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Abstract 
Risk analysis (RA) has been proposed as a means of assessing fitness for use of spatial data. 
However, literature suggests that users of spatial data often ignore the potential implications 
of inherent uncertainties and errors in their decision making. There is very little empirical 
research on how users cope with issues of spatial data quality. In this paper, we explore a 
number of hypotheses for why users would be more or less willing to spend resources on RA. 
The hypotheses were tested using questionnaires which were distributed to researchers, 
policy-makers and GIS-technicians. Our results suggest that the willingness of users to spend 
resources on quantifying implications of spatial data quality depends on the presence of 
feedback mechanisms in the decision-making process. For example stakeholder interaction at 
the start of a project may identify and eliminate errors and as a result, decision-makers may 
consider RA unnecessary. Another form of feedback, at the end of the decision, is 
accountability for implications due to errors and uncertainties. We found a very high 
willingness to spend resources on RA in case of such accountability. Apart from feedback 
mechanisms, we found that the willingness of users to spend resources on quantifying 
implications of spatial data quality depends on how much is at stake and to a minor extent on 
how well the decision-making process can be modeled. 
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1 Introduction 
Many researchers have stressed the need to deal with issues of Spatial Data Quality (SDQ), as 
the risk of misuse of spatial data has greatly increased (see conference proceedings: Heuvelink 
and Lemmens, 2000; Lowell and Jaton, 2000; Mowrer and Congalton, 2000; Hunter and 
Lowell, 2002). Van Oort (2006) summarizes causes for concern on issues of SDQ: 

1. There is an increasing availability, exchange and use of spatial data; 
2. There is a growing group of users less aware of spatial data quality; 
3. GIS enable the use of spatial data in all sorts of applications, regardless of the 

appropriateness with regard to SDQ; 
4. Current GIS offer hardly any tools for handling SDQ; 
5. There is an increasing distance between those who use the spatial data (the end 

users) and those who are best informed about the quality of the spatial data (the 
producers). Furthermore, producers of spatial data provide little information on 
SDQ. 

Apart from these factors, Openshaw (1989) noted that the traditional response of both 
researchers and users has too often been to simply ignore SDQ. Agumya and Hunter (1999) 
categorized users into three groups according to how they respond to SDQ in data:  

1. Those who establish that the data are suitable prior to using the data; 
2. Those who wish to chose the best among several suitable datasets; 
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3. Those who use data regardless of their suitability, either because they must use it or they 
choose to ignore its SDQ. 

According to Agumya and Hunter (1999, 2002) studies about the proportion of users in each 
class are scant, but there is a general belief among researchers that most users fall into the third 
class. They proposed that decision-making can be improved if decision-makers would use RA 
to quantify risks due to uncertainties in spatial data, and then only use the data if they are not 
expected to produce unacceptable risks. Therefore, it is surprising to note that RA is only 
rarely adopted as a means of establishing fitness for use. A full list of hypotheses or 
explanations as to why users so rarely quantify risks due to SDQ prior to using spatial data in 
decision making is rarely found in geographical information science (GISc) literature (but see 
Openshaw 1989). Rather, most research articles briefly state that risks due to SDQ are not 
quantified and that this may be a problem. The greatest part of such a research article (e.g. see 
Forier and Canters 1996, Östman 1997, Heuvelink 1998, Li et al. 2000, van der Wel 2000, 
Crosetto and Tarantola 2001, de Bruin et al. 2001, Duckham 2002, de Bruin and Hunter 2003, 
van der Wel 2000, Jakobsson and Vauglin 2001, van Oort et al. 2005, 2006) then addresses 
one or more of the following problems:  

1. Lack of awareness that SDQ may cause risks; 
2. Lack of practical examples illustrating the needs and benefits of RA; 
3. Users lack the skills to conduct RA; 
4. Earlier research has been limited to error propagation analysis on the geographical 

analyses conducted using GIS, the outcomes of which are less tangible to users than 
outcomes reported in terms of risks; 

5. Lack of methodologies for calculating risks due to SDQ; 
6. Lack of supporting tools in current GIS software (for example error-buttons, 

visualization, wizards); 
7. Poor documentation of SDQ. 

The origin of this paper lies in an effort to address the problems as listed above. In 2002, we 
interviewed GIS/spatial data users in public decision-making to find case studies in which 
these problems could be addressed. Surprisingly, we noted in these interviews that the users 
concerned were well aware of SDQ issues, yet in many cases they considered quantification of 
implications of SDQ (= Risk Analysis, RA) unnecessary or impossible. They deliberately 
chose to ignore SDQ. The two problems addressed in this paper are (1) that their motivation to 
ignore SDQ could not fully be explained from the seven problems listed above and (2) that 
there is hardly any empirical research into why users ignore SDQ. The aims of this paper are 
therefore: (1) to propose new hypotheses as to why users ignore SDQ and (2) to test these 
hypotheses in a questionnaire. 

2 Methods 

2.1 Definitions 
Before proposing hypotheses, relevant definitions are given in table 1. Section 2.2 then 
presents hypotheses based on decision-theory. 

2.2 Hypotheses 
Hypotheses were derived from open interviews with users of spatial data in various 
government organizations in the Netherlands and from a selection of decision-theoretic 
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literature references. A list of hypotheses is presented at the end of this section; below, the 
sources of the hypotheses are briefly discussed. 

Table 1 Definitions. 

Decision (-making): a process consisting of five phases (from Cornélis and Brunet 2002) 
1. DO: documentation and information = identification of data needs, problems, objectives and 

knowledge of how these can be achieved; 
2. DA: decision analysis = definition of alternative actions to achieve these objectives; 
3. DT: decision taking = selection of one of the alternatives; 
4. DI: decision implementation = implementation of the selected action and; 
5. DE: decision evaluation = evaluation of the outcomes of the action in terms of objective 

achievement. 
SDQ: Spatial Data Quality. A general term, covering all aspects that affect the quality of a spatial 
data set. Prominent elements of SDQ are positional accuracy, attribute accuracy, completeness, 
logical consistency and lineage (see Aalders 2002 or van Oort 2006 for an overview) 
RA: Risk-analysis. Quantification of risks by multiplying potential outcomes of a decision with the 
probabilities of these outcomes. Probabilities of outcomes are calculated, using error propagation 
analysis, from probabilities of errors. Probabilities of errors are derived from SDQ reports of the input 
data set(s). If necessary, additional information on these errors (and their correlation!) is acquired. 
 
In the decision-making process we distinguish two types of actors: 
(Co-) decision-maker: has the power to select one of the alternatives in phase DT of the decision 
Stakeholder: does not have the power to select one of the alternatives in phase DT of the decision, 
but does experience the consequences in DE. 

 

Cornélis and Brunet (2002) described the spatial decision-making process as a sequence of five 
phases (see table 1). In each phase, we distinguish in this paper a feedback mechanism that, if 
present, may reduce risks generated by SDQ. Hypothesis 1 is that if a decision-maker expects 
that a mechanism sufficiently reduces risks, then this may reduce his or her willingness to 
spend resources on RA. Concrete descriptions of the feedback-mechanisms are given in tables 
3 and 4 and in section 3.  

In order to calculate risks as a result of SDQ in a decision-making process, the decision-
making process needs to be described in a model. The two most important modeling steps are 
(Morgan et al. 1990, Jaeger et al. 2001): (1) it must be possible to rank potential outcomes of 
the decision-making process according to their desirability and (2) the relationship between 
input data, the alternative actions and outcome of each {input data, action, outcome}-
combination must be described by a set of equations. These modeling steps are further referred 
to as RA modeling criteria. Once meeting these criteria becomes more problematic, users may 
start to become more concerned about how realistic the risks calculated with such a model are. 
They may become more skeptical about the potential benefits. Hypothesis 2 is that people will 
be less willing to spend resources on RA if RA modeling criteria are more difficult to be met. 

Based on Campbell (1991), we make a distinction between data-driven and discussion-driven 
decisions. Criteria for RA are less likely to be met in discussion-driven decisions and often a 
greater public interest is at stake in discussion-driven decisions. The opposite is the case in 
data-driven decisions: RA criteria are more likely to be met, but less may be at stake. Thus 
there is one argument in favor and one against RA. It will be interesting to see if one argument 
outweighs the other and if so, which. Hypothesis 2 and 3 test whether modeling criteria and the 
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stakes are important, hypotheses 4 and 5 test whether one outweighs the other in data- and in 
discussion-driven decisions. 

On the basis of the decision-theoretic literature cited above, we propose the following 
hypotheses: People will be less willing to spend resources on RA if: 

1. A feedback mechanism reduces risks due to SDQ; 
2. RA modelling criteria are more difficult to be met: 

• Criterion 1: it is difficult to rank possible outcomes of the decision-making 
process according to their desirability;  

• Criterion 2: it is difficult to cast the decision-making process into a set of model 
equations; 

3. Not much is at stake; 
4. The decision is data-driven; 
5. The decision is discussion-driven. 

2.3 Questionnaire 

2.3.1 Features and Arguments 
The questionnaire presented here is the result of a learning process of the authors, fed by open 
interviews with GIS/spatial data users in public decision-making, experience in spatial data 
quality research, literature research and trial questionnaires. See van Oort and Bregt (2005) for 
a full account of this learning process. The questionnaire contained an introductory letter 
stating the objective of the questionnaire, a simple example of RA and a question on the 
current job of respondents. The hypotheses listed above were formalized into nine features and 
seventeen associated arguments. Table 2 shows the relationship between the hypotheses and 
the nine features in table 3. Figure 1 further illustrates how arguments (table 4) are associated 
with features (table 3). The questionnaire contained two questions, for features and arguments: 

• Feature question: “If a decision-making process has this feature, then are you less / 
neutral / more willing to spend resources on risk-analysis?” 

• Argument question: “Do you agree with this argument?” (Permissible answers: 
disagree / neutral / agree) 

There were three reasons for adding arguments to the features. Firstly, arguments clarify the 
relationship between feature and RA. Secondly, feature questions require more commitment 
from respondents than argument questions. As a result respondents may be inclined to answer 
‘neutral’ more frequently in the feature questions than in the argument questions. And thirdly, 
if respondents agree with both the argument in favor and the argument against RA, then they 
may fill in ‘neutral’ in the feature question. In that case it would be wrong to discard the 
feature as being irrelevant. 

2.3.2 Statistical testing 
The population was defined as Dutch policy-makers, managers, advisors, GIS-experts and 
researchers. Active use of a GIS was not a criterion. Respondents were personally targeted and 
contacted by e-mail and telephone and asked only to return the questionnaire if they felt 
willing and capable of filling it in. The statistical test used was the Fisher Exact test for ordinal 
data (Agresti 1990: 60-65), which tests for differences in ranking and is an appropriate test for 
small sample sizes. The null hypothesis was an equal number of responses in each category 
(disagree/neutral/agree or less/neutral/more). The same test was applied to test for differences 
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in ranking of responses according to the respondent's current job. In all cases, one-sided p-
values are reported and p-values less than 0.15 were considered significant. 

 

Conducting a risk-analysis costs time and money. Below, 9 features of a decision-making process
are listed. I would like to know if presence of the features in the decision-making process affects
your willingness to spend resources on risk-analysis.

Per feature arguments are shown in favour and against a larger budget for risk-analysis. Please
indicate whether you disagree, are neutral or agree (tick one of the boxes)
The last question at each feature is whether you would spend more or less resources on risk-
analysis:

if you have both an argument for and one against RA, then encircle “neutral”;
if one of the arguments is decisive then encircle “more” or “less”;
you are allowed to include other arguments in your judgement and describe these arguments in
the open question at the end of the questionnaire.

the risk-analysis at all times refers to the calculation of risks caused by
. Thus , such as for example the chance that a

proposal receives insufficient support and hence is not chosen to be implemented.

Instructions for filling in:

Important:

�

�

�

uncertainty in
spatial data not risks caused by other factors

Feature 1: Stakeholders often know the area of interest very well. They are invited to inspect
and criticise the spatial data to be used, prior to your decision taking.

neutral agreedisagreeArguments

1a. Before presenting these data to them, I want to be
sure that they do not contain errors. Otherwise they
could use these errors against me or loose trust in
me as a decision-maker. Therefore, in my opinion
there is a need for RA if this feature is
present.

greater

1b. Stakeholders will notice errors and inform me about
them. That way, risks are reduced. Therefore, in my
opnion there is need for RA if this feature is
present.

less

neutral moreless
If a decision-making process has feature 1, then I am
less/neutral/more willing to spend resources on risk-analysis:
(encircle what applies to you)

 
Figure 1 Instructions for filling in the questionnaire. 
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Table 2 Relationship between hypotheses and features. 

 

Table 3 Features.  

ftr. Feature title 

1 Stakeholders often know the area of interest very well. They are invited to inspect and criticise 
the spatial data to be used, prior to your decision taking. 

2 Prior to implementation a field trip is organised. Data acquired during this trip may be reason to 
change your plans, even before implementation starts. 

3 The aim of the decision is to achieve an objective. The extent to which this objective is achieved 
can be expressed numerically. 

4 The decision will have implications for stakeholders. Stakeholders may hold you accountable and 
claim compensation for damage caused by errors in your data. 

5 The decision is taken in negotiation between different parties. 

6 After an action to be implemented has been selected it is implemented over the course of 10 
years. 

7 After an action to be implemented has been selected it is implemented. During implementation 
there is room for adjustment of the selected action 

8 The decision-making process is clearly described. 

9 The decision to be taken is a strategic one, in which policy-makers do their best to anticipate 
expected long-term developments. 

 

feature (see Table 3) hypothesis  
(see §2.2) 1 2 3 4 5 6 7 8 9 

1. feedback mechanism          

DO: documentation and information x         

DA: decision analysis  x        

DT: decision taking     x     

DI: decision implementation       x   

DE: decision evaluation    x      

2. RA modelling criteria          

ranking of outcomes   x       

model as a set of equations     x x  x x 

3. not much at stake      x   x 

4. data-driven        x  

5. discussion-driven     x    x 
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Table 4 Arguments for and against RA, associated with features in table 3. 

arg. Argument title 

1a Before presenting these data to them, I want to be sure that they do not contain errors. Otherwise 
they could use these errors against me or loose trust in me as a decision-maker. Therefore, in my 
opinion there is a greater need for RA if this feature is present. 

1b Stakeholders will notice errors and inform me about them. That way, risks are reduced. 
Therefore, in my opinion there is less need for RA if this feature is present. 

2a Field trips are expensive. If RA can contribute to reducing the number of field trips, then in my 
opinion there is a greater need for RA. 

2b During the field trip errors in the data are detected and the right action selected. That way, risks 
are avoided. If risks are avoided anyhow, then in my opinion there is less need to quantify them. 

3a If the objective can be expressed numerically, then it is possible to conduct calculations. 
Therefore, in my opinion there is a greater need for RA if this feature is present. 

4a I want to know if the risk is acceptable to me, for example I want to know how many claims for 
compensation may be expected. Therefore, in my opinion there is a greater need for RA if this 
feature is present. 

5a It is more difficult to model propagation of errors, as the decision-making process also depends 
on the negotiation behaviour of the actors involved. Therefore, in my opinion there is less need 
for RA if this feature is present. 

5b As soon as more than one party is involved, it is of importance to know how reliable each 
party’s information is. Therefore, in my opinion there is a greater need for RA if this feature is 
present. 

6a Precisely because implementation takes place over such a long period of time, conscientious 
consideration is important. Therefore, in my opinion there is a greater need for RA if this feature 
is present. 

6b So much changes over the course of 10 years that little may be expected of RA at the start of the 
period. Therefore, in my opinion there is less need for RA if this feature is present. 

7a Adjustment during implementation will require repetition of the planning phase, which will cost 
both time and money. If RA can contribute to reducing these costs, then in my opinion there is a 
greater need for RA if this feature is present. 

7b No risks occur, because there is room for adjustment. Therefore, there is little use in calculating 
these risks. In my opinion, if this feature is present there is less need for RA. 

8a In the case of a clear procedure I expect that the designers of the procedure have made sure that 
it doesn’t generate unacceptable risks. Therefore, in my opinion there is less need for RA if this 
feature is present. 

8b If the procedures are clear, then it is easily possible to calculate which risks are caused by SDQ. 
Therefore, in my opinion there is a greater need for RA if this feature is present. 

9a Great interests are at stake. Therefore, in my opinion there is a greater need for RA if this feature 
is present. 

9b The uncertainty in projections of long-term developments is often greater than the uncertainty in 
spatial data. Therefore, in my opinion there is less need for a calculation which shows the risks 
generated by uncertainty in spatial data. 

9c Characteristic of strategic decisions is that at the onset, it is not precisely clear which alternative 
actions will be considered. As a result, it is difficult to say what the risks will be. In my opinion, 
therefore, there is less need for RA. 
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3 Results and discussion 
Of the 250 respondents targeted 55 filled in and returned the questionnaire. Through tables 2, 3 
and 4, results in table 5 can be related to hypotheses in section 2.2. We obtained the following 
results on the hypotheses proposed: 

With regard to hypothesis 1 on feedback mechanisms: 
• Respondents are less willing to spend resources on RA if feedback is received in the 

first stage (Table 1: phase DO) of the decision-making process (Table 5: ftr. 1), 
because respondents expect that stakeholders will inform them about errors if present 
and they expect that this effectively reduces risk to acceptable levels (Table 5: arg. 
1b); 

• Respondents are more willing to spend resources on RA if feedback is received in 
the decision taking phase of the decision-making process (Table 5: ftr. 5), because 
feedback from co-decision-makers is regarded with more distrust than feedback from 
stakeholders (Table 5: arg. 5b); 

• Respondents are more willing to spend resources on RA if feedback is received in 
the decision evaluation phase of the decision-making process, that is, if they can be 
held accountable for wrong decisions due to errors in spatial data (Table 5, ftr. 4, arg. 
4a). See Epstein et al. (1998) for a discussion on the legal aspects of this feedback 
mechanism. 

• We expected that field-trips before decision taking (Table 1: phase DA, Table 3: ftr. 
2) would reduce the need for RA (Table 4, arg. 2b), in a similar manner as 
stakeholder feedback in phase 1 (Table 5, ftr. 1, arg. 1b). Also, we expected that if 
there is room for adjustment during implementation (Table 1: phase DI, Table 3: ftr. 
7), then users would feel less need for RA. No significant outcomes were found 
(Table 5: ftr. 2 and 7). Respondents considered both mechanisms (field trips and 
repetition of the planning phase) costly and wonder whether these mechanisms could 
be replaced by RA (Table 5: arg. 2a and 7a). We propose that if these mechanisms 
are effective yet costly, then a sense of urgency to replace them for RA may be 
lacking. Furthermore, there may be resistance from within the organization, from the 
workforce applying these mechanisms to reduce risk.  

With regard to RA modeling criteria (hypothesis 2): 
• Respondents are more willing to spend resources on RA if expected outcomes of the 

decision can be ranked according to their desirability (Table 5: ftr. 3, arg. 3a) 
• The criterion that the decision-making process can be described in a model using a 

set of equations is considered less important by the respondents (Table 5: arg. 5a, 6b, 
8b, 9c). The only exception to this was that the majority agreed with argument 9b, 
against RA if criterion 2 is violated.  

Hypothesis 3 was confirmed (Table 5: arg. 6a, 9a): a greater need for RA is felt if more is at 
stake. Hypothesis 4 is that respondents are less willing to spend resources on RA in data-
driven decisions. The hypothesis was tested with feature 8 and neither rejected nor accepted. 
Hypothesis 5 is that respondents are less willing to spend resources on RA in discussion-driven 
decisions. Respondents appear to be more willing to spend resources on RA in discussion-
driven decisions (Table 5: ftr. 5 and 9), because there is more concern about the quality of co-
decision-makers’ data (Table 5: arg. 5b) and because more is at stake in discussion-driven 
decisions (Table 5: arg. 9a). The argument that more is at stake can override the fact that a 
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decision may be difficult to model (RA modelling criterion 2, Table 5: arg. 9b) and result in a 
higher willingness to spend resources on RA (Table 5: ftr. 9, arg. 9a, 9b). 

Table 5 Feature and Argument questions. 

ftr.a  less neutral more nrb p-value sign. 

1  22 24 8 1 0.052 * 

2  10 24 19 2 0.159  

3  7 27 20 1 0.063 * 

4  1 10 42 2 0.000 * 

5  10 24 20 1 0.131 * 

6  11 27 16 1 0.307  

7  16 22 16 1 0.548  

8  13 30 11 1 0.449  

9  12 19 23 1 0.108 * 

        

arg.a fac disagree neutral agree nrb p-value sign. 

1a + 24 17 14 0 0.125 * 

1b - 14 15 26 0 0.080 * 

2a + 6 12 36 1 0.000 * 

2b - 17 16 22 0 0.278  

3a + 13 15 27 0 0.051 * 

4a + 3 4 46 2 0.000 * 

5a - 19 16 20 0 0.447  

5b + 13 16 25 1 0.084 * 

6a + 11 19 24 1 0.070 * 

6b - 22 19 14 0 0.186  

7a + 11 8 35 1 0.002 * 

7b - 23 11 19 2 0.302  

8a - 24 15 16 0 0.173  

8b + 19 21 14 1 0.304  

9a + 7 12 36 0 0.000 * 

9b - 18 9 28 0 0.114 * 

9c - 17 21 16 1 0.485  
a See tables 3 and 4 for definition of features (ftr.) and arguments (arg.) 
b nr = no response 
c argument is in favor (+) or against (–) RA 

 

4 Conclusion and further research 
Do users ignore spatial data quality? We defined “ignore” as the phenomenon that users use 
spatial data without quantifying risks due to spatial data quality (SDQ) prior to using these 
data. Strictly according to this definition, we observe that SDQ is frequently ignored. This 
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paper reveals users motivations to ignore SDQ. We found that respondents are less willing to 
spend resources on RA: 

• If feedback on SDQ is received from stakeholders at the start of a decision-making 
process. Respondents expect that stakeholders will detect and inform the decision-
makers about errors in the spatial data and so reduce risks to an acceptable level. 

We found that respondents are more willing to spend resources on RA: 
• If the objective of the decision can be expressed numerically; 
• If feedback on SDQ is received from co-decision-makers in the decision-taking 

phase, because there is more concern about the reliability of co-decision-makers’ 
information; 

• If feedback on SDQ is received at the end of the decision-making process, that is if 
the decision-maker can be held accountable for risks due to SDQ; 

• If more is at stake. 

Supporting the user in handling SDQ is not only a matter of raising awareness, improving 
skills and knowledge, development of tools and better documentation of SDQ. Equally 
important is to understand users’ opinions on needs and benefits of RA as means of coping 
with SDQ. This paper contributes to such understanding.  

In the introduction, we suggested a discrepancy between researchers and policy-makers in 
terms of why they think implications of SDQ are not quantified. Van Oort and Bregt (2005) 
investigated differences in response to the questionnaire and found significant differences 
between researchers and policy-makers. These findings stress the need for more empirical 
research into how users cope with issues of SDQ. We aimed to fill this gap, but much more 
research is needed in this terrain. In this paper we asked respondents about their opinions on 
the need for RA. Further research must address the correctness of these opinions and must 
check if respondents act consistently with their opinions. 
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