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Sound decisions in environmental policy and management usually require the 
examination of alternative solutions, and may require the consideration of alterna
tive problem fornlulations prior to option assessment. Constructing and considering 
the consequences of alternative problems (variables and relations) and policy options 
(norms and standards) is fundamental for processes of policy fornlulation (Vickers, 
1965). 

Formal computer-based decision and infornlation support tools (DISTs) can 
provide a nleans of structuring and exploring problems, and of generating qualitative 
and quantitative infornution for analysing and characterising decision spaces. In par
ticular, tools such as integrated assessment models (lAM) (e.g. Parker et aI., 2002), 
decision support systems (DSS) (e.g. Giupponi, 2007) and GIS (e.g. Van Lynden 
and Mantel, 2001; Malczewski, 2006) have been identified as suited to providing 
support to complex decision processes through fulfilling a number of roles (Van 
Daalen et aI., 2002). However there are recognised gaps between the claims nude 
about the usefulness of such tools and their demonstrated utility in environmental 
policy and nunagenlent (Reeve and Petch, 1999; McCown, 2002; McIntosh et aI., 
2005). The key question of this chapter is why, and what, if anything, can be done 
in terms of improving tool design for greater usefulness and usability? 

With this chapter we shall progress towards answering these questions as a nleans 
of infornling and improving tool development practice. We shall first of all present 
a brief review of DIST technology as used for environmental policy and manage
nlent, then identity different categories of users and use for DISTs. Supporting 
organisational decision nuking and participatory (or collaborative) decision nuking 
will be discussed in detail. We will then turn our attention to better understanding 
the nature and extent of the gap between design and use before presenting and 
discussing a set of good practice guidelines for user involvement in tool design as 
means of bridging the gap. 



Bridging the Gaps Between Design and Use 35 

3.2 • DECISION AND INFORMATION SUPPORT TOOL REVIEW 

Decision and inforlllation support tools (DISTs) represent a broad and diverse 
category of con1puter-science based instru1l1ents. In this section we will present 
a mini-~'eview of recent exa1l1ples of DISTs applied to environmental policy and 
managenlent. 

We ,vill start with decision support syste1l1s (DSS). DSSs can support the or
ganisation and analysis of information in such a way that policy 111akers are able 
to compare different strategies, and to integrate their own priorities and value 
judgments in the decision making process transparently (Mysiak et a1., 2005). The 
computational ability of DSS to solve well-posed problems (e.g. identify optimal 
multivariate tradeoffs) is undoubted, but their ability to support problem formula
tion has received some critique (Courtney, 2003). 

Environmental and natural resource manage1l1ent problems are often complex, 
uncertain and value-laden and as a consequence systems approaches which inte
grate issues, stakes, disciplines and scales are indispensable. To fulfil these needs 
the approach of Integrated Assessment (IA) (Gough et a1., 1998) has emerged to 
integrate 'knowledge from different disciplines with the goal to contribute to un
derstanding and solving complex societal problems that arise from the interaction 
between humans and the environment'. Within this approach Integrated Assessment 
Modelling (lAM) (Parker et a1., 2002) has been developed to integrate analysis of 
socio-ecosystems. 

Two main categories of modelling approaches used in DISTs can be distin
guished within lAM - predictive and goal-oriented modelling. Predictive models 
are suitable for developing a n1echanistic understanding of biophysical processes 
in environmental systems, and their human and non-human drivers (Parker et 
aL 2002). Goal-oriented approaches can be divided into two types: (i) optimi
sations which aim to find an optimal allocation of resources to satisfy a given 
(set of) objective(s) under certain constraints (e.g. Marshall and Homans, 2006; 
Crossman and Bryan, 2006; Strange et a1., 2006); and (ii) exploratory 1110dels which 
generate multiple futures to explore the consequences of a range of resource-use 
combinations and lllanagement practices (e.g. Matthews et a1., 2005). 

Social dynamics are increasingly incorporated directly into DISTs. Agent-based 
modelling (ABM) is an approach prin1arily used to simulate the dynamics and be
haviour of individuals or groups of animals or humans. An agent represents an object 
in an environ1l1ent that senses and comlllunicates with other agents and the environ
ment. On the basis of a predefined set of rules it reacts to changes, has its own goals 
and uses the environment to achieve these goals (Topping et a1., 2003), thus pro
viding a potential link between biophysical and social processes (e.g. Berger, 2001; 
Parker et a1., 2003). Whether ABMs and other C01l1puter 1110dels of social process 
can adequately represent and be used to explore the behaviours ofhull1allS is a point 
of debate. 

Beyond using computer models to explore human behaviour, DISTs are being 
used to directly influence action in the world through challenging and changing 
beliefs. The concept of using n10dels and other DISTs as devices to provoke and 
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promote dialogue, debate and deliberation between stakeholders has emerged as a 
way of directly influencing behaviour instead of forecasting (Guimares Pereira et aI., 
2003). This mode of use is directly linked to the participatory governance agenda 
and will be discussed in detail later. 

The scope of DIST use is clearly broad and of potential relevance to a wide 
range of users. Potential users ofDISTs can be categorised into governmental (e.g. 
local, regional or national), private enterprise (e.g. manufacturing, service or utility 
companies), Non-Governnlental Organisations or NGOs (e.g. conservation chari
ties) and research (e.g. Universities or Governnlent research agencies). 

In addition to these users, three broad categories of use for DISTs can be 
distinguished including scientific research, organisational decision making and par
ticipatory and collaborative decision making. It should be noted that by scientific 
research we mean research concerned with the generation of generalised, objective 
knowledge, whereas policy or management research (as we view it) is concerned 
with the generation of context specific, action-oriented knowledge. The differences 
we allude to are similar to the differences between Mode I (traditional) and Mode 
II (policy relevant) research (Gibbons et aI., 1994), and also the difference between 
normal and post-normal science (Funtowicz and Ravetz, 1993). 

Different types ofDIST suit each use, and each use presents particular challenges 
to tool developers (see for exanlple the contrast between research and policy uses 
for models presented by Oxley et aI., 2004). We will explore these challenges in 
the following sections, focusing particularly on characterising challenges associated 
with developing tools to support Governmental, Private Enterprise and NGO users 
with regards organisational and participatory decision making. We will not discuss 
DISTs for scientific research. 

3.3. SUPPORTING ORGANISATIONAL DECISION MAKING 

Supporting organisational decision making involves designing tools to provide 
relevant information in a manner which suits, and ideally improves the way in 
which the employees of that organisation work together to achieve collective action 
(Checkland and Holwell, 1999). Two nlain uses for DISTs can be distinguished 
with respect to support of organisational decision making: 

(1) The support of decision making aims within an organisation. In this case the 
DIST provides information which can directly guide decision solutions. There 
will be different demands placed on the DIST depending on whether strategic, 
management or operational processes are to be supported (McIntosh et aI., 
2005). 

(2) The DIST that provides a decision platform for agreements in external pol
icy negotiated between organisations. In this case the impact of DIST analyses 
may be less direct or identifiable (Ho and Sculli, 1995), although DIST can be 
used in structured processes to facilitate negotiation between different parties 
(Castelletti and Soncini-Sessa, 2006). There are similarities here with participa
tory decision making which will be covered in the next section. 
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One of our concerns is that DISTs are often not designed to support what 

people in (environmental management and policy) organisations actually do within 
their current practice (i.e. the purpose and structure of organisational action in 
terms of tasks or activities - see Checkland and Holwell, 1999). Rather, DISTs 

embody an implicit argument for change in action as perceived by the (often acad
emic) DIST development team, because the functionality built into a DIST requires 
certain behaviours from users (Akrich, 1992). It should therefore not be surprising 
that in such cases the tools available are not used - they cannot be (or at least not 

\vithout the necessary organisational change). 
To help avoid agenda conflicts or confusion between two different objectives 

(supporting and changing organisational action) we think environmental DIST de
velopers would benefit from clearly stating their objectives for each tool as: 

(1) to be used by the people designing the tool as a research or consultancy service; 

(2) to be used by people in an external, specified end-user organisation to support: 
(a) existing forms of organisational action through providing currently used 

information in a more efficient way; 

(b) existing forms of action through providing new information in such a way 
that it is hoped the effectiveness of organisational action will be improved; 

or 
(c) an alternative form of organisational action through providing new infor

mation in new ways; or 
(3) not to be used routinely at all but to demonstrate some methodological or 

technological advance, which may be of future benefit. 

The design objectives of a tool partly determine the way in which the tool 
should be developed. Design objectives (1) and (3) above require little considera
tion of how people other than the tool designers work. Under such circumstances 
there are no strong pressures to use one design or development method over an
other, except that it must suit the design team. This is not the case with design 

objective (2). Here it is crucial to understand the system that is to be supported 
(people collectively acting in an organisational setting with particular performance 
measures) before the system that supports (the DIST) can be designed (Checkland 
and Holwell, 1999). Specific organisational structures like hierarchies and the de
gree of cross-organisational use ofDIST (e.g. across departn1ents) can place different 
requirements on design that need to be taken into account (Vetschera, 1997). De
sign under these circumstances must be demand-pull in orientation (Reeve and 
Petch, 1999) and may have to use 'socio-technical' methods during the devel

opment process to characterise and better reflect organisational information and 
infornution processing needs in tool design. Therefore, at least the interface with 
the end-users, if not the entire model development itself, should try to conform to 
the preferred communication systems of targeted end-users. 
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3.4. SUPPORTING PARTICIPATORY AND COLLABORATIVE 
DECISION MAKING 

Participatory modelling draws on the theory of post-normal science, which 
suggests that in problenls characteristic of highly complex systems, when facts are 
uncertain, values in dispute, stakes high and decisions urgent, there is no one cor
rect, value neutral solution (Funtowicz and Ravetz, 1993). When we cannot say 
exactly what the outcome of the decision will be, it makes perfect sense to involve 
those people inlpacted by the decision in the decision-making process. This is a 
way of improving the decisions by tapping into the specific local knowledge, and 
sharing the responsibility for decision making. 

It should be noted that participatory modelling (with different clones also 
known as 'mediated nlodelling' or 'shared vision modelling') is not about the lllodel, 
but about the decision making. Using the knowledge, concerns and demands of the 
stakeholders (people who influence a decision, or can influence it, as well as those 
affected by it - Henlnlati, 2002) in the participatory tool development process may 
result in better tools to support decision making and a broader and more balanced 
view of the issues involved Gakeman et aI., 2006). The modelling process itself 
becomes the decision-making tool. At the same time the process of participatory 
model development enables stakeholders to learn about variables and interactions 
of "their own" systems and "their own" decisions (Pahl-Wostl, 2006). 

Ideally the participatory modelling process should start with a blank page, when 
scientists interact with stakeholders to define the goals of the model and then choose 
the nlost appropriate existing models or modules for their further improvement and 
application. Stakeholder participants can engage in the decision-making process in 
the form of model selection and development, data collection and integration, sce
nario development, interpretation of results, and development of policy alternatives. 

Besides the basic knowledge exchange for the model construction a learning 
process is initiated by collaborative working which leads to the construction of 
shared problem perceptions and the conlmunication of different views. This can be 
facilitated and supported for example by applying system science (Pidd, 2003) to 
describe and better understand: 

• the key players and processes in the system; 
• the interdependencies and interactions of different components within the sys

tem; 
• external factors and driving forces influencing the system and thus; 
• the system behaviour as a whole. 

It should be noted that organising and nlaintaining a participatory process is re
source intensive with regards tinle and money. This has to be taken into account 
seriously while designing the participatory approach. Potential stakeholders (as well 
as the scientist organising the participatory process) are often restricted by time 
constraints and/or insufficient funding. Careful attention has to be paid to planning 
com~mon actions wisely (e.g. workshops, round-table meetings, and role game ses
sions) and to ensuring that the costs of stakeholders to participate in these actions 
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are covered. Such preparatory work increases the willingness (besides other factors) 
of the stakeholders to attend the process and lmvers the danger of stakeholder burn 
out (e.g. as a result of too many nleetings). Moreover, the form of participation 
(acti\~e in Inodel or tool discussion/development or passive "listening") is decisive 
t'Or the outconles and impact of the stakeholder process. 

3.5. THE NATURE AND EXTENT OF THE GAP 

So there is little doubt that cOlnputer-based DISTs have the potential to play 
critical roles in supporting enviromnental managenlent and policy decisions, either 
in organisational or participatory contexts. The ability to realise this potential is 
dependent on whether we, as a community of technologists (largely but not exclu
sively), successfully confront the perceived and actual gap between design and use. 
T\\"o broad questions we must address: 

• What is the extent and character of the gap? 
• To \vhat degree, and how, can the gap be bridged? 

If either a developer or an end-user \vas asked \vhether there was a gap bet\veen 
design and policy integration of a nl0delling tool, it is likely that the ans\ver would 
be affirmative, however qualified. Unfortunately however there is little quantitative 
e\"idence to characterise the nature or extent of any gap. 

Reeve and Petch (1999) provide a short, focused review of evidence on the ben
efits of GIS technology to users such as UK local government authorities. They also 
review other studies into GIS business benefits (e.g. Calnpbell and Masser, 1995) 
and find a broadly uncertain picture with high costs and difficult-to-deternline 
benefits. 

Jeffrey and Seaton (1995) report survey results from operations research (OR) 
practitioners from different application sectors on the use of various OR techniques 
like sinlulation and optimisation. The survey reveals a complex picture. Different 
OR techniques were used or not used in different sectors for different reasons. 
Noted among the advantages of using OR techniques were a broader understanding 
of complex problems, and a structured approach to problem solving. Disadvantages 
listed included erroneous interpretation of results, and a lack of attention to soft or 
behavioural issues. 

Sojda (2007) argues that empirical evaluation of a DSS is an essential elenlent 
of development and distinguishes two elements - internal consistency (verification) 
and usefulness to the intended user (validation). The question of evaluating use
fulness is addressed from the perspective of determining whether the DSS fulfilled 
its design purpose. This is a pity as it avoids asking the more difficult and crucial 
question of' does the design and implementation of the DSS provide benefits to the 
intended user?' 

There are of course success as well as problem stories. With regards to GIS for 
example, Balram and Dragicevic (2005) show, in a study of urban green spaces 
in Montreal, Canada, that integrating questionnaire surveys and collaborative GIS 
techniques improved attitude measurenlents. Castelletti and Soncini-Sessa (2006) 
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report the use of a multiobjective DSS within a participatory planning process to 
successfully identify and select a set of planning options for the Lake Maggiore water 
system. However they also note that implementation of the selected option set has 
been delayed by a call for further studies by one Governmental stakeholder. Gaddis 
et al. (2007) describe a successful participatory modelling exercise at the scale oflo
cal government. While the study has led to consensus between various stakeholders, 
again it is not clear to what extent the results actually got translated into decisions 
made. Within the US Army Corps of Engineers there is a strong push towards 
collaborative decision making, called Shared Vision Planning (SVP) advocated by 
the Institute for Water Resources. The SVP approach has its origins some 30 years 
ago and was presented in numerous Corps reports (Wagner and Ortolando, 1976; 
I]C, 2006), but was never adequately described in scientific literature. While the 
Corps seems to embrace the approach as a solution to lengthy litigation that often 
follows their planning and regulatory decisions, there is a gap even within the Corps 
between the SVP advocates that require open transparent modelling tools and their 
modelling division, HEC (http://www.hec.usace.army.mil). that is entrenched in 
the suite of nlodels that they have developed over the years, and are reluctant to 
take the open source - open model path, even though the models themselves are 
free to download. 

To better characterise and understand the gap we need to develop a more sophis
ticated view of what constitutes successful decision or information support. Success 
is currently informally measured predominantly by whether the tool was used as 
the developer intended. In these terms, failure then is claimed when the system or 
model is not applied to solve the intended policy problem or when model results are 
not directly translated into policy. This linlited viewpoint is, perhaps, responsible for 
much of the perception of a gap between design and use. It must be recognised that 
essential learning processes can take place even when model developrnent is halted, 
the system was not used operationally or an alternative solution is implemented be
cause the original problem framing has been abandoned as weak in some regards. 
Bell et al. (2001) describe a case where decision makers were able to get detailed in
sight into the decision problem by using the DSS, yet the adopted solution differed 
from the one proposed by the DSS. 

Indeed, it is clear that there are problems in both recognising and in measur
ing the impacts of the use ofDISTs against a background of competing influences. 
Sterk et al. (2006) studied the use and impact of whole-farm models in develop
ing sustainable farming systenls. They concluded the impact was on the process 
of , ref ran ling,' defined as the recognition of problems, interests and mental models 
of parties involved rather than on any environmental indicators per se. Castelletti 
and Soncini-Sessa (2006) come to a related conclusion in stating that the aim of 
the decision-making process is to increase the understanding of all of the actors in
volved with the problem, to allow them to formulate requests that are increasingly 
precise and to form opinions that are better-informed by technical analyses and by 
highlighting the social learning function of their DSS. 

To continue to refine our understanding of the gap between design and use it 
will be necessary to first formulate a less restrictive definition of DIST success -
a definition not solely focused on the implementation and use of a piece of soft-
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ware. but one that includes wider benefits such as collective learning, encouraging 
partnership, and improved problem specification (see work by Putnam and Holmer, 
1991: Sterk et aI., 2006; Van IttersUlll et aI., 2004; Walker, 2002). Next, there is a 
great need for systelllic research to gather and disseminate cOll1prehensive data on 
the "gap between design and use." 

Hmvever, as a community of researchers and tool developers we have aCCUll1U
lated a significant knowledge base of how, and how not, to go about the process 
of developing DISTs. Until we better understand the nature and extent of the gap 
empirically it is accumulated practitioner know-how that offers an opportunity for 
improving tool design. 

3.6. GOOD PRACTICE GUIDELINES FOR INVOLVING USERS IN 
DEVELOPMENT 

With any proposal for the use ofDISTs in environmental policy and manage
ment careful consideration needs to be given to how best to involve users and other 
stakeholders in the development process. In particular useful lessons may be derived 
from the experience of developers in other sectors (McCown, 2002). Good de
velopment practice clearly exists within the environmental modelling and software 
community but is fragnlented. The aim of this section is to bring together lessons 
learned, and to identifY remaining issues with regards supporting organisational and 
participatory decision making. 

3.6.1 Know the capabilities and limitations of DI5T technologies 
Improvements in graphical user interfaces and visualisation have made computer
aided support accessible to a wider audience. The new accessibility of these tools 
has come with an inherent risk that they will be misapplied or misinterpreted and 
the results oversold. Inherent difficulties in understanding and communicating the 
uncertainties of the underlying bounding decisions and data upon which DISTs 
depend can compound the dangers of overselling. 

While the tools can appear more accessible, developers must be careful in lllan
aging stakeholder expectations so as to avoid disappointment and eventual aban
donment of DIST technologies (Haase and Lenssen, 2005; Matthews et aI., 2005). 
It is essential to recognise that many of the environmental decisions to be sup
ported are uncertain, preference and power dependent and scientifically contested 
(Rauschmayer and Wittmer, 2006). Silllply supplying more information will not 
necessarily result in ill1proved management, or even necessarily address the 'right' 
set of issues. Tools lllUSt first of all be relevant to be useful (Checkland and Holwell, 
1999). 

3.6.2 Focus on process not product 

I t is also important for tool developers to understand and engage with processes 
of decision making. Expertise is built up collaboratively through dialogue between 
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interested parties and may be as significant an output as the software tool itself. 
Collaborative learning within the decision making process is also essential to ensure 
that when tools are applied they adequately reflect local circumstances Such learning 
with users and the subsequent incorporation of user knowledge within tools is 
indispensable when seeking to increase the credibility of tools with stakeholders 
(Haase and Bohn, 2007). 

However, there remain significant differences in agenda and performance crite
ria between primarily academic tool-developing research organisations and primar
ily non-acaden1ic tool-using organisations. Caminiti (2004) discusses these differ
ences and suggests a process to control development from a user perspective. Given 
the potential costs involved in developing and using models and model-based tools 
it may also be necessary to forn1ally monitor or at least assess post-hoc the ben
efits (tangible and intangible) of using model-based tools within decision making 
processes compared with existing processes. 

Development process aside, the value of a decision or information support tool is 
realised through use, as a means of supporting decision-making processes. Examples 
of the deliberative use of DISTs to support particular processes include exploring 
options related to water quality in California, USA (Quinn et aI., 2005) and zoning 
coastal waters for a series Marine Protected Areas in southern Australia (Crossman 
et aI., 2007). Both Hare et aI. (2003) and Guimares Pereira et aI. (2003) provide 
reviews of the literature in this area. 

3.6.3 Understand roles, responsibilities and requirements 

Developers need to be clear about who are the end-users (who will employ the 
tool), clients (who fund the development) and stakeholders (who have an interest 
in the tool's outputs or process of using the tool), and what are the circumstances 
under which the tool will be used. Many of the failures of computer-based de
cision support can be attributed to developers failing to understand the relative 
roles, responsibilities and requirements of the different parties involved. Fundamen
tal misunderstandings and disagreements are possible on: (i) the expectations and 
responsibilities of the participants in the process; (ii) what constitutes a legitimate 
form of knowledge; and (iii) how different forms of knowledge can be elicited and 
accommodated within tools or processes (Haase and Lenssen, 2005). 

The nature of the role that tools are intended to occupy may also be significant. 
Where new tools seek to improve on existing systems (such as paper records or 
simple spreadsheets) then there is a greater likelihood for their adoption and use 
as they fit with existing patterns of work. The other successful role identified for 
software tools is as aids to consultancy, where the credibility of the tool depends less 
on the technical or presentational aspects of the software and more on the skills of 
the operator in running and interpreting the outputs (Carberry et aI., 2002). 

3.6.4 Work collaboratively 

A wide variety of methods to support collaborative working between developers or 
between developers and end-users/stakeholders are available. Many such methods 
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have their origins in fields of study such as community-based conservation (Berkes, 
2(04) or participatory delllocracy (Dryzek, 2(00) but others are associated with 
systellls research such as Soft Systems Methodology (Checkland and Scholes, 1990). 

Including social scientists in development teams may help through providing a 
theoretical background to frame the design of the process, to evaluate whether the 
methods proposed can achieve the design goals and to interpret the outcomes. De
velopment teams need to nlove beyond interdisciplinarity (the focus on combining 
approaches from different disciplines) to integrate disciplinary, acadenlic and practi
tioner knowledge in trans-disciplinary working (Aranl, 2(04). However such work 
is not cheap - do the additional overheads involved outweigh the potential benefits 
of the DIST being developed? 

3.6.5 Build and maintain trust and credibility 

For any decision-making process there will be actors who need to be convinced of 
the benefits of using the tools. The lack of credibility with such actors for many 
computer-based tools stems from the lack of tinle devoted by research teams to 
social networking compared with the effort spent on the technical aspects of de
velopment. An important component of the successful collaboration described in 
Monticino et aI. (2006) was the close connection between municipal staff and uni
versity researchers (many city officials received their degrees from the university). 

It is vital that our development practices build social and scientific credibility. 
To be scientifically credible DISTs should be transparent, validated and peer re
viewed (Hilty et aI., 2006; Rykiel, 1996) - whereas participants may determine 
the questions that the model should answer and may supply key model paradigms 
and parameters, the structure of the model must be scientifically sound. To be 
socially credible DIST developers must establish trust with end-users, clients and 
stakeholders. Both scientific and social credibility depend upon characterising and 
communicating uncertainty where it exists. 

Social credibility depends upon openness and transparency, particularly with 
regards the underlying assumptions within the tools and what has been left out. 
Giving stakeholders the opportunity to contribute and challenge model assumptions 
before results are reported also creates a sense of ownership of the process that makes 
results more difficult to reject in the future. In this regard documentation of tools 
(a much neglected area) and adopting formal quality assurance protocols may be 
necessary especially where the underpinning science is contested (Scholten and 
Kassahun, 2(06). 

Where a tool is made available as free or open source software (FOSS) then 
there is potential to increase the credibility of the tool by establishing a community 
of users with the ability to test and further develop tools cooperatively, through 
online connections such as forums or through formal networks and meetings. In 
this regard FOSS represents a significantly different strategy for including users, 
stakeholders and others in the process of designing, developing and using software 
systems that may have potential for DIST. 
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3.7. CONCLUSIONS 

To conclude this chapter we shall return to consider the key questions posed at 
the beginning - why are potential end-users often unreceptive to DIST technology, 
and what, if anything, can be done in terms of improving tool design? 

We have reviewed in outline a broad range ofDISTs and discussed the needs of 
different environnlental policy and nlanagement uses for these technologies, specif
ically to support organisational and participatory decision making. The range of 
DISTs we have reviewed clearly have the potential to provide useful support func
tionality to both sets of users and uses. So, why are potential end-users unreceptive 
to DISTs? We have reviewed the evidence and nlust now quality our position. 
Exanlples of successful (i.e. actually used to support environnlental policy or man
agement processes) and unsuccessful (i.e. not used) DIST developnlent can both be 
found. But we do not have sufficient evidence to adequately describe the nature or 
extent of any gap between design and use. 

Our reasoned conclusion is that a gap does exist but that the gap is partly a gap 
of perception - a gap between how we as tool developers think our tools ought 
to be used by others, and the ways in which they are used and do have an impact. 
So, in addition to turning our attention to better understanding user needs and to 
undertaking research to empirically establish the facts behind any gap, we need to 
develop more sophisticated understandings of how scientific data, information and 
methods, packaged and delivered in the form of DIST technology, influence and 
impact policy and management processes. 

In the nleantime we need to better integrate and exploit the growing body 
of experience-based know-how we are accumulating as a comnlunity to inform 
our design and development practices. This body of knowledge is not coherently 
presented within the environmental modelling and software literature and one of 
the key aims of this chapter was to move towards a useful synthesis and presentation. 

Despite the elusive extent and varied character of the gap between design and 
use, a set of four key 'lessons learned' regarding successful engagement with policy 
and management users can be identified from the good practice guidelines for user 
interaction described in Section 3.6: 

• Understand user needs. Failures of DISTs are often the results of a lack of under
standing and appreciation of user needs. Reeve and Petch (1999) stress that tool 
developers need to move from a 'technology push' to a 'demand pull' orienta
tion. A proper appreciation of the socio-technical aspects of tool design and a 
better understanding of how to contribute to improving organisational perfor
mance are essential for successful tool developnlent and acceptance. This accords 
with what is known from studies looking at response to innovation (Seaton and 
Cordey-Hayes, 1993). 

• Be clear about the purpose if the tool. As a corollary to understanding user needs, 
developers need to be clear about why they are creating a DIST in the first 
place. If the aim is not to support the activities of other people then the need 
for the DIST is very questionable. But beyond this, tool developers need to 
establish whether the tool will require users to change their existing practices 
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(task structure, the way that work is performed). The costs involved in changing 
working practices can be significant and close collaboration is required to ensure 
the tool is developed to fit desired new working practices in such a way as to 
yield benefit to the user(s) . 

• orr (lrk co/l(1uorativeiy. One of the greatest, and frequently overlooked, benefits of 
projects is the insight gained by nlodel developers, practitioners and stakehold
ers through a participatory development process. Such processes can nuke clear 
the contradictory objectives, expectations and perceptions between science and 
practice and playa fundamental role in mediating compromises from both sides . 

• EsrL1lJlis/z alld mailltain credibility alld tmst. Model results are used to infonn pol
icy or nunagenlent processes when users and other relevant stakeholders trust 
th/e practitioners developing and/or running the models. Practitioners run the 
models \vhen they trust the model developers. The key to developing this trust 
is openness and transparency about underlying model assunlptions and limita
tions. Another factor is developing and maintaining professional relationships 
with practitioners. 

It is our hope that, in bringing together insights from environmental nlOdelling 
and software development practitioners from~ across the globe, this chapter will pro
vide a useful guide to improving environnlental DIST development practice. In this 
regard, the chapter should be viewed as a starting point rather than a destination. 
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