow a user to configure another 
Project Management application for Procession compatibility, or even to create data 
files from scratch. For the Microsoft Project user intending to provide progress reports 
with Procession, there is one factor that will assist the process. The distribution of 
Procession includes example template files for Microsoft Project. These contain the 
CSV export map and Visual Basic for Applications (VBA) Macros, for automatically 
exporting projects to Procession and publishing CSV files to the Internet. This is an 
example of one of the VBA macros, which prompts the user for a file name and then 
saves the file using the Procession CSV map: 

Sub procession3dExporter() 
' Macro procession3dExporter 
' Macro Recorded Sun 19-03-00 by steve north. 
' Guess at the name for the CSV file 
suggestedName = Dir (".\*.mpp") 
' Prompt user for CSV file name offering a suggestion based on current project 
FileName= InputBox("Enter CSV file name( excluding .csv)", "Procession exporter", 
suggestedN arne) 
' Save the CSV using the Procession export map 
FileSaveAs Name:="./" + FileName + ".csv", FormatiD:="MSProject.CSV.8", 
map:="procession " 
End Sub 

3 THE SIGNIFICANCE OF DEVIANCE ALGORITHM 

Procession applies artificial intelligence to the problem of deciding the significance of 
an individual project task to the current total value for a specific deviation parameter 
in a specific project. The mathematical approach utilised is based on statistical 
methodologies, such as ANalysis OfV Ariance (AN OVA), where the term 'deviate' is 
the actual value for an individual score X, minus the average score for this group of 
scores, i.e. Xi - Mx (Lowry 2000, chapter 13). In Procession, this value has been 
termed 'the significance of deviance', which is a current snapshot of significance. By 
using the current value to increase or decrease an on going record of previous 
significance (the legacy archive), Procession can 'learn' from its runtime experiences. 
Figure 5, shows the flow of data from CSV file to 3d visual structures, via 
significance calculation and up dating of the legacy archive. 
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Figure 5: Procession's symbolic internal data-flow for calculating the significance 
of deviance and 'learning' 
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Figure 6: Procession's significance of deviance algorithm 
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This paper will now provide a more in depth explanation of the significance 
calculation. Figure 6 provides the formula for Procession's Significance of Deviance 
Algorithm. The following definitions have been assumed: 

SDt = The significance of a specified task's (t) contribution to a specified deviation 
parameter, within a specified project 
d = a specified deviation parameter 
p = a specified project 
t = a specified task 
Tn = the number of tasks in a specified project 
Tv = the current value of a specified deviation parameter value (d) for a specified task 
(t) in a specified project (p) 
ADd = The actual current value for a specified deviation parameter in a specified task 
EDd =The expected value for a specified deviation parameter (d) for any task (t) in a 
specified project (p) 
EDd = ~)Tv) I Tn 

The resulting significance value can be interpreted as follows: 

• A positive result value indicates that this task is making a greater than average 
contribution to the total for this deviation parameter. Therefore, the weighting 
should be increased. 

• A negative result value indicates that this task is making a smaller than average 
contribution to the total for this deviation parameter. Therefore, the weighting 
should be decreased. 

Table 1: Example values for two deviation parameters 
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DEVIATION PARAMETERS 
TASK NAME COST V ARlANCE DURATION V ARlANCE 
Plumbing £4.00 I day 
Electrical £2.00 3 days 

Table I, shows an example of a progress report from a simple two-task project. 
The only deviation parameters under consideration here are 'cost variance' and 
'duration variance' (see section 2). For both of the deviation parameters, the total 
value is calculated across all tasks (L(Tv)). In this case, the total cost variance is six 
and the total duration variance is four. Next, the total number of tasks contributing to 
each deviation parameter is determined (Tn): cost variance has two tasks and duration 
variance also has four. If all tasks were contributing equally to the total deviation 
values, you would expect each task to have an individual cost variance of three (six 
divided by two tasks) and a duration variance of two (four divided by two tasks). 
These are the expected deviations for cost variance and duration variance in this 
project, at this time (EDd). The following C++ code exert demonstrates Procession's 
calculation for expected deviation: 

II first calculate project deviation parameter totals 
for(v=O;v<theNumberOfDeviationParameters;v++) 
{ 

for (i=O; i<totaiSubTasks; i++) 
{ 
totalProj ectDeviations[ v ]=totalProjectDeviations[ v ]+subTaskParameters[i] [ v]; 
} 
II now calculate expected difference factors for each deviation parameter 
expectedProjectDifferenceFactors[ v ]= 
tota!ProjectDeviations[ v ]I( float)totalSubT asks; 

However, it is unlikely that all tasks will contribute equally to the deviation 
parameters. They will probably have quite different values. The real cost variance and 
duration variance values for each task are called the actual deviations (ADd). For each 
deviation parameter, the difference between each task's expected deviation value and 
its actual deviation value, is the significance of deviance (SDt). The value of a 
significance of deviance indicates the significance of this task to the current total 
value for this deviation parameter in this project. The difference between the expected 
and actual deviations (the significance of deviance) is calculated by subtracting the 
expected from the actual. 
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The following C++ code exert demonstrates Procession's calculation for 
significance of deviance and its application to the weightings: 

for(i=O; i<tota!SubTasks; i++) 
{ 

for(v=O; v<theNumberOfDeviationParameters; v++) 
{ 

II adjust deviation parameter weightings by current significance 
subTaskWeightings[i][ v ]=subTaskWeightings[i][ v] 
+ subTaskParameters[i][v] -
expectedProjectDifferenceFactors[ v ]); 

} //close deviations loop 
} //close subtasks loop 

Thus, the calculations for the example in table I would be as follows: 

Plumbing: 
Cost 4 (AOt)- (6/2= 3 (EOd)) =a significance (SOt) of I (therefore increase weighting) 
Duration I (ADt)- (4/2= 2 (EDd)) =a significance (SOt) of -I (therefore decrease weighting) 

Electrical: 
Cost 2 (ADt) - ( 6/2= 3 (EDd)) = a significance (SOt) of -I (therefore decrease weighting) 
Duration 3 (ADt)- (4/2= 2 (EDd)) = a significance (SDt) of 1 (therefore increase weighting) 

Procession would draw the following conclusions from these calculations and 
colour the data surface accordingly: 
• Plumbing is currently making a greater than average contribution to total cost 

variances and its weighting value for this deviation parameter will be increased by 
the significance value. 

• Plumbing is currently making a lower than average contribution to total duration 
variances and its weighting value for this deviation parameter will be decreased by 
the significance value. 

• Electrical is currently making a greater than average contribution to total duration 
variances and its weighting value for this deviation parameter will be increased by 
the significance value. 

• Electrical is currently making a lower than average contribution to total duration 
variances and its weighting value for this deviation parameter will be decreased by 
the significance value. 

4 THE LEGACY ARCHIVE 

The Legacy Archive file contains a set of deviation parameter weightings for each 
task. On running procession for the first time, all of the weightings are set to a default 
value. The total number of significance weighting values corresponds to the total 
number of tasks multiplied by the total number of deviation parameters. Weighting 
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values are increased or decreased by Procession, according to the relevant 
significance values (see last section). A positive significance value indicates that a 
task is making a greater than average contribution to the total for a given deviation 
parameter. Therefore, the corresponding weighting is increased. A negative 
significance value indicates that a task is making a smaller than average contribution 
to the total for a deviation parameter. The weighting is then decreased. 

When developing Procession, two different strategies were tried for calculating 
the legacy archive weightings. In the first version, there was not a graduated 
correlation between the significance value and its corresponding significance 
weighting. Changes to the weighting were only of one unit, in response to the sign(+ 
or -) of the significance value. The weightings did not change in proportion to the 
significance value. This meant that two deviation values, both above the expected 
deviation but to widely varying degrees (i.e. a small and large peak in the data
surface), were being assigned the same weightings. The calculation for this was 
implemented as follows: 

if (deviance significance (SDt) is a positive value) 
{ 
weighting++ 
} 
else 
weighting--

The prototype of Procession used for evaluation featured an improved 
calculation, where the weighting changed in response to the size of the significance 
value: 

weighting = weighting+ deviance significance (SDt) 

The legacy archive is an ASCII text file, stored in the root of the primary 
Windows hard drive (usually C:\ ). Each line in the legacy archive file is space
delimited and has the format: task name, weighting one (cost variance), weighting two 
(schedule variance), weighting three (variance at completion), weighting four 
(duration variance) and weighting five (work variance). 

For the project example in table I, the legacy archive might look like this: 

#Legacy Archive file created by 
#P r o c e s s i o n application 
#199912000 
#Do Not Edit! 
#file format: 
#<TASK NAME> <PARAMETER I WEIGHTING> 
# <PARAM 2 WEIGHTING> .. . etc. 
#Last Updated: Fri Mar 20 I5:00:42 2000 
#------START DATA-----
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Plumbing 46 57 32 48 51 
Electrical 50 56 35 67 77 

5 CONCLUSIONS 

The next phase of the research will focus on implementing the software evaluation 
methodology. It is hoped that the mean RSL satisfaction scores, will be seen to 
increase while moving from their current reporting methods and through the 
Procession prototypes. In addition, it would be very positive to report types of 
informational deductions, made possible by Procession, that were not present with 
clients' traditional reporting strategies. 

The planning data from a real social housing project has been obtained. Risk 
analysis techniques, such as Monte Carlo simulations, have been applied to the data 
set. This has identified specific tasks associated with high levels of 'unacceptable 
risk'. Using this analysis, project scenarios have been simulated, which will be used 
with RSL volunteers to evaluate Procession's reporting capabilities. Hypotheses have 
been decided for the experiment and the RSL interview protocols will be analysed 
using the statistical 't-test for the significa,nce of the difference between the means of 
two groups'. 

The Significance of Deviance Algorithm is an initial attempt to simulate an 
extremely complex relationship between project tasks and resources. Further work 
might consider other contributory factors. For example; the interactions between 
specific named tasks, the relationship between deviations and project outcome, the 
temporal location of tasks within the project and the relative sizes of tasks (in terms of 
both cost and duration). 
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of Urban Environment 

ABSTRACT 
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Faculty of Architecture, DKS 
TU Delft, Delft, The Netherlands 

Conceptual model of the design tool for analysis and visual control of urban environment is presents in 
the paper. The goal of the tool is to improve and help in architectural and urban design practice by 
enabling to analysis and changing existing and planned urban environments. Tool regard several 
criteria specifically associated with visual aspects, cognitive mapping and way fmding. Preconditions 
for defining requirements of the tool are the determination of the 'well-situated' urban elements, their 
impact on cognitive mapping, and the exploitation of this knowledge for the improvement of urban 
environments. Theoretical framework of the tool is based on design theory, cognitive science and 
computer science. Design theory for the tool design is a schematic representation of urban 
environment, based on Lynch's theory of "urban form" ( 1960) and his concept of "cognitive mapping". 
Systematic investigation of urban environments and their characteristics are important for conceptual 
modeling of the tool. Cognitive science for the tool design is based on computer vision and object 
recognition. The theories of computer vision (Maar, 1982) and high-level vision (Ullman, 1996) are the 
main adopted theories and techniques for object recognition. The main computational science, which 
crucially supports the design tool, is provided by an object-oriented database system (see for more: 
Blaha & Premerlani, 1998). Object-oriented database system helps to represent and to handle the urban 
elements with their properties and relationships, with their natural semantics. The information 
represented in the database is used to analyze urban environments as well as to change and improve 
their visual quality. Designers might interact with the tool and they could change sets of quality criteria 
depending on their specific needs. Presented design tool is open platform for adopting and extending 
specific computer based applications, such as direct use of files from CAD or GIS spatial data. 
Conceptual model, presented in the paper, shows modular and open structure of the tool which might 
help designers in different and effective decision making process during process of analysis or 
designing some particular urban environment. 

I INTRODUCTION 

The 'space' specialists such as planners, architects, urban designers, geographers, etc., 
have always been concerned with the relationship between people and their 
environment. The people-environment model is based on the hypothesis that a person 
responds to his environment as he perceives and interprets it in the light of his 
previous experience (Sprout & Sprout, 1965). Since the person's response in relation 
to the environment is assumed to depend on his perception of the environment, it 
becomes important to find out how this is perceived. This leads to the distinction 
between the 'real world', which is called the objective or geographic environment, 
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and the 'subjective world ' or subjective environment; the construction of a mental 
map, which depends on what is perceived by the person. 

In architectural and urban practice, analysis of the urban environment plays a 
significant role. The need for certain analysis to contain precise characteristics of 
urban elements is in the context of the analysis of city sites. There has been a 
continuous effort by professionals to understand and express those needs and desires. 
It is also important to understand at what point support will be necessary in 
architectural and urban design practice. 

The quality of the urban environment was always important for urban design 
practice. A good analysis of the existing urban environment is increasingly important 
for future multifunctional planning. At first we explain the framework of the research 
and the conceptual model of the tool, and than we will show one of the possible 
outputs of the tool by a case study analysis. 

2. THEORETICAL BACKGROUND 

The starting point of this research was Kevin Lynch's concept of cognitive mapping. 
Then we thought about the idea of how we could apply this concept in design practice 
by using current computational techniques. This idea grew with the results from 
making a design tool for the visual analysis of an urban environment (city site) 
according to computational cognitive mapping. Learning about and understanding the 
urban environment for the purpose of cognitive perception facilitates many methods, 
which have been developed recently in different domains such as psychology, 
engineering and planning. 

This research focuses on the analysis of urban elements as an integral part of a 
medium-scale city site. The results of the analysis are correlated to produce good 
visual quality for the city site. In the domain of urban designing and planning, we 
examine the method of analysis of the visual quality through the implementation of 
urban elements in the cognitive perception process. Urban design and planning define 
the process of the research by means of existing theories of design and cognitive 
science. They both formed a basis for creating a conceptual model of the tool. The 
conceptual model and computational techniques are the platform for the functional 
model of the design tool. 

The research employs developed theories in design, cognitive science and 
computer science. It addresses aspects of knowledge of cognitive perception 
associated with the analysis of urban design elements and design evaluation by 
computational processing. There are two main theoretical goals of the research: 
(1) to define a new computational representation model of the design tool for the 
analysis of the (mostly visual) qualities of the urban environment, through the 
integration of related knowledge [design theory, cognitive science and computational 
techniques], and 
(2) to create a computational tool as an instrument based on the theoretical 
representational model for integration of qualitative analysis and cognitive mapping 
of the urban environment. 
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2.1 Frameworks 
There are two parallel frameworks in the research: theoretical and system 
architecture. Here we will explain only theoretical frameworks, which are focused on 
investigation in urban design theory, theories of cognition and computational theories. 
The system architecture framework defined the structure of the tool. We will briefly 
explain each element of the theoretical framework and later we will talk a bit more 
about the conceptual model of the tool based on the system architecture framework. 
Figure I presents the frameworks with their implementation in the function of the 
design tool. 

Figure I : The conceptual frameworks of the design tool 
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2.1.1 Urban design theory 
The specific outline of the urban design theory applied in this research is presented in 
Figure 2. The schema presents relationships between people and their environment. 
The schema indicates three main categories related to these relationships: urban 
design, urban environment and urban use. 
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The schema also presents the simplified model of the urban interaction process 
in its hierarchy. The process of interaction started with real world information and the 
process of creativity, as a physical/psychological phenomena in the design domain. 
Real world information, here called the Universe of Discourse (UoD), is sets of 
relevant information, which aids the process of creativity (the design process). This 
information is the data that is transferred into the design process (in our tool as object
oriented database systems). The result of using the design process is to improve the 
existing environment, or to implement a new modeled urban environment. This 
process considers not only urban purposes, but also the people for whom the 
environment is designed and built. 

Figure 2: 'Triangular scheme' oftbe urban theory approach 

Lynch's theory of 'urban form' is located in the right-hand part of the schema. 
Lynch described elements of the urban environment and their interactions, and he 
defined the concept of cognitive mapping of how people behave within a particular 
urban environment. 

Lynch defined two main, important things in his book "Image of the city" 
(1960): first, physical elements of the city (a group of five elements of an urban 
environment - physical characteristics of the real world) and second, psychological, 
perceptual senses (the concept of cognitive mapping - the psychological or subjective 
world). It is necessary to distinguish two forms of physical elements; natural i.e. air, 
sky, rivers, Jakes, ponds, hills, etc. and man-made elements i.e. infrastructure, objects, 
vehicles, airplanes, etc. Natural and man-made elements, in fact, share some common 
characteristics, such as color, smell, noise, warmth, etc., which together help to build 
a perceptual form of the urban environment. 
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The perception of the urban environment is a product of the human mind and 
senses. People recognize a space by the reflection of light, shape and depth. People 
orient in a space by identifying its elements and patterns. Five elements of the urban 
environment (paths, edges, districts, nodes and landmarks) come from Lynch's 
analysis of the effects of physical, perceptible objects. In this research we concentrate 
on the main aspects of types and characteristics of physical forms and their elements. 
These elements are perceived hierarchically by people. They make a 'mental 
interpretation of space' by memorizing and retrieving elements of space and patterns 
in their brain. This process is defined as mental maps or 'cognitive mapping'. 

The research presents an extensive investigation of urban elements, as well as 
elements for cognitive mapping, and makes a very precise systematization in a form 
understandable for object-database structuring and for computation processing. 

2.1.2 Cognitive science 
Three dimensional-spatial perception is concerned with how humans perceive space around 
them by function of human vision. The human vision system comprises a receptor system -
the eyes, and a processing system - the brain. In our research, vision is limited only to a 
basic examination focused on topics interesting for knowledge related to computer vision 
and object recognition. 

The theory of computer vision founded by David Marr (1982) focuses on several 
aspects of visual information processing, different ways in which motion may be used to 
recover structure from a sequence of images and how the results of such processes can be 
represented efficiently for recognition. 

Computer vision, or image understanding, is automatic/computer deduction of the 
structure and properties of a dynamic 3D world from either single or multiple 2D images of 
the world. The structure and properties of the 3D world that we seek to deduce in computer 
vision include geometric properties, such as: shapes, sizes and location of objects, and 
material properties, such as: lightness or darkness of surfaces, colors, textures and their 
material composition. 

The high-level vision is the theory of computational face recognition founded by 
Shimon Ullman ( 1996). High-level vision or object recognition and visual cognition is 
related to some aspects of computer visual perception and cognition of objects. Here we 
consider his approach to object recognition of three dimensional objects. 

High-level vision is concerned with the preliminary processing of the image, such as 
the extraction of shape properties and spatial relations, object recognition and classification. 
It is concerned with the interpretation and use of information in the image and its use in the 
visual process. On the other hand, low-level vision is the extraction of certain physical 
properties of the visible objects, such as surface material properties (color, shading, texture, 
etc.). Low-level vision interprets what is seen in the image. Vision is a highly complex 
process. Many different components are involved. Ullman's theory uses only the aspect of 
recognition in the area of visual cognition. 

Object recognition is the process of visually perceiving and naming an object in 
sight. Naming is an invisible action, but it helps in structuring the process of identifying. An 
image may often be composed of many objects and each may belong to different classes. 
Each of the objects may contain numerous recognizable parts. The process of recognition of 
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even a simple individual object is a difficult task. This process is based on different sources 
of information. The recognition of an object is based on its characteristic: shapes, color and 
texture. The location of an object related to other objects in the image is also primarily 
characteristic of object recognition. Motion, with its characteristics, is another of the 
possibilities for recognition of an object. Some nonvisual characteristics such as knowledge, 
expectation, temporal continuity or reasoning, can also indicate recognition of an object 
altogether with its specific characteristics. The difficulty is that some objects could not even 
be recognized without their context and expectations. 

The direct approach is the idea to compare objects from the image with the stored 
objects under different viewing conditions. To be able to compare two different but similar 
images, it is necessary to define a measure of their similarity. This can be done through the 
computation of some local distortion between images and compensation for changes in 
overall intensity level and linear intensity gradients, so that the measure of difference 
becomes insensitive to the global parameters. The process of optimalisation of differences 
between two images to be compared is important too. Using various linear filtering of real 
images is another type of difference measuring. The object recognition system deals with 
these variations and it is not possible to use simple, straightforward object comparison. 

We adopted completely (as a plug-in) Ullman's technique of object recognition. The 
task of this technique in our research is to recognize objects in an image of the urban 
environment. This technique is implemented as the first autonomous, independent module in 
the conceptual model of our design tool. 

2.1 .3 Computational theories 
One form of growing progress in computing technology in the last three decades is 
information system technology. The information system is a collection of activities that 
regulate the sharing and distribution of information and the storage of data. Database 
technology is concerned with one particular form of information representation within a 
computer system, i.e. as data. Data is known facts that can be recorded and that have 
implicit meaning. A database is a collection of related data with an implicit meaning. A 
database represents some aspects of the real world called the Universe of Discourse (UoD). 
A database is designed, built and populated with data for a specific purpose and an intended 
group of users. 

Databases and database technology help people to use and process information via 
complex computer applications. Object-oriented databases [OODB] were proposed to meet 
the needs to these complex applications. OODB represent collections of interacting objects 
that combine data and behavior. One goal of the object-oriented databases is to maintain a 
direct correspondence between the universe of discourse and database objects so that objects 
do not lose their integrity and identity and can easily be identified and operated upon. 
Object-oriented databases store persistent objects permanently and allow the sharing of 
these objects among multiple programs and applications. 

One of the key concepts in object-oriented database systems is the type and class 
hierarchies and inheritance. This permits specification of new types or classes that inherit 
their structure and operations. 

Another concept of object-oriented database systems is representing relationships 
among objects. A relationship should not been explicitly represented but should instead be 
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described by defining appropriate methods that locates related objects. This early approach 
of the object-oriented database system does not work very well for complex databases with 
many relationships, but recently developed technology solved this problem. 

In our research we chose object-oriented database technology as the main 
computational technique for processing our design tool. The object-oriented database 
technique can follow the complex structure of each urban environment and can perform all 
requirements of our design tool by itself. 

3. CONCEPTUAL MODEL 

As we presented in Figure I, the elements of the system architecture framework are 
the main elements of the conceptual model of the design tool. 

Five main modules comprise the conceptual model of the design tool: 
recognition, meta level, synthesis, evaluation and creation. There are another two 
modules, which are also important in their functions: input and output. All together, 
the conceptual model is composed from seven different modules presented in Figure 
3. Here we will briefly explain each of them. 

The first module in the conceptual model of the design tool is input. Input into 
the system might be a drawing, sketch, map or photo. An input image must represent 
some particular urban environment [or a part of it]. The input image will be checked 
through the stored database, then the user will be asked to answer a couple of 
questions, in a form type, and then the image will automatically receive its code 
number. Then the image is prepared [as an input model] to be 'sent' to the next 
module. 

The second module is the adopted process of recognition. In this process, all 
parts of the image might be 'recognized' by their elements [values of the images]. The 
main parts of the recognition process are: object recognition, alignment approach, 
image combination, classification and identification; all of them relating to Ullman's 
high-level vision. Here, the image is recognized as a bitmap image. 

The third module in the conceptual model of the design tool is called the meta 
level, or 'level between'. Here we have the process of filtering by rnicrounits. 
Microunits are the smallest visual elements, which are previously stored in the 
database, belonging to the whole urban environment represented by the input image. 
The filtering process is important for the sharpness of the image, after the process of 
recognition and also for transmitting bitmap images in vector images. 

Synthesis is the next module, also called composition. In synthesis, all groups 
of micro units, belonging to the image elements, are used to create a final image by 
matching and mapping and comparing with global units. A global unit is a higher 
category of microunits, the synthesis of different microunits forming the smallest 
visual element of the urban environment. Here the image appears as a vector image. 
Together, the process of recognition, meta level and synthesis make the input image 
ready for further manipulation and processing. 
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Figure 3: Conceptual model of the design tool 
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The fifth module of the conceptual model is the process of evaluation, called 
also adaptation. In this phase of use of the design tool, the user for the first time 
interacts directly with the system. This is an interactive module in which different 
solutions, derivations and adaptations can be made. This 'intermediate representation' 
has two overlapping images: the first original input image called 'layerO ', and the 
second image (obtained from the previous module), which is in the manipulative 
evaluation phase overlapping first one. This module interacts with the next one. 

The next module is the process of creation; we have also called it modeling. 
There are several steps in the process such as decision, application and modeling. 
Creation is the process in which a new design solution will be made together in 
interaction with the previous module. They work in 'back and forth' mode, until the 
final solution appears. The final solution [new model] is the result of human-machine 
interaction; as the result of the design task from input as well as evolution phase. In 
this module, the tool will give a final solution in the form of a selected output. 

The seventh and last module is output. Output is the 'new design result' [new 
model] selected to be presented in different forms, such as a drawing, map or photo, 
with possible extension in textual, numerical and tabular forms. The final result of the 
design would be automatically saved in a stored database system. Our design tool is 
based on the self-learning concept. Each next input image might be treated with 
stored knowledge referring to a similar stored case. The system learns by itself. 

4. OUTPUT OF THE TOOL 

The case study is an in-depth investigation. It accordingly uses different kinds of data 
from the OODB to make observations. This is mostly empirical material through 
which the object of study will be understood. The object under analysis is the object 
on which the analysis is based within the selected materials. It is presented in the 
appropriate form for each set of materials. The in-depth description provides a 
demonstrable means of understanding how the urban elements under analysis, which 
appear in specific form, specifically refer to the object of case study, and has been 
defmed from an urban theory perspective. The area of the case study is the campus of 
the Delft University of Technology [TU Delft]. The campus was chosen for a couple 
of reasons: 

it is well known for our 'cognitive mapping' and 'way' finding analysis, 
it has several 'unique' characteristics [such as the integration of canals in 
the urban pattern without any functions], and 
it also has several 'global' characteristics [elements of urban form defined 
by Lynch] which have been easily analyzed. 

We have two types of the cases: the image cases and the map cases. And we defined 
four objects of the cases: 
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first (image case): 

LOCATION OF THE 
OBSERVER IS 

GIVEN, 
COMPOSITION IS 

MAN/PULA TED 

third (map case): 

LOCATIONS A & BARE 
GIVEN, 

ROUTE IS 
MAN/PULA TED 

0/VAY FINDING)<cOGNI~PPING) 

second (image case): 

COMPOSITION IS 
GIVEN, 

LOCATION OF THE 
OBSERVER IS 
MAN/PULA TED 

fourth (map case): 

ROUTE BETWEEN LOCATIONS 
A & B IS GIVEN, 

RANDOM ROUTES ARE 
MANIPULATED 

(COGNITIVE MAPPING, NODES, LANDMARKS) 

Fourth object of the case- cognitive mapping 

We will briefly explain the forth object of the case related to cognitive mapping. We 
used a sketch drawing of one cognitive mapping related to both space and time 
representation [daily schedule], Figure 4. 

After preparing input data [filling in the input forms and getting the image 
code] and selecting one of the couple of stored maps related to the particular urban 
site, the process of recognition and filtering is started. Then our sketch of cognitive 
mapping appears in the map scale and overlaps it with the same indication of objects 
from the original sketch drawing (Figure 5). 

In the process of adaptation, we interacted with the tool by defining the task 
and criteria for the visual analysis of this urban site. In our case we analyzed several 
things: 

the route between indicated objects related to the daily schedule (for example: 
from Sebastian Bridge to the Faculty of Architecture, from the Faculty of Architecture 
to Aula, and so on.) 

the lap from Sebastian Bridge to the Faculty of Architecture with all its visual 
characteristics (good overviews, good prediction of the route, etc.), 

navigational characteristics of the route (such as landmarks or nodes), 
the best route related to the greenery criteria, the ugliness route related to the 

public transport, the shorter route between two objects, and so on. 
We made much more analysis of the site using input information from the sketch 
drawing of the cognitive map, but we cannot present it all here. 
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Figure 4: Sketch drawing of a daily schedule cognitive map 

Figure 5: Cognitive map stretching to the real object (map) position 

Figure 6 presents the lap between Sebastian Bridge and the Faculty of 
Architecture with its sub-routes and other visual-spatial characteristics (main nodes, 
main landmarks, good route overview and partly unpredictable route). This map, 
overlapping with the cognitive map and all 'asked' information as results of the site 
analysis by the design tool, is also one of the possible outputs of the tool. 
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Figure 6: Output of the design tool with results of the analysis of the visual 
elements of one lap 

5. CONCLUSIONS 

In the paper, the main concepts about a design tool, which will improve architectural 
design by taking cognitive mapping into consideration, are described. We explained 
the main theoretical background within frameworks in domain in design theory, 
cognitive science and computer science. 

The conceptual model of design tool was briefly described through all of its 
seven modules. Finally, one of the possible output of the design tool in a case study 
analysis was shown. The case study analysis was based on the design tool simulation 
with all its functionality. The object of the case study is presented in less detail. 
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Modeling traffic patterns has remained a difficult problem in urban planning recently made even more 
complex by transportation modelers' attempts to incorporate aspects of human decision making in a 
traffic demand forecast methodology. In this paper, we propose to study the traffic pattern as the 
emerging result of the interplay between the urban/physical environment, the institutional context, the 
transportation system, and individuals' and households' need to make travel decisions in order to meet 
particular goals of life. The paper presents the aspects of building a virtual environment for the study 
and measurement of human behavior in the context of activity scheduling. The proposed system will 
allow for the tweaking of situational constraints to induce reactions and the examination of behavioral 
outcomes. We postulate that this method will yield more reliable information about human behavior 
and decision making than conventionally used-methods. 

1 INTRODUCTION 

The activity scheduling based approach to travel demand treats personal travel in the 
context of the pursuit of one's activities. An individual's activity schedule defines 
which activities will be conducted, their locations, timing, duration and sequence can 
be considered as the cognitive outcome of short to mid term decision-making process 
based on personal and household characteristics subject to situational and 
environmental constraints and socio-economic policies. (Arentze et a!, 2000). 

The development of an activity-based model requires exact data of individuals 
and households, their activity-travel patterns and their response to policy and transport 
system design decisions. 

Such data is typically collected using traditional questionnaires and/or travel 
diaries. This means that the data needs to be extracted for further analysis in order to 
identify the rules that underlie the decisions that people make in organizing their 
activities and traveling plans. This is normally a complex process because many 
factors are can influence the decision-making process. (Arentze et al, 1997). 

Furthermore, data collection using diaries and questionnaires are highly error
prone as they are entered by hand and respondents show a tendency to only complete 
particular parts of the diaries. The data often require extensive cleaning and 
consistency checks (Ettema et al, 1996). Data needs and data requirements of activity-
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Figure I: Travel demand (source: Arentze et al, 2000) 
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based models are considerably higher and the tendency is for more complex and 
detailed questioning. With iCHASE (Lee et a!, 2000), an internet-based travel survey 
promises to reduce costs and improve data quality. However, it continues to be 
difficult to maintain a good balance between the desire for a high level of data quality 
and reliability and the increased demand on respondents involved in the data 
collection. Besides, if the traditional paper-and-pencil questionnaire is used to 
measure consumer responses to policy or design proposals, this approach has the 
additional potential disadvantage that respondents may have difficulty grasping or 
understanding the implications of the proposed change, making the validity and 
reliability of measurements questionable. 

As an alternative approach, virtual worlds could in principle provide better 
tools for conducting experiments in a controllable environment, particularly in the 
aspect of the conduct of everyday human activities. It is the intention to place human 
subjects in a virtual environment that allows for the probing of cognition and behavior 
in short (daily) and middle term activity-scheduling. The virtual environment will be 
one that subjects are familiar with and through which they can navigate in real and 
compressed time. Practically, the city of Eindhoven is ideal as it is where the research 
is located. Information including institutional and environmental conditions will be 
simulated to a high degree of realism such as to produce an engaging experience. 

Similar city models have been built; for example at UCLA, the Urban 
Simulation team is in the process of creating a virtual model of the entire Los Angeles 
basin. Transit related applications for the virtual Los Angeles have also included 
traffic management and predictions besides the modeling, display and evaluation of 
alternative environments. (http://www. aud. ucla.edu/proj/usim.htm) 
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The difference between such a model and the system proposed in this paper is 
that we are interested in recording the responses of the subjects when they experience 
hypothetical changes as they happen in their urban environments and the adjustments 
that they will make. Creating such a virtual world puts at our disposal the ability to 
envision endless possible scenarios that evoke direct responses without causing major 
disruptions to normal operations. An example of a change in the environment is the 
building of a new shopping complex in a neighborhood that previously has none and 
the nearest one is a considerable distance away. 

What will also be fascinating is the study of the emerging global phenomena 
arising from the individual decisions and its impact on the city as a whole. The 
Transportation Analysis and Simulation System - TRANSIMS at the Los Alamos 
National Laboratory where mutually supporting simulations, models, and databases 
create an integrated regional transportation system analysis environment has been 
designed to give transportation planners accurate, complete information to forecast 
traffic impacts, congestion, and pollution. A TRANSIMS model of Portland 
transportation is under development focusing on forecasting activity based travel 
demand and predicting trips that use multiple modes of transportation. 

2 BUILDING VIRTUAL EINDHOVEN 

We are currently studying possibilities of creating a realistic virtual urban 
environment suitable for the research ranging from the desktop systems (displays 3D 
scenes upon the flat screen of a monitor) to more sophisticated ones such as 
immersive systems (e.g CAVE or Head Mounted Device) where the user is made part 
of the virtual environment. Using geometry-based methods of modeling a city 's 
architecture can prove to be a daunting task. The process is extremely labor-intensive 
typically involving surveying the site, locating and digitizing building plans and 
converting CAD data, made more complicated if they are not already available. We 
also want to avoid noticeably computer-generated renderings. Efforts to model the 
appearance and dynamics of the real world from photographs have received increased 
interest in computer graphics. Debevec et al, 1996 introduced a hybrid geometry-and 
image-based approach that combines photogrammetric modeling to derive 3D 
structures from 2D photographs, model-based stereo algorithm which recovers 
precisely how the real scene differs from the derived structure, and view dependent 
texture mapping which produces images by com positing multiple views of the scene. 
Using the new approach promises benefits of convenience, accuracy, and realism in 
creating large-scale freely navigable virtual environments. 

Hence, optimistically, attempts will be made to create the data model of two 
major parts; 
(i) The 3-dimensional geometries of the main buildings with related functional 
attributes, and the institutional information such as the opening times of facilities, etc. 
By integrating the CAD (computer aided design) and GIS (Geographic Information 
System) technologies, we could have a powerful tool that has potential beyond just 
visualization. The geographical structure of the city will concentrate on the locations 
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where people in the households work, shop, study and play, and the access to these 
various locations. Naturally, the street network will form a crucial component. 
(ii) The virtual city will also incorporate virtual objects such as cars, buses, trains, 
and virtual actors. When the city traffic and activities of virtual inhabitants are set up 
as micro-simulations, the city can assume an "alive" state at a time of interest. (See 
Jiang 1999, Schelhorn et al 1996, and Nagel 1996 on simulations of road and 
pedestrian traffic). As weather and daylight hours can be expected to affect the daily 
activity plan of individuals, it will be simulated as well. The human subject under 
observation will be projected into the virtual city and can participate as an active 
member of the community (http://www.holodesk.com, http://www.activeworlds.com 
http://www.cybertown.com) 

3 THE EXPERIMENT 

3.1 Stage 1: Create your Personal World 
It can be anticipated that the "world" of an individual would not mean the whole city 
but a subset of it. Therefore, each subject will create an individual world that covers 
only the activities that he/she engages in and expects to engage in, the location s/he 
visits and will visit in the near future, and the applicable means of travel. Based on the 
profile information provided by the subject the system can generate a preliminary 
individual world to be further fine-tuned by the subject. 

Figure 2: Stage 1 Creating personal virtual worlds 

"My World ___ " __ -~-,. 

3.2 Stage 2: Scheduling tasks 
The subjects will be given the task of scheduling activities for a given day or to "re
live" yesterday. Depending on the habits of individuals this could be a natural or 
unnatural task since some people do not schedule their activities in advance. Suppose 
that the subject in question is in the habit of planning a schedule, it is assumed that the 
activity schedule is mentally executed at this stage. Whether an individual plans a 
detailed schedule or enter only significant activities, at least some indication should 
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be made of his/her intentions that can be captured. It is important to note that the 
scheduling process does not stop at this stage but continues even during the execution 
of the schedule at Stage 3 where more information will be provided. A summary on 
theories of scheduling behavior can be found in Ettema et al 1993. Please see also 
chapter I of ALBATROSS (Arentze and Timmermans, 2000) for theories and models 
of activity patterns. 

Figure 3: Stage 2- Scheduling tasks (source: Arentze et al, 2000) 

Schcdule+Tours+Mode+l...oca1ion 

Interface tools in conjunction with memory joggers will engage the subjects in 
giving more and detailed information include dragging and dropping activity objects 
on a time scale ruler/calendar. Furthermore a planning assistant (a combination of 
avatar and intelligent agent) will be on hand to provide necessary information as and 
when needed. With the available structural information provided by the subject at 
stage I, the planning agent will be able to dynamically determine if the entries made 
by subjects are admissible or not. An example of an invalid entry is when the starting 
time of one activity is earlier than the end time of the previous activity. Increased 
interactivity is established when the planning assistant prompts the subject because 
inaccurate data had been entered or information is missing. Both sound (conversations 
between subjects and planning assistant) and visual cues will play an important role in 
ensuring that the subjects are guided along in a systematic way to complete the 
experiments. At the University of Rochester, there is experience in efforts to build a 
conversationally proficient planning assistant in the TRAINS project. A key part of 
the project is the construction of the TRAINS system, which provides the research 
platform for a wide range of issues in natural language understanding, mixed
initiative planning systems, and representing and reasoning about time, actions and 
events. (Allen et al, 1995). 

As the subjects are not likely to be expert users of virtual reality systems, 
navigating the virtual world will be made as plain and as natural as possible in order 
to minimize effects of information overload and coordination problems, so that the 
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major effort of the subject is spent on completing the scheduling task at hand. Again, 
based on the profile of the subject, pre-suggested schedules can mean cutting down 
time. However, whether manipulating suggested schedules versus starting a schedule 
from scratch would affect the decision making process is not clear and needs to be 
tested. 

3.3 Stage 3: Executing the schedule 
The schedule is re-enacted by the participation of the subject in the virtual world. At 
this stage, the virtual world becomes populated with different elements such as 
objects of the environment simulated traffic and pedestrians. A simulation run starts 
with a personal preliminary schedule and the subject will meet with "obstacles" put in 
his/her way of achieving the plan due to the environmental constraints and simulated 
unforeseen events. Re-scheduling will be required in order to achieve the goal. 
However, re-scheduling may create other "obstacles" and a new situation arises which 
has to be overcome. The process of the subject arriving at an optimum (or acceptable) 
schedule will be one of iteration and adaptive learning. (Figure 4.) 

Figure 4: Adaptive behavior 

Reasoning, Decision making principks, Attitudes, 
Motivlrion 

Co itive EnYirolllflent 

Options to navigating through the city are being considered and include 
creating a world where users virtually walk, cycle, drive, or be a passenger in a bus or 
train. Examples of such worlds exist in military training at the Virtual Environments, 
Modeling, and Simulation research program in the department of Computer and 
Information Sciences and Operations, Naval Postgraduate School, Montery, 
California. (http:/ /web.nps.navy.miV---code09/profiles.htrnl). Another project 
investigating navigation in natural and virtual environments can be found at the Max
Plank-Institute for Biological Cybernetics, Tiibingen, Germany. (http://www.mpik
tueb.mpg.de). The building of Virtual Tiirbingen was motivated by the interest in the 
capability of humans to navigate through known and unknown environments. 

It is very desirous, if not essential, for the subjects in the virtual environment 
to be able to travel anywhere and view the world from their viewpoint in a digitally 
accurate perspective. A recommended simulator to achieve this would require big 
screen projection to cover the normal visual angle while the actual physical action of 
walking, cycling, or driving creates the experience of movement. Actions in the 
simulated environment can be monitored by an observing agent that collects 
information about the interactions amongst the various objects in the virtual world. 
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Agent tools generating statistics about subjects' movement and choices, as well their 
response performance will be useful besides recording the number of inconsistencies 
and unaccounted time. We hope to infer from the experiential information "extracted" 
from the subjects their reasoning, attitudes, and motivation of decision-making in the 
context of activity scheduling. In other words, we are interested in deducing 
behavioral rules behind the actions and adaptations in response to changes. These 
rules can then be used to model traffic patterns and predict transport demand in a new 
area of interest. 

Qualitative and quantitative analysis of the experiment in the aspects of tasks 
difficulty and realism, personal involvement and respondents' burden, level of 
motivation to do the tasks, and respondents' feedback should contribute towards 
future research into the design of interactive virtual world experiments. 

4 DERIVING DECISION RULES 

It is our intent to describe the "thought processes" and the behavior of subjects in 
terms that can be rendered using computational procedures. Data collected from a 
sample of the city population will form the data set from which decision rules will be 
derived using inductive algorithms (Figure 5). We propose a cognitive system that 
represents the mental model of human subjects, assembled from rules and default 
hierarchies. Rule-based, also known as induction, systems will be adopted to learn 
and predict human choices. For a full treatment of induction and rule based cognitive 
systems, see Holland et al1987. 

Figure 5: Matching rules to observed choice data 

Cognitive System 

Process of Induction 

llerivationof t 
Matching Rules ......_j 

In setting up the induction system that simulates the behavior of humans 
capable of flexible performance and of learning from experience, the central 
assumptions are that induction is (a) directed by problem solving activity (in this case 
the scheduling and execution of one's personal activities) and (b) based on feedback 
regarding the success or failures of predictions generated by the system. A 
fundamental aspect of implementing classifiers is the encoding of events, messages, 
conditions, and actions. This will be subsequently reported in due course. The 
objective is to discover, in a goal directed manner, by matching observed actions, 
conditions, responses, and choices etc., to rules that exhibit the observed choice data. 

247 



The rules undergo a continual refmement process to improve their representations of 
the users' behavior. 

5 SYSTEM CONFIGURATION 

The processes described above advocates setting up three components: a Profile 
Simulator that models that virtual environment and dynamic virtual objects 
representing situational variables, a Profile Registration component to record the 
activities and behavior of the subject, and a Data Analyzer component that allows the 
analysis of the validity and quality of data collected. (Figure 6) 

Figure 6: VR System configuration 

~~ Profile Profile 
Simulator Rtgfstndoo 

Physical Activity 
Environmm1 Choices 

Transportarion 
Syt~em Location 

Pononal & Time (Statt, 
Household IN, &d) 
Attribui.CS 

Institutional 
Coatcxl 

With Whom 

Travel Mode 

Schedulel 

Schc:dulel 

Pc:rfonnanee 
Jodjcal.DrS 

> Data Aoalyur t::..:. 

248 



6 CONCLUDING REMARKS & FUTURE WORK 

Using Virtual Reality in studying travel behavior can be expected to yield progress in 
two areas; (i) in the design of a virtual reality system as an instrument to collect data 
that meets the needs of activity-based transport modeling, and (ii) in the indicators on 
how to empirically derive rules in heuristic processes for decision-making in activity 
scheduling. 
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This paper describes the use of Geographical Infonnation Systems to calculate accessibility measures. 
Special attention is paid to the specification of the underlying road network characteristics and the 
available tools to incorporate these characteristics into the calculation of accessibility measures. 
Networks, as used in this paper, consist of lanes and intersections with accompanying characteristics 
that influence traffic flows. Traffic flows in lanes are influenced by characteristics such as length, 
average speed, and capacity. Flows at intersections are directed by turning movements and transitions. 
The paper explores the influence of network specification on the external validity of accessibility 
measures.Three different networks for the city of Eindhoven, the Netherlands, are specified and 
compared. The ftrst network is based on the distance of the various road links. The second network is 
specified with the average travel time that is needed to pass road links. The third network is based on 
the average travel time of links and nodes extended with extra time needed to turn at intersections or to 
transfer from one link type to another. Two simple accessibility measures are calculated for these 
networks: the Mean Separation Index and the Gravity Type Index. The results of these calculations are 
compared with residents' evaluations scores for the accessibility of their neighbourhood. The study is 
placed in the context of shopping facilities. It appears that the detailed specifications of the road 
network, as suggested in this paper, result into marginal improvements in the external validity of 
accessibility measures. 

I INTRODUCTION 

Accessibility is a recurring issue in urban planning. Increasing traffic volumes, 
especially in central areas, force urban planners to think of relevant traffic measures in 
their redevelopment plans. The main goal of these measures is to reduce car use by 
increasing travel time for cars and decreasing car infrastructure such as parking 
facilities and road capacity. Such measures typically influence the accessibility of 
locations. To assess the impact of these planning measures, a variety of accessibility 
measures is available. The base of all accessibility measures is the urban road 
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network. This network consists of traffic lanes and intersections with accompanying 
characteristics. Some of these characteristics such as road capacity and traffic lights 
directly influence travel times. This implies that a well-defined road network is 
essential for a realistic calculation of accessibility measures. Geographical 
Information Systems (GIS) that allow one to handle detailed road networks are a 
viable tool to support this planning process. 

The relevance of accessibility measures in evaluating alternative planning 
measures depends, among other things, on the validity of the accessibility measures. 
The question then is: 'To what extent do these measures capture the phenomena that 
they intend to represent?' In a first study on the validity of conventional accessibility 
measures, Van der Waerden et a/. (1999) found that the relationship between 
objective accessibility scores and subjective evaluations of accessibility was close to 
zero. The accessibility scores were calculated using two simple accessibility measures 
and a general network specification based on travel time only. To further explore this 
relationship, the researchers suggested to focus on the physical aspects that influence 
the residents' evaluation scores of accessibility, and to examine more sophisticated 
accessibility measures based on, for example, subjective evaluation scores. 

The current paper focuses on the physical aspects of road networks, such as 
road length, travel speed, road type, direction restrictions (one-way versus two-way 
streets), and traffic lights. A more detailed road network can be achieved by an 
extension of the existing road network with new road segments. The existing road 
network can also be described in more detail by adding new characteristics such as 
number of lanes and road width. A third way to improve network representation 
consists of the inclusion of turn and transfer penalties that describe the additional 
effort to pass a segment or a node. Of course, the higher the level of detail, the more 
data is required, and the higher the costs of data collection and storage will be. 

The aim of the current paper is twofold. First, the possibilities offered by GIS 
to specify and analyse detailed road networks, in combination with the calculation of 
accessibility measures are examined. Next, attention is paid to the influence of 
network specifications and accompanying characteristics on the external validity of 
two simple accessibility measures. 

To achieve these aims, the paper is organised as follows. First, the 
characteristics of road networks and available network analyses are described. This 
description is followed by the specification of the two simple accessibility measures 
that are used in this study. Next, attention is paid to the capabilities that a specialised 
GIS offer to handle networks and to perform necessary network analyses. The GIS
package TransCAD (version 3.2) is used to illustrate the various possibilities. In 
section 4, an example of the influence of different network specifications on the 
external validity of accessibility measures is described. The paper ends with some 
concluding remarks. 
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2 NETWORKS AND NETWORK ANALYSES 

Networks consist of links and nodes. A link is the line segment between two 
consecutive nodes. At the very minimum, the following link related data should be 
included in the database to be able to perform many network analyses (Ortllzar & 
Willumsen, 1994): (i) the length; (ii) the free--flow or observed travel speeds; and (iii) 
the capacity (usually in passenger car equivalent units per hour). In addition, the 
following data could be stored at the level of links: (iv) type of the road; (v) road 
width and/or number of lanes; (vi) an indication of the presence or otherwise of bus 
lanes, or prohibitions of the use by certain vehicles (e.g., lorries); (vii) banned turns, 
or turns to be undertaken only when suitable gaps in the opposing traffic become 
available; and (viii) storage capacity for queues and their presence at the start of a 
traffic signal phase. A node is the point in a network where one or more line segments 
are joined (Burrough, 1986). At the level of nodes or intersections, the following 
characteristics might be relevant: the presence of static or dynamic traffic lights, the 
obtained right-of-way rules, the allowed tum movements, and the presence of 
different lanes. 

Networks are used to carry out various types of network analyses. Network 
analyses are based on (i) continuous, connected networks; (ii) rules for displacements 
in a network; (iii) definitions of units of measure; (iv) accumulations of attribute 
values due to displacements; and (v) rules for manipulating attribute values 
(Bemhardsen, 1999). Some examples of network analyses are 

the shortest path problem: finding the shortest way between two points in a 
network, 
the travelling salesman problem: finding the optimal way to make a series of 
stops in a network, and 
the 'network partitioning' problem: dividing the links and nodes of a network 
into zones or districts centred around specific point locations. 

A specific group of network analyses is related to the issue of the accessibility of 
locations. Ingram (1971) defined accessibility as 'the inherent characteristic (or 
advantage) of a place with respect to overcoming some form of spatially operating 
source of friction (for example time and/or distance)' . According to Ingram 
accessibility has two dimensions: (a) accessibility between two points, and (b) 
accessibility between one point and a set of other points. This latter dimension forms 
the base of the two (simple) accessibility measures that are used in this study. The first 
measure is the Mean Separation Index (MSI) that measures the effort of overcoming 
the spatial separation between zones. When travel time is used, MSI is nothing but the 
average travel times to all possible destinations regardless of the available level of 
service. The MSI can be expressed as follows. 
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where: 
A; is the accessibility of zone i; 
N is the number of locations used in the calculation; 
Cii is the perceived cost (e.g., travel time) to the traveller between zones i and). 

Because, in this study, the measure has to be calculated for the accessibility of 
community shopping, the zones) are limited to shopping zones only. 

The second accessibility measure is the Gravity Type Index (GTI). In contrast to the 
previous measure, the GTI takes into account the available level of service in a zone. 
The measure is expressed as follows. 

j 

where: 
A; is the gravity type accessibility of zone i; 
Sj is a measure of attractiveness of zone); 
cij is the perceived cost to the traveller between zones i and); 
f is a travel impedance function, e.g. power or exponential. 

The GTI for the present study is defined as follows. 

where: 
A; is the gravity type accessibility of zones i; 
~- is the available level of service ofthe shopping centre at zone); 
cij is the perceived cost (travel distance or travel time) to the traveller between 

zones i and); 

a is a positive parameter (in this study a is equal to 2). 

The level of service of the shopping centres is defined on a 5-point scale (1 =small 
shopping centre and 5=large shopping centre). The shopping centres are ranked using 
the amount of floor space. 

3 GIS CAPABILITIES 

The GIS-package TransCAD (Caliper, 1996), used in the present analysis, offers a 
variety of tools to define and store different types of networks, and to perform either 
simple or more sophisticated network analyses. In fact, compared to other GIS, it 
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offers a wide variety of options to specify road networks. To store the network 
information, the package uses two different file types. The first file type contains the 
base information (geometry and characteristics) of the individual links and nodes in 
the network. This information is stored in two different layers (a line and a node layer) 
in a so-called line database. This information can be used to define one or more 
network types that can be used in the analyses. For example a network can contain 
only the length of each link. The network can also contain travel time and the capacity 
of each link. These network definitions are stored in so-called 'network files'. In these 
network files, the following settings can be included (Figure I): the characteristic that 
represents the link impedance (travel distance, travel or time, travel cost), the flow 
direction of the link (one or two ways), the link capacity, and the link type. This latter 
variable can be used to distinguish different types of links in the network (e.g., 
highways, collector roads, and residential roads) 

Figure I: Dialogue box for network specification in TransCAD 

A given network specification can be extended with extra impedance related to a 
transfer from one link type to another link type, or a turn at or a pass of an intersection 
(Figure 2). The extra impedance can be defined for the total network or for some 
specific parts of the network. For example, a transfer penalty table can be constructed 
for the transfer from highways to residential streets only while turn penalties can be 
defined for intersections with traffic lights only. 

In summary, TransCAD offers a variety of tools to define different type of 
networks taking into account the base impedance of links and, if necessary, the extra 
impedance caused by transfer or tum movements. However, the transfer and turn 
penalties connected to these movements are not dynamic; an increase of traffic flows 
does not change the penalties automatically. 
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Figure 2: Network setting dialogue box in TransCAD 

4ANEXAMPLE 

To investigate the effects of various network specifications on the value of the 
specified accessibility measures, data of the city of Eindhoven is used. Eindhoven is 
the fifth largest city of The Netherlands and is located in the South of the country. The 
urban area of the city includes approximately 200,000 residents. The metropolitan 
area has approximately 700,000 residents. 

To achieve the suggested goal, the following two phases are distinguished. 
a. The calculation of the defined accessibility measures 
The calculations are based on three different networks that are specified as follows. 

A network based on the length of the various road links; 
A network based on the average travel time that is needed to pass road links 
and intersections; 
A network based on the average travel time of links and nodes, and the extra 
time needed to turn at intersections or to transfer from one link type to another. 

Figure 3 presents the structure of the urban road network of Eindhoven as it has been 
stored in a GIS line database. The line database also contains additional information 
as shown in Table 1. A centroid connector is used to connect a zone to the network. 

In addition to the line database, a transfer penalty database is constructed 
(Table 2). The table can be used to add extra impedance to the base impedance of the 
network links. For example, a left turn from a road of type 1 (highway) to a road of 
type 2 (main roads) adds 14 seconds to the total travel time. 
Table 3 presents an example of turn penalties (from O'Flaherty, 1986) that were 
included in the network analyses. The penalties are connected to all nodes of the 
network. 
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Figure 3: Urban road network of the city of Eindhoven 

Table 1: Road types and accompanying average speeds 

Description Road level 
Highway 1 

Main road 2 
Collector street 3 

Residential street 4 
Centroid connector 5 

Map Layers 
---Road Network 

0 .110 1.8 2.7 --Kllomotors 

Average speed (mls) 
27.80 
16.70 
12.50 
8.30 
1.40 

Table 2: Part of a transfer penalties (in seconds) database 

Movements 
FROM TO Left tum Right turn Straight U-turn 

(Road type) (road type) Forward 
1 2 14 9 3 -
1 3 12 7 3 -
I 4 12 7 3 -
I 5 5 3 3 -
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Table 3: Turn penalties 

Movement Penalty (in seconds) 
Straight forward 2.5 
Twn right 5.0 
Twn left 7.5 
U-tum 10.0 

b. Statistical comparison of the results per cluster 
As a test of external validity, the calculated accessibility measures are compared with 
residents' evaluation scores for the accessibility of shopping facilities. These scores 
were gathered by means of a written questionnaire administered to a random sample 
of residents (approximately 18750 households received a questionnaire) of the city of 
Eindhoven in 1995. This general-purpose questionnaire included questions about 
living conditions, demographic information, and judgements about various aspects of 
the residential environment. One of these aspects concerned accessibility. 
Respondents were requested to rate the accessibility of their neighbourhoods with 
respect to community shopping facilities. The rating involved a 5-point scale (!=bad, 
5=excellent). A total of 7982 residents of the city of Eindhoven returned the 
questionnaire, representing a response rate of 42.6%. For the purpose of this study, the 
respondents' evaluation score for the accessibility of shopping facilities were 
averaged per zone. These answers are portrayed in Figure 4. 

Figure 4: Distribution of the average evaluation scores for the accessibility of 
shopping facilities 
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The results of the correlation between the calculated accessibility scores and the 
average evaluation scores are presented in Table 4. The negative signs for the 
correlation of the MSI indicate that as expected, a higher separation (travel time) 
results in a lower evaluation score. In the case of the GTI, a positive sign for the 
correlation indicates that an evaluation score increases when the gravity index 
increases. The addition of transfer and turn penalties does not improve the correlation 
coefficients very much. More specifically, in the case of the MSI the correlation 
coefficients become weaker when the network is specified in more detail. In the case 
of the GTI, the correlation coefficients improve a little. 

Table 4: Correlation coefficients between accessibility measures of different road 
networks and residents' evaluation scores 

Road network 

Based on distance 
Based on travel time 
Based on travel time & transfer penalties 
Based on travel time & turn penalties 
Based on travel time, transfer & turn penalties 

Correlation ts stgruficant at the 0.05 level (2-talled) 
Correlation is significant at the 0.01 level (2-tailed) 

5 CONCLUSIONS 

Accessibility measure 
Mean Separation Gravity Type 

Index Index 
-0.088 0.215 
-0.133"" 0.238"" 
-0.108"" 0.254"" 

-0.128" 0.261"" 
-0.100" 0.267"" 

The aim of this study was twofold. The first aim was to investigate the possibilities 
that GIS offer to handle detailed road networks for improving research on 
accessibility measures. An important issue in this context concerns the level of detail 
of the involved road network. In general, a higher level of detail results into a more 
realistic road network. A more realistic network requires detailed information about 
the individual links and nodes of the road network that can be included in the relevant 
(network) analyses. Some examples such as the flow direction on links and transfer 
and tum penalties of links and nodes are included in this study. It appears that a 
specialised GIS like TransCAD can handle detailed road networks. TransCAD offers 
a variety of tools to define road networks and accompanying transfer and tum 
penalties for both the whole network and individual links and nodes. However, the 
included transfer and turn penalties could not be specified dynamically (e.g., flow 
dependent). 

The second aim of the study was to examine whether the extra effort (time 
and/or cost) of implementing detailed road network information in the analyses 
improves research on accessibility measures. Therefore, a comparison of two simple 
accessibility measures and gathered average residents' evaluations scores for 
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accessibility is elaborated. The accessibility measures have been calculated for five 
different road networks. The calculated correlation coefficients show that the 
introduction of additional network information does not change the performance of 
simple accessibility measures significantly. However, the results show clear difference 
between the two accessibility measures. In the case of the travel time based 
accessibility measure the results decrease with the level of detail, while in the case of 
the accessibility measure that is based on the travel time and the (shopping) 
opportunities of zone, the results increase with the level of detail. This might indicate 
that more advanced accessibility measures are more valid when using the detailed 
network information than measures mainly based on travel time or distance. 
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We try to document people's planning styles and so predict what options they will favour, in any 
planning situation. This will be extremely valuable for planners seeking to anticipate community 
reactions to proposed plans. The data which might reveal people 's planning styles was actually 
generated by a "Design Decision Support System" (DOSS) which we engineered ourselves. It is 
described briefly in Section One. Section Two then uses this system's generated data to uncover 
people's planning styles. Eventually some tentative conclusions are reached. These include people's 
bias towards those options that are "correct", "effective" and "safe". Also, whereas males, and the 
more educated females, tend to be positive towards planning options that are fast and easy, the less 
educated females actually reject them. The science required to reach such conclusions was hampered 
by the author's engineering mindset that underpinned his building of the DOSS in the first place. 
However, once this was overcome, the conclusions could be fed back into the DOSS to improve it - a 
good example of science synthesising with engineering for the benefit of both. 

1 INTRODUCTION 

We seek to find whether different planning styles characterise different sorts of 
people. To do this we will search data that is generated whenever our decision-making 
software is used. Planning styles can then be fed back into the software to make it 
better able to predict the community's planning decisions. Our DDSS therefore 
becomes "self improving" in the sense that the more it is used the better it is able to 
predict people's planning choices - if we can scientifically demonstrate that people 
plan in predictable ways. 

Accordingly, this paper looks for planning behaviour patterns within the data 
we have collected so far. Hence Section One's description of the DDSS, described 
more fully in Wyatt (1999), will be rudimentary to the point of simply providing 
enough information for readers to understand the main part of this paper - Section 
Two. The latter carefully searches for people's planning styles. However, it is 
hampered, for some time, by the author's engineering mindset that was necessary for 
him to construct the DDSS that supplied the data. Such an approach needed to be 
subverted so that planning styles could be identified rigorously. 
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2 THE SOFTWARE 

Our software is known as "Strategizer''. It gives its users generic planning advice, 
about which planning options seem to be best, no matter what planning problem is 
being addressed. The package has been through many incarnations, and the latest 
version (Wyatt & Smith, 2000) is the simplest yet to use and to understand - it is well 
"engineered". This is because: 

I. all processes have been compressed into just one computer screen 
2. the software no longer uses a mysterious, neural network to learn - it uses an 

intuitively obvious, transparent, graphics-based method instead 

Strategizer asks users to input the planning options that are being considered 
and to then score each option on each often, "universal" criteria. That is, the same ten 
criteria are used for all problems. In this paper the ten criteria are given simple, one
word titles, but they are more fully described elsewhere, such as in Wyatt (1999). 

Using the same ten criteria every time has several advantages. One is that 
Strategizer often forces users to evaluate options in the light of concerns that they 
would not have remembered to nominate themselves, even though such criteria are 
used in almost all instances of planning, albeit sometimes sub-consciously. But more 
importantly, the use of constant criteria, across all problems, allows us to search for 
evidence of people's generic planning styles. 

We define panning style here as the sets of criteria to which the most 
and the least importance is assigned. An illustration of one such style is shown in 
figure 1 below, which is a partial screen dump of Strategizer in action. 

But first consider figure I. This shows how Strategizer "learns" any 
user's planning style. In this example the planning options being considered are 
"capitalism" versus "socialism", and the user has nominated whether each alternative 
is "safe", "fast" "easy" and so on down to the tenth criterion - "responsiveness (to 
effort)". 

An illustration of such associations is shown in figure 2. Here each criterion is 
shown with its corresponding, column-based chart. In these charts the left-most 
column represents criterion scores between -I 0 and -8. The next column to the right 
represents a criterion score between -7.99 to -6, and so on through to the right-most 
column representing a criterion score between +8 and +10. Moreover, each column's 
height shows the overall option desirability that tends to be associated with such a 
criterion score. 

Figure 2, which shows much of the standard screen generated by Strategizer, 
also demonstrates how such column charts are used to give planning advice. 
Specifically, the DDSS notes the criterion scores assigned by the current user and 
averages such scores' corresponding column heights, as supplied by its "advisers". In 
this example the advisors are "females". 
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Figure 1: How Strategizer learns from a user 

When aim =ieqt.ily for jSociety 

Is ------> jcapilallsm j jsociallsm 

Safe? [11 7 • IE]-7 • 

Fast? [I 8 • ~-6 
• 

Perm~~: ~- : : ~+ ~: : 

Ur nt? + -9 • - 8 • · oe . 

Effective? [1 3 11 ~ 1 
' 

Correct? EJ-7 • - 9 • 

Independent? [::1 3 11 + -
5 • 

likelY? [JI 6 
• C. 4 

• 

Responsive? [I 5 e EJ -6 • 

Your opinion -------> C. 6 e EJ -3 e 

This enables figure 2 to assert that, according to the current user's scores and 
the planning style of females, capitalism is preferable to "socialism". In other words, 
females, who have the planning style indicated by the column charts next to the 
criteria, believe, on the basis of the current user's criterion scores for the two options, 
that capitalism outscores socialism 1.6 to 1.1. 

Likewise, we could find out, given the current user(s)' criterion scores, which 
option is likely to be preferred by males, by graduates, by undergraduates or 
whomever. This is because Strategizer has previously recorded such people's 
respective planning styles (criterion-based column diagrams). 

In this way Strategizer is able to anticipate the favoured options of different 
community groups, no matter what the problem is, provided the said community 
groups have a consistent planning style across different problems. Accordingly, we 
will now examine, carefully and scientifically, the data that has been generated by 
people's use of Strategizer in the past. We will do this to see whether there is any 
evidence of consistent planning styles. 
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Figure 2: Strategizer giving advice to a user, based on the advisors' planning 
style, which is shown by each criterion' s column chart 

When aim=§ I for jsocloty I 
1s --> ICO!lhism I ~soc~o~sm I - Safe? [117 • IE]-7 • - Fast? [118 •IEJ-6. - Easy? [11 3 • IE]-7. 

r 13ome users - Permissive? [11 5 • IEJ -5 • 
r . vou - Urgent? IE]-9 • [118 • - Bfectlve7[11 3 • [lit 
r. IM!f'fllne 

Correct? a:J-7 • [11 9 • r. males -r females -~n~[ll3 • IEJ-5. 
r graduates 

- l.lket/1 [116 • ~ 4 • r non-grads. 
r cluster 1 - Responslua? [JI5 • • -6 • r cluster 2 
r. cluster 3 

ADVICE -> ~~ .6 • ~1.1 
-10 -5 - .s 

3 EXAMINING PLANNING STYLES 

10 

Specifically, we will examine the planning style of each sub-group of past users of our 
software, and we will then look at the planning style of the total sample - all sub
groups amalgamated together. We will then divide this total, amalgamated group into 
different sub-samples based on types of people, for example males versus females, to 
test whether or not there are any major differences in planning style between them. 

Following this, we will apply cluster analysis to our total amalgamated sample 
in order to identifY clusters of people who are united by some similarity in their 
planning styles. We will examine both the type of people within such clusters and 
their planning behaviour. Then we will cluster people again, this time on the basis of 
their attitudes to just two, rather than all criteria, in an attempt to see how different 
sorts of people treat these two criteria differently. 

Finally, we will get away from clustering people into like-thinking groups, 
because doing so is a product of an engineering mind set that seeks to build a more 
versatile DDSS. Instead, we will become more "scientific" by dividing people on the 
basis of specialised cross tabulations, in one last attempt to "get to the bottom" of 
differences in people's planning behaviour. This will generate new insights - insights 
that can then be fed back to the DDSS in order to improve it. Such a process is part of 
the never ending, circular synthesis between science and engineering that should 
characterise any healthy field of endeavour. 
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3.1 The Sub-groups 
Only the data from people who have interacted with Strategizer over the last year will 
be examined in this paper. Before that, the DDSS was not "friendly" enough to 
engender confidence that it would generate reliable information. There was always a 
suspicion that users were sometimes less than clear, in their own minds, about what 
some of the criteria actually meant. As such, their ability to supply reliable data was 
severely compromised. 

Even over the last year, Strategizer has undergone continuous improvement, as 
ever, in order to make it easier to use and to understand. We therefore suspect that the 
data it has generated over this time has become slightly more reliable as we get closer 
to the present date. Thus sub-groups who used Strategizer in 1999 possibly gave us 
slightly less reliable data than sub-groups who used it in 2000. 

Our first sub-group to use Strategizer comprised fourteen undergraduates who 
were studying architecture and building at a provincial university in Australia. In their 
treatment of Strategizer they were somewhat flippant compared to our second sub
group. The latter comprised almost exclusively honours students - six people studying 
geography at an Australian metropolitan university, and they used the software under 
the author's supervision with great care and sincerity. The third sub-group was even 
more sincere - eight postgraduate students of geography who were actually paid a 
small amount of money to interact with Strategizer carefully. 

The fourth group comprised everyone in the class of forty one undergraduates 
from whom the members of our first group were drawn, so there has some doubling 
up in our sample. This class had eventually become familiar with the general nature of 
Strategizer through using it in their studio to undertake a design project for the local 
yacht club (Wyatt and Smith, 2000). However, class members did not actually use 
Strategizer when supplying their data; they used a paper copy of the screen that 
Strategizer presents to users, which is mostly shown in figure 2 above. In other words, 
these students simply filled out options' criterion scores, and overall scores, in the 
boxes provided. Also, unlike all the other student groups who addressed a self-chosen 
variety of different problems, this fourth group all addressed the same (Yacht Club 
design) problem. 

The fifth group was our only non-student group. It comprised seven members 
of the Yacht Club that Strategizer was being used to design better facilities for. Again, 
these people also considered the same problem - upgrading yacht club facilities. The 
sixth and seventh groups numbered fourteen undergraduate and eight honours students 
of geography respectively. Although using more sophisticated versions of Strategizer, 
they did so under no supervision and minimal supervision respectively - they used the 
software to complete a class assignment, alone. They could, therefore, have used 
Strategizer in a fast, insincere and "slap dash" way in some instances, thereby 
decreasing the validity of their generated data and so lowering the odds of them 
exhibiting any consistent planning style. 
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3.2 The Planning styles 
For each sub-group we constructed a set of charts, one for each criterion, as shown in 
figure 3. This one happens to be for our total, amalgamated sample. The dark columns 
are exactly the same as the columns shown in figure 2 above, where column height 
indicates option desirability generally associated with that criterion score. The grey 
columns represent the criterion scores themselves. 

An "Excel" spreadsheet formula was used to correlate the heights of the dark 
columns and the grey columns, and another formula was used to calculate the slope of 
the dark columns. Accordingly, both the correlation and the slope, for each criterion, 
are shown under each chart .. 

Now, if the heights of the grey and the dark columns move in tandem their 
Corr(elation) score will be high, and so we can conclude that this criterion is 
associated with, and probably important for determining option desirability. 
Conversely, if the correlation between the heights of the grey and the dark columns is 
low, then this criterion is probably not as important in determining option desirability 
- this criterion does not figure prominently in the group's planning style. 

But the slope of the black columns' heights probably best shows the 
definiteness of any association between criterion score and option desirability. If the 
slope of the tops of the dark columns is steep, there is coherence, or a consistency in 
this criterion's relationship with option desirability. Conversely, if the slope is 
shallow, this indicates a fairly random pattern of dark columns' heights - option 
desirability is scarcely associated with its score on that criterion. 

Thus we have two pointers to the emphasis that people are placing on criteria. 
Whereas the "importance" of any criterion tends to be indicated by the slope of its 
dark column heights, the "consistency", or reliability of such importance is indicated 
by the correlation coefficient. In other words, slope and correlation, taken together, 
give an indication of any criterion's influence- planning style. Taken separately they 
mean slightly different things, but together they measure a criterion's impact on 
decision making. Hence the respective planning styles of our sub-groups can be 
expressed in terms of the correlation coefficients and the slopes that they generated for 
the ten criteria. 

Moreover for any sub-group, its average correlation coefficient and average 
slope represents the coherence of its planning style. That is, those sub-groups that 
generated higher correlation coefficients and slopes have a more obvious planning 
style. By contrast, those with lower correlations and slopes appear to be less definite 
in terms of demonstrating any particular planning style. Therefore, sub-groups can be 
compared, for the coherence of their planning styles, by charting their "average" 
correlation and average slope across all ten criteria, as shown in figure 4. 

Figure 4 mostly confirms our suspicion that the clearer the software became, 
the better it was at revealing its users' planning styles. In figure 4, sub-groups are 
arranged in order of the date on which they interacted with the software, from bottom 
to top, and, sure enough, the coherence of the planning styles tends to increase, in 
general, from bottom to top. However, the lack of supervision of the last two groups 
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has caused them, as anticipated, to buck this trend of chronological improvement. 
Moreover, the most coherent sub-group of all was the undergraduates who used the 
paper version of Strategizer and who all addressed the same problem .. 

Note also that since the widths of the bar for "all users", at the top of figure 4, 
is maximal, the best way of deriving some sort coherent planning style is to 
amalgamate all sub-groups into one total group. That is, over many different types of 
people, and across a large array of planning problems, if we amalgamate all 
information generated we begin to find a definite planning style emerging. 

And now to the planning styles themselves. The style for our amalgamated 
group is shown in figure 5, along with two other planning styles - that of all the males 
in our amalgamated group and that of all the females. We can deduce that the most 
important considerations, when our total group evaluates planning options, are: 
correctness. Effectiveness and safety and that the criteria of: speed, ease and 
independence play only a minor role. 

What are the main differences in planning style between females and males? 
Figure 5 shows that important criteria, for both males and females, are again: 
correctness, effectiveness and safety,.but at the bottom of their profiles there is a 
difference. Whereas males put some positive importance on an option's ease and 
speed, females place a negative importance on these criteria - females, apparently, 
dislike "quick fix" options. 

We are, of course, speaking here in broad, average terms. Closer inspection of 
females' actual criterion graphs, like the one shown for the total group in figure 3 
above, reveals a bi-modal pattern of dark columns' heights for the speed and ease 
criteria. In other words, there seem to be sub-groups of females who respectively 
favour and distrust fast and easy options. Yet the negativity of their overall slopes 
suggests that there are substantially more females who are against fast solutions, and 
there are slightly more females who are against easy options. 

Nevertheless it is tempting, especially given some forms of gender 
stereotyping, to simply assume that males are comfortable with fast and easy options 
whereas females are, quite rightly, suspicious of them. Yet this would be too much of 
a sweeping conclusion for, as table 1 shows, mistrust of the quick fix option is more 
an undergraduate trait than it is a female trait. And this is not because most of the 
undergraduates in our sample were female; most undergraduates were male. 

Note that the undergraduate - postgraduate divide in our data is not clear cut. 
This is because some of the sub-groups, like the students of architecture in sub-groups 
one and four, were completing a double degree, one of which they had already 
finished. Consequently, when Strategizer asked them if their level of education was 
secondary or tertiary, some would nominate the first and others the second. Thus the 
"graduates" in our sample were either genuine graduates or undergraduates confident 
enough to refer to themselves as "tertiary" educated, and the undergraduates were 
either genuine undergraduates or those claiming that their level of education was 
"secondary''. 
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Figure 3: The associations between criterion scores and option desirability for all 
our software users amalgamated together 
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Figure 4: The coherence of sub-groups' planning styles 
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Now, whereas the "graduates"' graphs showed positive correlations for speed 
and ease, the undergraduates graphs actually showed negative correlations for speed 
and ease, and for urgency as well, albeit very weakly. We might, therefore, be tempted 
to conclude that rather than females, it is those people who refer to themselves as 
educated only to the secondary level who are most against options that are fast and 
easy. But again, this could be too sweeping a conclusion. Perhaps only a certain type 
of undergraduate tends to have such a planning style. 

3.3 Clusters' planning styles 
We may be able to shed further light on this by dividing our sample of people in some 
other way. Indeed, we need to review the wisdom of what we have been doing 
anyway. It may seem reasonable to compare the planning styles of males versus 
females, undergraduates versus graduates and so forth, but there is no logical reason to 
assume that these sub-groups plan in different ways. We think we may have found 
some suggestive differences, such as males, or undergraduates, being far more willing 
to accept "quick fix" options, but such conclusions might not be based on the neatest 
cut of our (planning styles) data. To achieve the most incisive partition, programs like 
Strategizer feed their data to a cluster analysis program. That is, every individual's 
planning style- their heights of each column in each of their criterion graphs (figure 2 
above), is fed to a cluster analysis routine. The latter then groups people together into 
clusters of similarly-

270 



Figure 5: Tbe planning style of all users, all males and all females 
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Table I: Attitudes towards fast and easy options by sex and by education level 

TOTAL MALES FEMALES UNDER- GRADUATES 
SAMPLE GRADUATES 

(No. of people) (98) (66) (32) (17) (79) 
Female% 33 0 100 12 38 
Undergraduate % 17 23 6 100 0 
Correl. for speed .38 .44 -.06 -.15 .64 
Correl. for ease .43 .47 -.15 -.13 .52 

planning individuals- people are grouped on the basis of their planning styles. We can 
then simply average all the column heights for all the individuals in any one cluster to 
get that cluster's overall, planning style. 

Accordingly, so long as our sample ofStrategizer users reflects the community 
at large, we have recorded distinct planning styles, if any exist, which pertain to 
distinct clusters of people within the community. Moreover, such clusters' planning 
styles can be expressed as Strategizer's ten column charts. Thus Strategizer can predict 
likely option choices for different, distinctly-planning sub-groups that we have found 
lurking within our sample of users. 

Note that when it comes to clustering individuals according to their planning 
styles, the author mistrusts some of the standard, commercial, mechanical, clustering 
routines available. This is because such packages always provide an answer, a 
clustering, no matter what- even if there is no obvious patterning within the input data 
at all. 

For this reason he wrote his own clustering routine in Excel "Macro" 
language. This program is modelled on a neural clustering, "self organising map" type 
of approach developed by Kohonen (1984). Such a method "feels" its way gently 
through the raw data in a similar way to a predictive, neural network. As such, it will 
only cluster individuals together if there is genuine clustering implicit within the raw 
data. Conversely, if there is no real patterning within the raw data, then no clusters 
will be generated. 

Feeding all our individuals' planning styles to this neural clustering routine, in 
the event, did produce four clusters of individuals with a high degree of confidence. It 
also produced a "cluster I 00", comprising several individuals who did not fit into any 
of the four main clusters. Also, because Strategizer always begins a session by asking 
the user a few questions about thernself, we also have some scant information about 
the sorts of people who inhabit each of the clusters. 

But how does this help shed light on the sorts of people who disfavour quick 
fix options? The clusters' respective correlation scores for ease and speed are shown 
in table 2. It is obvious that not much light has been shed at all. All four clusters seem 
to like quick fix options to some extent - there is no cluster that stands out as having a 
strong aversion to easy and fast plans. 
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This is because the cluster analysis had to take into account all ten criteria 
rather than just two of them - ease and speed. Differences between clusters, in terms 
of their attitudes to the criteria of ease and speed, therefore tended to be swamped by 
their attitudes to the other eight criteria as well. Hence although clustering leads to 
better engineered software, by actually identifying like-thinking community groups, it 
is of little value in answering the scientific research question of what sorts of people 
actually dislike quick fix options 

Table 2: Attitudes towards fast and easy options by cluster 

TOTAL CLUSTER CLUSTER CLUSTER CLUSTER 
SAMPLE ONE TWO THREE FOUR 

(No. ofpeople) (98) (22) (42) (16) (16) 
Female% 33 23 36 31 38 

Undergraduate % 17 23 12 19 25 
Correl. for speed .38 .15 .29 .16 .52 
Correl. for ease .43 .39 .32 .40 .26 

Nevertheless, the engineering quality of our DDSS is high. When our clusters 
are used as the "advisors" within Strategizer they usually recommend vastly different 
options. This is reality. Within any large community, different sorts of like-minded 
people are likely to recommend different plans. What Strategizer does is predict such 
intra-community differences of opinion. Thus the software is a valuable tool for 
planners. Yet it is a less adequate tool for scientific research. To research more 
incisively, one needs to analyse, more deeply, the data that Strategizer has gathered. 

3.4: Further analysis 
For example, we might run a second cluster analysis based only on individuals' 
column graphs for the speed and ease criteria. This will amalgamate people into 
clusters that are based solely on their attitudes to the speed and ease criteria. The 
results of doing so are shown in table 3. They confirm our suspicion that it is not 
necessarily sex or education level taken on its own that causes people to mistrust 
quick fix options. 

Table 3: Attitudes towards fast and easy options by specialised cluster 

TOTAL CLUSTER CLUSTER CLUSTER CLUSTER 
SAMPLE A B c D 

(No. of people) (98) (6) (46) (11) (24) 
Female% 33 33 33 0 54 
Undergraduate % 17 33 15 27 8 
Correl. for speed .38 .52 -.20 .83 -.25 
Correl. for ease .43 .43 .04 .48 -.16 
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Clusters A and C, which are small, tend to place high positive correlations on 
the speed and ease criteria. Not surprisingly, the first has a normal proportion of 
females and the second has none (all males), which is what we might expect for 
clusters favouring fast and easy options. However, both cluster A and C, which are 
against quick fix options, actually have less undergraduates than normal, which we 
would not expect. 

To see this, look at clusters B and D. Both have assigned negative correlations 
to the speed and ease criteria, particularly cluster D. But whereas cluster B has about a 
normal percentages of graduates and females, cluster D has many more females and 
far fewer undergraduates than normal (more postgraduates). 

In other words, it now seems that there is a cluster of people in our sample -
educated females, who abhor easy and fast options the most. Being female will not 
necessarily suggest that one is against the quick fix, but being female and more 
educated does - the negative slopes for speed and ease exhibited by cluster D are 
greater than those exhibited by any group we have seen so far. 

Nevertheless, this obsession to get clusters of like-thinking people and to then 
look at each one's planning style derives from an engineering mind set, which can be 
dangerous. If we are searching scientifically, there is no more justification for sorting 
people into clusters then there is to sort them by sex, education or anything else. 

Accordingly, based on what our cluster analyses have hinted to us so far, to 
"get to the bottom" of what ·sort of person tends to be strongly against quick fix 
options, it seems advisable to divide our sample in one last way. Specifically, we 
should look separately at the planning behaviour of undergraduate males, 
undergraduate females, graduate males and graduate females. The results from doing 
this are shown in table 4. 

We now seem to have resolved the issue. We already know from table l above 
that undergraduates are less likely to favour easy and fast options. But table 4 shows 
that the male undergraduates actually favour such options. Thus it is the females 
amongst the undergraduates who are the most vehemently against this sort of option. 
The female undergraduates form a group that is far more against quick fix solutions 
than any we have seen. They certainly give more negative correlations to speed and 
ease than do female graduates, and so our suggestion, above, that graduate 

Table 4: Attitudes towards fast and easy options by sex and education level 
combined 

TOTAL UNDERGRAD. UNDERGRAD. GRAD. GRAD. 
SAMPLE MALES FEMALES MALES FEMALES 

(No. of people) (98) (16) (2) (50) (30) 
Female% 33 0 100 0 100 
Undergraduate % 17 100 100 0 0 
Correl. for speed .38 .48 -.47 .55 -.24 
Correl. for ease .43 .49 -.29 .27 -.08 
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females that are most vehemently opposed to quick fix options, was premature. 
In other words our above conclusion, derived from an engineering-flavoured 

and cluster-oriented approach, was wrong. But we now seem to have the correct 
conclusion. Put simply, education seems to "masculise" one's attitude towards fast 
and easy options. If you are a female and you graduate you tend to begin favouring 
easy and fast options, just like the males have been doing from the beginning of their 
education. 

It therefore follows, that to get the widest possible range of community 
estimates of options' desirability levels, it is advisable for Strategizer to include 
"undergraduate females", and their extreme views, as one of its groups of advisors. 
This is an example of science facilitating improvement to an already well engineered 
DDSS. 

But alas, because there are only two undergraduate females in our total sample, 
we cannot here be definite about our "scientific" conclusions. We are forced to admit 
that it would be premature to use such conclusions in order to reshape Strategizer. 
Nevertheless, enough has been demonstrated to illustrate how science can be used to 
improve engineering- and vice versa. We just need a larger sample of users before we 
can make any confident changes to Strategizer. 

4 CONCLUSIONS 

Note a related and more general point. This is that whether or not Strategizer predicts 
community sub-groups' choices of planning option, across all planning problems, 
depends entirely on whether the planning styles we have found, within our sample of 
98 people, reflect the planning styles within most communities. 

But our sample is small, and it is biased towards young male students. 
Consequently, it is hardly a representation of the community at large. Nevertheless, in 
the sense that we have been able to identify distinct planning styles that remain fairly 
consistent across problem domain, the results are encouraging. 

Moreover, we have uncovered preliminary evidence that males and females 
plan differently. More exactly, the less educated or less confident females are most 
likely to distrust "quick fix" options. If this finding eventually proves to be valid, any 
community planner will ignore it at their peril. Moreover, they would do well to 
"watch this space" for more definitive conclusions in the future. 
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