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ABSTRACT

This paper illustrates how card sorting, a knowledge elicitation method taken from the ®elds of clinical psychology and knowledge

engineering, can be used successfully to elicit stakeholder categorisations from stakeholders in order to inform the design of agent-

based models. The paper also describes how such a method can be incorporated into a long-term model-building-as-learning

participatory process for the development of sustainable water management solutions.

Using this method, it was found that, of the recommended criteria cited in the literature for use in stakeholder categorisations,

function and policy networks were also used by stakeholders in the Swiss case study. However, criteria that are currently important to

modellers, i.e., scale and aggregation, were apparently not important components of the stakeholders' own mental models of the

system. Of the novel criteria that were elicited from the stakeholders, the criteria working relationships, groups who in¯uence, and

roles in speci®c goal implementation have been used to specify interaction diagrams for the design of agent-based models of

stakeholder interaction in the Swiss case study. It is recommended that the working relationships criteria is of general use in other

stakeholder analysis tasks.

Keywords: integrated natural resource management, integrated assessment, social learning, group model building, water resources
management, agent-based modeling.

1. INTRODUCTION

Scientists often divide domain entities into different categor-

ies to aid analysis of that domain. The bene®ts of a good

categorisation are twofold; it constrains the investigation,

and structures it. Usually scientists develop such categorisa-

tions from their perspective as observers of the domain and,

as such, these categorisations are embedded in some theore-

tical perspective on how a system functions. These we term

analytical categorisations. Amongst groups of stakeholders,

each stakeholder will have their own categorisations, i.e.,

categorisations that are meaningful to them and that they

actually use to interact with, and describe, the stakeholders

around them. These we term stakeholder-derived stake-

holder categorisations. There is inevitably a difference

between analytical stakeholder categorisations and stake-

holder-derived ones. Both perspectives are important to

capture when trying to analyse stakeholder networks, the

former to aid formal analysis and the latter to create a model

of the system that re¯ects the mental models [1] of the

stakeholders involved. However, ideally, the process of

model development should uncover and eliminate potential

discrepancies between the perspective of the analyst and the

reality as perceived by individual stakeholders.

This paper derives from work being carried out in a major

city in Switzerland, as part of an EU funded research

programme called FIRMA (Freshwater Integrated Resource

Management with Agents1). The goal of this project is to

carry out and compare case studies from across Europe that

develop solutions to water resource management problems

through the use of participatory processes and agent-based

modeling techniques (see [2, 3] for more information on

agent-based modeling). The modeling is `̀ agent-based''

since models will be used which explicitly represent the

behaviour of the city's stakeholders. The process is

`̀ participatory'' since the stakeholders will actively partici-

pate in a process of model and solution development.

As a preliminary stage in developing agent-based models

of the city's water management system,2 stakeholder

categorisations were needed. As Bakker et al. [4] writes,
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such categorisations are useful `̀ heuristics with which to

locate stakeholders'' (p. 14). More speci®cally, categorisa-

tions are needed in order to identify the structure of

groupings and interactions between stakeholders. For this

purpose, there exist a set of recommended categorisations

elicited from the literature [4]. However, since Bakker et al.

point out that these categorisations are domain speci®c, it

was decided that stakeholder categorisations should be

elicited for the Swiss case study, and that the source of these

categorisations should be the stakeholders themselves, i.e.,

stakeholder-derived categories would be sought.

This paper therefore describes the novel application of

an old technique, card sorting, for eliciting stakeholder

categorisations. To date, this method is not included in the

family of methods used in participatory or group model

building [5±7]. It has origins in methods used in experi-

mental psychology such as the `̀ grouping task'' [8] used to

elicit the underlying structure in which people store knowl-

edge in memory. It has proven utility as a knowledge elici-

tation method in the ®elds of knowledge engineering [9] and

requirements engineering [10]. This paper demonstrates how

this method can be properly used to elicit stakeholder

categorisations from stakeholders. The results of this elicita-

tion exercise are then used to identify which of the

recommended criteria can be used as stakeholder-derived

categorisations in the Swiss case study and which stakeholder-

derived criteria are unique to the case study stakeholders. The

stakeholder-derived criteria will be used to inform the design

of modelled stakeholder interaction networks.

Section 2 introduces the concepts of stakeholders and

stakeholder categorisations and provides an overview of the

recommended stakeholder categorisations. In addition it

provides an overview of the Swiss case study and the role of

card sorting in the context of the participatory process being

employed. Section 3 introduces the card sorting methodol-

ogy in principle and then in practice in this case study.

Section 4 describes the results of the elicitation process.

Section 5 discusses the results and explains the advantages,

disadvantages and adaptations of the card sorting method for

this case study and for long term participatory processes in

general. Section 6 draws conclusions from the results of the

study and proposes future work.

2. STAKEHOLDERS, NETWORKS,

CATEGORISATIONS AND THE SWISS CASE STUDY

2.1. Stakeholders and Their Networks
It is important to point out that a stakeholder should not be

confused with the general public at large. A stakeholder is

only de®ned in reference to a particular issue. Accordingly,

numerous de®nitions exist. The most appropriate de®nition

for this study derives from [11]: `̀ A stakeholder is an

individual or group in¯uenced by ± and with an ability to

signi®cantly impact (either directly or indirectly) ± the

topical area of interest.'' Weaker de®nitions are also used

elsewhere. Stakeholders, for example, may merely be those

who perceive themselves to be affected by an event or

activity, for example, a government policy change [12].

A key aspect of stakeholder analysis involves identifying

potential stakeholders and their interaction networks. Stake-

holder interaction networks are the formal and informal

connections that link individual stakeholders and stake-

holder groups. These structures determine the ¯ow of ideas,

plans and goals between stakeholders. Stakeholder networks

may be more or less organized. The more advanced the

discussion about an issue, the more stakeholders will already

be organized in formal and informal groups with established

patterns of communication. Generating categorisations of

stakeholders is being promoted as a necessary step in

analysing stakeholder and institutional networks [4]. Once

such networks have been analysed, they can be modelled.

2.2. Recommended Stakeholder Categorisations

Bakker et al. [4] carried out a review of stakeholder catego-

risations that were used and recommended for water re-

sources management. Every categorisation has two parts: a

criterion for dividing the stakeholders, and a list of cate-

gories into which they are grouped according to the criterion.

Six general criteria and associated categories were elicited

(see Table 1).

2.3. The Swiss Case Study

The city at the centre of this case study is one of the largest in

Switzerland and operates a supply-oriented water manage-

ment policy that is increasingly perceived as unsustainable.

The dominant policy over the 20th century has been

characterized as risk-averse `̀ worst-case planning'' [13] in

which past increasing demand patterns have been expected

to continue and supply capacity has been built to meet a level

of demand based on the `̀ upper side'' of possibility. This

policy worked well until the 1970s in that it met the legal

requirement for water supply security and, while demand

increased as expected, it also met the city norm for high

water quality. However, problems began when there were

two contradictory responses to a particularly dry summer in

1976 in which demand peaked close to the maximum level

of supply capacity. The ®rst response was that the water

utility increased supply capacity to avoid future problems.

The second response was that consumer demand fell in an

unprecedented fashion due to increased water saving

combined with a general decline in water-using industries.

The result was that supply capacity has increased to the point

that capacity is now approximately 2.5 times daily demand.

Such over-capacity increases the standing time of the water

in the supply network and therefore puts at risk the

sustainability of the hitherto high standards in water quality

that the city has enjoyed. Consequently there has been a call
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for a reduction in supply infrastructure and the development

of demand-side policies, rather than supply-side ones.

The development of suitable demand-side policies is

hampered by a number of factors. First of all, there is a

problem of perception about the water supply management

system and what needs to be done to improve it. For exam-

ple, whilst most stakeholders believe that water saving is a

good policy to promote, the water utilities are concerned

about the threat to water quality and to their pro®ts, given

the need to cover large ®xed costs incurred from earlier

investments in supply infrastructure. Additionally such

con¯icts are exacerbated by poor communication between

the different stakeholder groups and con¯icting institutional

norms, e.g., the long-standing norm of risk-averse supply

security versus the comparatively newer norm of public

utility ef®ciency. Finally, the city operates a form of direct

democracy which means that the residents can vote for or

against water utility proposals for change (e.g., price rises).

This means that the utility will not be able to improve

ef®ciency or reduce demand without developing strategies to

the public's liking.

The water utility and the city as a whole are therefore in

the position of having to investigate new ways of managing

the system that can resolve a range of con¯icting stakeholder

goals.

2.3.1. The Actors' Platform

The role of the Swiss case study team is to bring together the

city's water management stakeholders within a discussion

group, referred to here as an actors' platform, as part of a

long term participatory process lasting from Autumn 2000

through to Spring 2003. During the participatory process,

models are being developed which will lead to:

� the exploration of alternative demand management and

ef®ciency strategies;

� the investigation of likely trends in consumer demand;

� the identi®cation of institutional problems; and

� an increase in knowledge sharing, group learning and

communication amongst the stakeholders.

The stakeholders included in the actors' platform include

city representatives of the water utility, the wastewater

utility, a manufacturer of water using technologies, the

architects' association (SIA), the plumbers' association

(SSIV), the consumers association, the association for water

and gas utilities (SVGW), and the city council.

2.3.2. The Participatory Process

It is important to be aware that the card sorting occurs as a

part of a much larger integrated participatory integrated

assessment process (see Fig. 1). We are developing a model-

building-as-learning participatory process [14] that is

tailored for stakeholder participation over a period of years

[15]. In our integrative approach, methods from the ®elds of

knowledge engineering, operations research and systems

dynamics are used to involve stakeholders in knowledge

elicitation, model building, model validation and social

learning [16].

Once an initial meeting has be carried with the stake-

holders to make an initial problem assessment, there are two

Fig. 1. The Overview of the Process (boxes represent stakeholder activities;

arrow labels represent inputs/outputs of these activities).

Table 1. Recommended criteria (adapted from Bakker et al., 1999).

Criterion Explanation Categories

Scale Refers to the resolution of the stakeholder's sphere of in¯uence Global/national/regional/river basin/local

Tier Refers to whether the stakeholder has a role in planning or implementing

activities in the water management system

Strategic/operational

Function Refers to whether the stakeholder sets policy, sets regulations, or operates

services in the water management system

Policy/regulatory/operational_services

Aggregation Refers to whether the stakeholder represents an individual or a group of

individuals

Individual/collective

Thematic networks Groupings of stakeholders with respect to a speci®c task e.g., water suppliers/water sewage managers

Policy networks Groupings of `̀ likeminded people that cluster around agents of action . . . to

promote certain policies and edge out others''

e.g., anti-smoking lobby/construction

industry lobby
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modes of interaction between the researchers and the

stakeholders: individual interviews and group discussions.

Individual Interviews. In the ®rst mode, individual inter-

views are used to elicit stakeholders' mental models [1] of

the management system. To do this, two methods are

applied. Firstly, a version of the hexagon method [17],

derived from operations research, is used to elicit system

structure and causal relationship knowledge (e.g., knowl-

edge such as `̀ climate affects water demand''). The hexagon

method involves asking the stakeholder to write out on

separate hexagonal cards key system concepts that relate to

the problem de®ned in the kick-off meeting (in this case: the

impact of water saving and water supply ef®ciency measures

on the sustainability of the management system). The

stakeholder is then asked to group the hexagons into

semantically contiguous groups and provide these groups

with a category label. Figure 2 illustrates a completed

mentalmodel elicited from one of the stakeholders. The

dotted box overlayed onto the model highlights one such

cluster of hexagons (`̀ GebuÈhren Wasser'' ± water charges,

`̀ GebuÈhren Abwasser'' ± waste water charges, `̀ Art der

Abrechnung'' ± type of water bill) relating to the group

category `̀ Kosten,'' i.e., key concepts related to consumers'

water costs.

Once clusters have been formed, using a maximum of 15

hexagons, then the stakeholder is asked to draw links

(arrows) between hexagons or clusters which denote the

most important relationships (causal or otherwise) between

concepts. An example in Figure 2 is the link between

`̀ Privatisierung'' and `̀ GebuÈhren Wasser'' which suggests

that the stakeholder believes that privatisation of the water

utility will have an affect on water charges for the consumer.

Finally, the stakeholder provides a descriptive name for the

model, in this case `̀ Unser Weg zum Wassersparen'' ± our

way to water saving. In this way personal perspectives about

the concepts and inter-relationships of the system are

elicited. The hexagon method can be viewed as being

similar to grounded theory techniques [18] used for carrying

out qualitative systems analysis, except that rather than the

researcher doing the analysis, the subject (stakeholder) is

helped to provide their own.

Card sorting, the subject of this paper, is the second

method applied within the individual interviews and is used

to complement the knowledge from the hexagon method by

eliciting stakeholder-derived stakeholder categorizations

and interaction networks. The latter provides a stake-

holder-oriented mental model, e.g., knowledge that the

water utility has a contract with particular architects or that

the architects' behaviour is overseen by the Swiss Archi-

tects' Association who are responsible for setting institutions

and norms.

Group Discussions. In the second mode of interaction,

relevant stakeholders are brought together within the actors'

platform. This is where group learning takes place. A

variation of the nominal group technique [19] is used to

share knowledge amongst the actors, generate consensus on

underlying model structure and interaction networks (using

the mental models elicited in the individual interviews) and

identify important issues and problems. Further learning and

scenario testing is carried out in the actors' platform through

the development and use of different types of models. Each

type of model has a different function and they are presented

to stakeholders in the following order:

� Paper-based structure model ± this is a static model

depicting links between system goals, policies, measures

Fig. 2. A completed mental model as elicited from a stakeholder using the hexagon method.
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and possible outcomes together with responsible and

affected stakeholders. Its function is to represent to the

stakeholders a ®rst synthesis of the individual mental

models. With this type of model they can begin to explore

the diversity of the possible outcomes of policies and

validate the structure models.

� Role-playing agent-based model ± the structure models

and the actors' networks are used to develop an agent-

based model. This is represented to the stakeholders as a

role-playing game. Each of the main stakeholder roles are

represented in the game and when the stakeholders play

the game, they take on these roles and become embedded

within the model. In the game, there is a water utility

management role, a waste water utility management role,

a water technology manufacture role, a housing associa-

tion role (responsible for buying and installing water-

using household technologies, and therefore water

demand) and a politician role. Their activities (e.g.,

advertising; maintenance of water supply network, etc.;

technology production) are controlled by a set of city

institutions (i.e., strategies, norms and rules [20]).

The novelty of this game is that players can try to change

these institutions and take active part in a possible

management scenario. As in [21], the game is used at

this stage for model validation and stakeholder acclima-

tization purposes, i.e., to enhance future ownership and

legitimacy of computer models. Stakeholders are also

asked to take on roles that they do not normally have in the

real world so that they can learn each other's perspectives

of the system. The game is additionally used for a further

round of knowledge elicitation (e.g., to elicit how

institutions are altered and in what circumstances by the

stakeholders).

� Computerised agent-based model ± the ®ndings and

adaptations made to the game are then used to implement

a computer model of the system. Interaction with the

computerised version of the model allows the stakeholders

to more comprehensively explore and learn about the

implications of many different management scenarios.

� Internet agent-based model ± having acclimatized the

stakeholders to the computer model in the actors'

platform, the stakeholders are encouraged to use the

Internet as another forum for learning and exploring

management scenarios. The role playing game is repli-

cated for multi-player use on the internet. The Internet

version's function is to enable the participatory process to

function beyond the length of the project.

3. THE CARD SORTING EXPERIMENT

3.1. Overview
Card sorting is a `̀ contrived'' knowledge elicitation techni-

que [22] used to overcome the so-called `̀ knowledge

elicitation problem'' in that people are very poor at

`̀ conscious verbal reporting'' of compiled knowledge in

response to direct elicitation methods such as question-

naires and structured interviews [23]. The method has

roots in experimental cognitive psychology and is practiced

in the discipline of knowledge engineering. Its strengths

are in gathering information about domain classi®ca-

tions, concepts and the way they are structured that are

meaningful to the subject whose knowledge is being elicited

[24]. Although not directly developed from the psycholo-

gical theory of personal constructs (Kelly, cited by [25]), as

other contrived methods have been, the utility of card sorting

as a method appears also to be based on an assumption that

classi®cation concepts play a central role in human

cognition.

During card sorting the subject is given a set of cards,

each of which has a concept written on it. The subject is then

asked to sort the cards into meaningful groups. The subject

then says what the criterion was for the sorting, e.g., `̀ sphere

of in¯uence'' and identi®es the categories used to group

particular cards together, e.g., `̀ national,'' `̀ local.'' Usually

the experimenter does not intervene other than to clarify

what the subject means by category and criteria names and to

seek explanations as to the composition of groups. The sort

process is repeated until the subject is unable to do any more

sorts or until a particular time is reached. Card sorting has

the advantage of being quick and easy to use both for the

respondent and interviewer [24]. Experimental tests has

shown that card sorting, in comparison to other techniques

such as laddering, structured interviews and protocol

analysis, can be highly ef®cient (in terms of information

gain per minute) whilst providing the lowest percentage of

garbled and false information [9].

3.2. Method Implemented in This Experiment

In this study, a card sorting method was used which draws

heavily from the method described in [10]. The purpose was

to elicit stakeholder-derived stakeholder categorisations.

Fifteen cards were created on which each had the name of a

stakeholder in the city's water supply system. Table 2

presents a list of the cards and the stakeholder names as they

were written down.

Seven stakeholders from the Swiss case study volun-

teered to take part in the card sorting. Each of these were

interviewed separately.3 They were asked to make categor-

isations of the ®fteen stakeholders within the case study

using the card sorting methodology. Prior to the start of the

experiment, each stakeholder was primed to think about the

city's water supply system in terms of how consumers and

the water supply industry may react to changes in water

tariffs and to the development of water saving technologies.

Part of this priming was the construction of stakeholders'

3Although one of these seven requested that a colleague outside the actors'

platform be present to help him. They thus worked as a pair.
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mental models of the water supply system using the hexagon

method [17], the results of which will be reported elsewhere.

Each stakeholder was then given instructions to try and

divide the ®fteen cards up according to as many different

criteria as possible within 30 minutes.

At the start of the exercise each stakeholder was given the

following instructions: `̀ I would like you to sort the cards

(representing stakeholders) into groups, using one criterion

at a time. When you have ®nished sorting, please tell me

what the criterion was for that sort, and what categories you

sorted the cards into for this criterion. Once this has been

done, I would like you to sort the cards again using a

different criterion and keep sorting until you have run out of

criteria. Finally, I would like you to make clear any

assumptions you are making about the nature of the criteria

and categories you are using.''4

An example sort was provided to each stakeholder using

six cards naming residential areas of Switzerland. The

experimenter sorted the cards according to the criteria

`̀ size'' and `̀ residents' language.'' Each stakeholder was

told that cards could be left uncategorised if desired. At the

beginning of each sort the experimenter shuf¯ed the cards.

At the end of each sort, the experimenter recorded the

criterion and categories.

An audio record of the exercise was saved for later

transcription so that valuable information about stake-

holders' perceptions was not lost. This was helped by asking

the stakeholders to describe their thoughts as the card sorting

tasks were being carried out.

After the results of the elicitation were collated, two of

the criteria that were used by the largest number of

stakeholders were presented back to the whole stakeholder

group for peer validation.

3.3. Analysis Methodology

Formal methods are rare for analysing card sorting results

from multiple subjects. One problem for analysis is the

personal nature of classi®cation constructs [25] and thus, the

dif®culty of objectively identifying equivalent criteria and

categories. In the analysis used in this paper, a similar, but

not identical, method to the one carried out in [10] was used.

Since the words and phrases used by each stakeholder

differed, a `blind' judge A, a member of the academic

community, was chosen who had not taken part in the

exercises and who would use the written and audio records

of the exercises to collate the criteria and categories used

into semantically equivalent groups. A second blind judge

`B,' who had knowledge of the recommended categories,

was then asked to match the semantically equivalent criteria

and categories to the recommended ones.

Table 2. Stakeholder names as written on the cards used in the card sort, with accompanying translation and their identi®cation number of card used to refer

to them in later tables.

ID Stakeholder names as written on cards English translation

a SSIV

(Schweizerischer Spenglermeister- und Installateurverband)

The association for Swiss ®tters and plumbers

b SIA

(Schweizerischer Ingenieur- und Architektenverein)

The association for Swiss engineers and architects

c Installateur-Unternehmen Plumber

d Wasserversorgung Water supply utility

e Hersteller von SanitaÈr- und Wasserspartechnologie Manufacturer of plumbing and water saving

technologies

f Liegenschaftbesitzer Landlord

g SVGW

(Zusammenschluss von Gas- und Wasserversorgungen)

Association for gas and water utilities

h Politiker Politician

i Konsument Consumer

j IngenieurbuÈro

(unterstuÈtzen die Planung der Wasserversorgung)

Engineering of®ce (that support the water utility's

infrastructure planning)

k Wasserentsorgung

(verantwortlich fuÈr SiedlungsentwaÈsserung und Abwasserreinigung in der Stadt)

City wastewater treatment utility

l ArchitektbuÈro Architect of®ce

m Familienheimgenossenschaft Housing association

n Konsumentenverband Consumer association

o Gemeinderat der Stadt (muss Aenderungen des Wassertarifs genehmigen) City council (must approve changes in the water

tarif)

4The original instructions, in German, were: `̀ Ich gebe Ihnen Karten, auf

denen jeweils ein Akteur steht. Stellen Sie die Karten in Gruppen zusa-

mmen, indem sie fuÈr die Gruppierung ein Kriterium Ihrer Wahl benutzen.

Wenn Sie mit Gruppieren fertig sind, sagen Sie mir bitte nach welchem

Kriterium Sie die Akteure eingeteilt haben und welche Kategorien die

einzelnen Kartengruppen darstellen. Gruppieren Sie die Karten nun nach

einem neuen Kriterium und fahren Sie fort, bis Ihnen keine Kriterien mehr

einfallen. Nannen Sie mir nun saÈmtliche Annahmen, die Sie bezuÈglich der

Kriterien und der Kategorien, die Sie benutzt haben, getroffen haben.''
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4. RESULTS

Each session with a subject lasted on average approxima-

tely 20 minutes. The total number of sorts carried out by

the subjects was 23. Each sort produced a criterion. The

average number of criteria given by each stakeholder was

3.3; the minimum number was 2 and the maximum 5. The

average number of categories given for each criterion was

4.2 (min 2, max 7). Of the 97 categories obtained for the 23

sorts, only 4 were de®ned as `̀ not applicable.'' Of the 23

criteria, 10 were deemed by blind judge A to be semantically

different and of these, 4 were used by at least two

stakeholders. Table 3 shows the list of 10 criteria chosen

by judge A and matched to the recommended criteria by

judge B.

In Table 3, the column `̀ Criterion'' indicates the names of

the criteria judged by blind judge A to be semantically

distinct from the original 23 used in the sorts by the

stakeholders. `̀ Categories'' indicates the categories belong-

ing to the criterion. In the case of criteria used by only one

stakeholder, the bold letters in parentheses next to the

category represents the IDs of the stakeholder cards (see

Table 2) placed in that category. In the case of criteria used

by more than one stakeholder, membership of categories

were not identical, so stakeholder card IDs have not been

included in this part of the table. `̀ Sorts'' counts the number

of sorts out of 23 in which the criterion appeared.

`̀ Subjects'' indicates the number of different subjects that

used the criterion. The ®nal column indicates whether or not

blind judge B matched the criterion to one of the

recommended ones, and if so, which one.

Criteria used by more than one stakeholder included

function, the activity carried out by the stakeholder; type, the

nature of the organisation that the stakeholder represents;

working relationship, the nature of the interaction that a

stakeholder has with other stakeholders whilst carrying out

its function; representative groups to political bodies, the

interests that the stakeholders represent when lobbying

political bodies.

Criteria used by only one stakeholder included role in

speci®c goal implementation (water hygiene maintenance),

the function that the stakeholders have with respect to the

task of maintaining water hygiene; groups who in¯uence,

decisions made in the water supply system that the

stakeholder can in¯uence; members and associations, the

professional organisation that the stakeholder represents or

by which the stakeholder is represented; adding value,

whether or not the stakeholder adds value to the water

production process; communicates with consumers, whether

or not the stakeholder has direct communication with

consumers; cares for environment, whether or not the

stakeholder cares for the environment.

Of the four criteria used by more than one stake-

holder, type and working relationship were novel and thus

were not matched by blind judge B to any criteria in the

recommended list in Table 1. Function was naturally

Table 3. Results of the card sort.

Criterion Categories Sorts Subjects (out of 7) Matched to . . .

Function Service (implementation/planning/

water supply/water treatment)/

non-service (government/consumption)

7 4 Function

Working relationships Professional/contractual/information

provision/political/infrastructural

4 3

Type Private (water industry associations/

entrepreneurs)/public (water utilities/

politician)

3 3

Representative groups to

political bodies

Consumer bodies/water industry associations/

water industry/building trade

2 2 Policy network

Role in speci®c goal

implementation (water

hygiene maintenance)

Norm generation (l,n,j)/implementation (a,e,c)/

monitoring (h,g,k,d)

1 1 Tier

Groups who in¯uence Consumption (i,n,e)/technology (c,j,m,l)/

knowledge (a,b,g)/water charges (h,o,k,d)

1 1 Thematic network

Members and their associations Architects(b,j,l)/water utility(d,g)/plumbers

(a,c,e)/ authorities(h,o,k)

1 1 Aggregation/policy network

Adding value to process Yes(l,d,k,c,e,j)/no(the rest) 1 1

Communicates with consumer Yes(the rest)/no(a,g,b,j) 1 1

Cares for environment Yes (d,k,i,n)/maybe (o)/no(the rest) 1 1

Total 23

Note. Note in this case that although four sorts used a criterion judged to be semantically equivalent to `̀ working relationships'' the choice
of categories was not always equivalent in these sorts. The one represented in this table was the most detailed in terms of describing
the nature of the working relationship and is thus described in this paper. Other categories used for this criterion included `̀ primary''
and `̀ secondary,'' expressing the sense that some actors are involved in more important working relationships than others.
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found in the recommended list and representative groups

to political bodies was thought to represent a policy

network.

Of the remaining criteria elicited from the stakeholders,

role in speci®c goal implementation was judged to be a tier

categorisation. This was because the categories norm

generation/implementation, consumption and monitoring

®tted the strategic/operational division speci®ed in the tier

criterion. The criterion groups who in¯uence was deemed a

thematic network and members and associations was

interpreted as both a policy network (the professional

organisations determine policy for their members) and an

aggregation categorisation (an organisation is composed of

its members). The remaining criteria used by only one

stakeholder were judged novel.

4.1. Group Stakeholder Validation of the
Categorisations

In order to test the ability of the card sorting method to

elicit accurate categorisations that were accepted by

majority of the stakeholders, two of the most frequently

elicited ones in the study were presented back to the

whole group of stakeholders in the actors' platform. The

group was asked to discuss the accuracy of the categories

within the criteria and the membership of those categories.

As Table 4 illustrates, only a minor change was wanted

for the type criterion, namely an addition of a new stake-

holder.

For the second criterion, function, it was identi®ed that

the category `̀ planning'' was ambiguous as to whether it

meant planning of the water system in households or the

planning done within the water utility. The planning

category was thus subdivided. However, more interesting,

with respect to understanding the limits of the method

itself, was the stakeholders' desire to place stakeholders

in two categories within the same criterion (e.g., the SVGW

in implementation and household planning). Obviously,

some stakeholders will have multiple functions.

5. DISCUSSION

5.1. Results
All but one of the recommended criteria was used by at least

one of the stakeholders to describe their stakeholder

community. It is however worth considering that important

modeling and analysis concepts such as aggregation and

scale were rarely used by the stakeholders, if at all. The use

of aggregation by only one stakeholder was a surprise since

the stakeholder cards deliberately included pairs of stake-

holders at different levels of aggregation (e.g., consumer/

consumer forum; architect's of®ce/Swiss association for

architects). Again, stakeholder cards included stakeholders

at many different scales, from national to sub-city level.

However, it was not a criterion that appeared to be included

in the stakeholders' mental models of the problem domain.

Whilst noting that different categories of stakeholders might

have generated criteria that matched the recommended

categorisations, these ®ndings con®rm the fact that, for the

purposes of accurately modeling stakeholder interaction

networks, there can be a difference between analytical

categorisations and stakeholder-derived ones.

Of the novel stakeholder-derived criteria, working

relationship appears to be a very useful and generic criterion

for describing interactions between stakeholders. The

stakeholders not only have functions, working themes and

policies to pursue, they also have different modes of

interaction with respect to different stakeholders. This

categorisation highlights this point. The wastewater treat-

ment utility, for example, described having contractual

responsibilities with architects,' plumbers,' and engineers'

bureaus, professional obligations with the SSIV, SVGW, and

SIA, political discussions with the city council, information

provision responsibilities with respect to consumers and

landlords, and infrastructural co-decision-making responsi-

bilities with the water utility. Each of these interactions

requires a different pattern of interaction activities. Con-

tractual responsibilities, for example, require communica-

tion, negotiation, agreement, implementation and service

Table 4. The criteria shown to the stakeholders in the actors' platform and the changes the stakeholders required.

Criterion Category Stakeholders Changes

Type Authorities City council, wastewater utility, water utility None

Professional associations SSIV, SIA, SVGW, consumers' forum a) New stakeholder (VSA)

Entrepreneurs Manufacturer, plumber, engineer, architect None

Function Consumption Housing association, etc. None

Service provider Wastewater utility, water utility, SVGW None

Implementation SSIV, manufacturer, plumber a) New stakeholder: builder

b) Add SVGW

Planning Engineer, architect, SIA Divide planning into two ± in house

water planning (engineer, architect,

SIA, SSIV, SVGW) supply system

planning (engineer, architect, water utility)
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monitoring activities. Professional obligations require norm

setting, norm acceptance/rejection and punishment activ-

ities.

5.2. How the Results are Used

As mentioned, one goal of this project is to develop, with

the stakeholders, an agent-based model which helps

stakeholders to understand the relationship between man-

agement strategies and water consumption behaviour in the

city. The model itself comprises of a management and

negotiation module, a water demand module and a water-

supply infrastructure module. The management and negotia-

tion module models the individual decision making of

stakeholders in response to system change and how they

interact with each other to enforce or to change the system

institutions (e.g., how to enforce water supply hygiene). The

water demand module models the response of consumers to

demand management policies formulated in the manage-

ment and negotiation module. The water supply infrastruc-

ture module likewise responds to supply management

policies.

Stakeholder-derived stakeholder categorisations were

sought in order to design a model of stakeholder interaction

(represented by interaction diagrams) that corresponded to

stakeholders' perceptions of reality. These categorisations

are particularly used to inform design of the management

and negotiation module. Frequency of usage is not, alone, a

reason for selecting criteria to inform design: relevance to

the modeling task and the added value of the concept are

more important. For example, though frequent, the `̀ type''

criterion does not add much information that cannot be

deduced simply from the descriptions of stakeholders. On

the other hand, whilst the `̀ cares for the environment''

criterion is novel, it will not be something that will be ope-

rationalised in the model. However, working relationships,

groups who in¯uence, roles in speci®c goal implementation

(water hygiene maintenance), and commmunicates with

consumers are all deemed to be useful criteria for the

modeling task. These instantiated criteria can then be

combined to generate outline interaction diagrams for the

stakeholder interactions in the model. Figure 3, for example,

illustrates an interaction diagram for the task of maintaining

water hygiene, based on the knowledge elicited from the

current study.

Figure 3 speci®es how, ®rst of all, the SIA sets the

norms for water hygiene maintenance for the water utility

to follow. When a hygiene action plan is needed, the

wastewater utility provides support in the planning. The

water utility then contracts the work to the plumbers whose

work is then checked for quality. When the plumbers report

back on the state of the work, the water utility then

communicates the news to both the wastewater utility and

the consumers.

Fig. 3. Interaction diagram for the maintenance of the hygiene of the water supply based upon the criteria role in speci®c goal implementation (water hygiene

maintenance), communicates with consumer and working relationships. Standard UML notation from Harmon and Watson, 1998.
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5.3. Advantages and Disadvantages of the Card Sorting
Method Experienced in This Study

The card sorting method was very easy to set up for the

interviewer. It was also easy to adjoin it to a mental model-

ling session using the hexagon method without apparently

distressing the stakeholders. The method also appeared easy

to comprehend for the stakeholders, if not always easy for

them to come up with new criteria. Normally the latter

required some facilitation from the interviewer to help the

stakeholder generate clear criteria (hence the stipulation that

interviewers did not talk during the card sorting was

relaxed). An example of this, typically, was when a stake-

holder had dif®culty dividing cards into clear categories. In

this case, it was suggested to them that they split the criterion

into two or more speci®c criteria.

This facilitation role can be played by the presence of a

second stakeholder in the interview. Interviewing stake-

holders in pairs, as described in [10], appears to have had

bene®ts in this case study too, although only in terms of

helping one of our stakeholders (see Section 3.2) overcome

his worries and nerves about not being able to provide any

information. Whilst working in a pair, the stakeholder and

colleague gave each other con®dence whilst at the same time

asking each other to justify their beliefs. In the end, the pair

managed to generate approximately the mean number of

criteria for the study.

As the stakeholders' criticisms of the resulting criteria

show (see Section 4.1), results are not always perfect with

this method. Whilst the absence of particular stakeholders

within the ®nal analysis re¯ects more on preparation rather

than the method, the method itself certainly has dif®culty

eliciting information about stakeholders belonging to more

than one category. For example, it was not able to elicit that

within one criterion, function, the SVGW could have two

functions (implementation and planning). As reported in

[24], such subtleties are dif®cult to catch with this method,

without allowing subjects to place a card within more than

one category. Whatever the solution to this problem, it

con®rms the need for post-interview stakeholder validation

of categorisations. This was something not carried out by

Maiden and Hare [10] and marks a difference between

methodologies required for one-off interviewing and for

long term stakeholder relationships.

A ®nal problem is the dif®culty to objectively ®nd

semantically equivalent criteria when stakeholders are from

different professional backgrounds and when they do not use

the same words and phrases for describing concepts. Clear

instructions to judges and the audio-taping of interviews are

essential to allow the blind judges to determine the seman-

tics and pragmatics lurking behind the criteria names.

Making these instructions explicit also helps others to

interpret the results of the card sorting process (for example,

see Appendix A for the instructions given to blind judge A).

More research is needed to investigate better analysis

methods for multiple subject knowledge elicitation using

card sorting.

6. OTHER APPROACHES TO STAKEHOLDER

CATEGORISATION AND NETWORK ANALYSIS

This paper has demonstrated how card sorting can be used to

elicit stakeholders categorisations from stakeholders that can

be used to understand stakeholder interaction networks.

Other methods have been used to elicit knowledge about

categorisations and stakeholder networks, and this section

will provide an overview of such methods.

In their summary of stakeholder analysis methods,

Babiuch and Farhar [12] do not mention the elicitation of

stakeholder networks as a key task to be undertaken. Never-

theless they do recommend the use of particular stakeholder

categorisations to help analysts understand and identify

stakeholder groups (a prelude to identifying networks). The

criteria suggested are `̀ geopolitical domain of interest'' (a

type of `̀ scale'' criterion ± see Section 2.2) and `̀ function.''

The source of these categorisations apparently derives from

their analysis of the domain rather than from the stake-

holders and they are, as such, analytical categorisations.

Stakeholder categorisations and their network structures are

similarly derived in the EUROWATER study [26], the source

that provided the bulk of recommended criteria suggested by

Bakker et al. [4].

Between the two extremes of eliciting stakeholder inter-

actions through system analysis (as used by the researchers

described in the previous paragraph) or from the stake-

holders (as proposed in this paper), Tillman et al. [27]

demonstrate the utility of a mixed methodology. Here, the

analyst generates a description of possible stakeholder

interactions (in the form of a rule book) and then presents

the interactions for veri®cation by the stakeholders. If any

interactions fail veri®cation by the stakeholders, then the

rule book is amended according to the stakeholders'

consensual opinion and the rule book is re-veri®ed. After

several iterations, an agreed set of interactions can be

speci®ed in the form of an interaction matrix. Tillman et al.'s

method ought only to be used, however, by analysts who are

domain experts. This is because it differs from the card

sorting method in that in the latter, the stakeholders are

unconstrained as to the interactions they can possibly

describe, whereas in the Tillman method, the stakeholders

are limited to discussing interactions that the analyst has

already identi®ed. The onus is thus on the analyst to have a

suf®ciently broad understanding of the domain.

With respect to identifying stakeholder networks and

interactions in general, other methods are cited in the

literature. Colfer and Wadley [28] report testing various

different methods designed to monitor the type and degree of

stakeholder interaction in forestry management in West

Kalimantan. The methods they compared were the iterative
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continuum method, communication network analysis, struc-

tured interviews and what they referred to as card sorting.

The iterative continuum method involved the researchers

making their own daily subjective assessments of the

position of stakeholders along a degree of participation

continuum that ranged from signi®cant to insigni®cant. At

the end of the survey period, researchers were asked to

indicate the direction of travel of the different stakeholders

along this continuum and the possible causes for the

positions and trajectory of stakeholders. In the communica-

tion network analysis, researchers provided a questionnaire

to stakeholders asking who they talked to about various

issues and who they knew. The structured interviews also

asked similar questions about interactions directly. The so-

called card sorting method was in fact a structured interview

method supported by the use of cards to remind stakeholders

which stakeholders they should talk about in their answers.

Each card representing a stakeholder had simply to be

assigned a different rank according to their importance. The

interviewees were not given freedom to group cards

according to their own categorisations and thus the method

is not a card sorting method as de®ned in this paper.

Colfer and Wadley report that the structured interview

and communication network analysis methods failed due to

the dif®culty in phrasing appropriate and comprehensible

questions. The two remaining methods proved useable and

bene®cial. Interpreted in terms of the knowledge elicitation

problem the reason for their comparative success is apparent.

They avoided posing direct questions or, when they did so,

they provided mental props (e.g., cards).

7. CONCLUSIONS

This paper illustrates how card sorting, a knowledge elicita-

tion method taken from the ®elds of clinical psychology

and knowledge engineering, can be used successfully, with

modi®cations, to elicit stakeholder-derived stakeholder cate-

gorisations from stakeholders within a long-term participa-

tory process. The paper also describes how such a method

can be incorporated into a long-term model-building-as-

learning participatory process for the development of

sustainable water management solutions.

Using this method, it was found that, of the recommended

criteria for stakeholder categorisations cited by Bakker et al.

[4], function and policy networks were the main ones that

were also stakeholder-derived in the Swiss case study.

Additionally, criteria that are normally of importance to

modeling, i.e., scale and aggregation, were apparently not

important components of the stakeholders' mental models of

the system. Of the novel criteria that were elicited from the

stakeholders, the criteria working relationships, groups who

in¯uence, and roles in speci®c goal implementation, among

others, have been used to specify interaction diagrams for

agent-based models of stakeholder interaction in the Swiss

case study. It is recommended that the working relationships

criteria is of general use in other stakeholder network

analysis tasks.

The process of understanding stakeholder categorisations

and interaction networks in the water management system

will continue. Future research areas will include further

investigations to ®nd out why the criteria of scale were

absent in the mental models of the stakeholders and whether

it is valid to assume that scale is of no importance to them.

Also, the card sorting method will be used to investigate

stakeholder interaction networks that go beyond current

understanding in the management system, e.g., for tasks

that have not been implemented yet, such as stakeholder

cooperation under a decentralised water management

regimen.
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APPENDIX A

Instructions for judge A.

`̀ Please try and ®nd semantically matching criteria and

choose names for them. Within these new criteria select the

simplest, most expressive set of common categories.''

For two criteria to match, they have to meet all the following

stipulations:

1) the criteria names must have the same basic meaning,

e.g., `̀ function''� `̀ function groups''� `̀ activities.''

Where available, the protocols should be checked to

make sure the criterion name written on the sheet is the

correct one.

2) the categories used must be able to be mapped in some

way (though not necessarily exhaustively) both in terms

of meaning and similar actors grouped.

3) if there exists a criterion that is a category within another

criterion, then the former is marked as subordinate to the

latter.

An example:

According to the instructions above, `̀ baldness'' and

`̀ amount of hair'' would be semantically equivalent since:

1) the criteria names have the same sort of meaning and

2) the categories `̀ lots'' and `̀ not much'' can be combined

to create most of the `̀ baldness'' category `̀ no,'' so that

roughly the same categorisations are achieved (ignoring

the `̀ don't know'' category in `̀ amount of hair'').

Note that `̀ black hair'' and `̀ baldness'' would not be

semantically equivalent, even though they have the same

categories and the same members in each category, since

the criteria names do not share the same meaning. Note

that `̀ lots'' would be marked as subordinate to the new

combined criterion `̀ baldness/hair amount'' since it can

be used to describe the hair of those who have lots of

hair (whose combined members are more or less the

same).

The ®nal interpreted set of criteria would be:

Note that the more expressive categories of amount of

hair have been chosen for the new criterion and `̀ not

applicable'' has been left. `̀ Please make a note of all such

decisions and assumptions made whilst creating new

criteria.''

Criterion Cat1 Cat2 Cat3 Cat4

Black hair Yes (Jon, Bob) No (Mark,

Tom, Peter,

Cindy)

Baldness Yes (Jon, Bob) No (Mark,

Tom, Peter,

Cindy)

Amount

of hair

Lots (Mark,

Cindy)

Not much

(Tom)

None

(Jon, Bob)

Don't know

(Peter)

Lots Shoulder-

length (Mark)

Waist-length

(Cindy)

Not applicable

(the rest)

Criterion Cat1 Cat2 Cat3 Cat4

Black hair Yes No

Baldness/amount

of hair

Lots Not much None

Lots (subord. to

baldness)

Shoulder-length

(Mark)

Waist-length

(Cindy)
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