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Abstract 
Metadata is an important tool for recording data assets and in the spatial information industry 
it is also used to describe the quality of data to consumers. It is text-based information with 
industry-specific terms, however there is a general impression in the industry that consumers 
still do not fully understand its meaning. This research aims to bridge the communication gap 
between data providers and consumers by designing, developing and testing better ways to 
communicate spatial quality information. The research intends to develop strategies for 
presenting quality information that meets the needs of the consumer when deciding whether or 
not to use a particular dataset. Accordingly, we believe there are three questions to be 
answered: (1) Can this be achieved without losing information? (2) Is the quality information 
prescribed in current standards adequate and helpful? and (3) Will data providers be able to 
conform to the new protocols? Our aim is not to categorize the quality of data as ‘good’ or 
‘bad’—since that is task dependent—but rather to communicate the reliability of the data in a 
way that allows consumers to make the necessary value judgments about its suitability for 
their needs. 

Keywords: spatial data, consumers, quality information, usefulness 

1 Introduction 
Over the past 20 years, our knowledge of spatial data quality has progressed to the point where 
it is now considered industry best-practice for spatial data producers and service providers to 
make quality information readily available via the web for examination by potential 
consumers. However, there is a general impression in the industry that consumers still do not 
fully understand the information that is being provided. This research aims to bridge the 
communication gap between data producers/service providers and consumers by designing, 
developing and testing better ways of communicating spatial data quality information. 

The communication difficulty is in part due to the fact that while there are numerous metadata 
standards and guidelines that specify the spatial data quality elements that should be used to 
describe a product, there is almost no guidance on how to structure and effectively present this 
information to consumers. Furthermore, data providers and consumers view quality from 
different semantic perspectives. That is, the producer generally wants to describe how the 
dataset was created, whereas the consumer is likely to describe a question for which they need 
an answer. So it is no surprise that effective communication between them remains an issue. 
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The research described in this paper proposes to develop strategies for presenting spatial data 
quality information that meets the needs of the consumer when deciding whether or not to use 
a particular dataset. As such, we believe there are three questions to answered: (1) Can 
improved communication of this information be achieved without losing information? (2) Is 
the quality information prescribed in current standards adequate and helpful? and (3) Will data 
providers be able to conform to the new protocols?  

Importantly, our aim is not to categorize the quality of data as ‘good’ or ‘bad’—since that is 
task dependent—but instead to communicate the quality of the data in a way that more usefully 
assists consumers to make the value judgments about its suitability for their needs. 

Primarily, our focus will be on selected vector and raster datasets produced by the Department 
of Sustainability and Environment in Victoria, Australia, however the products they provide 
are typical of those being supplied by many mapping agencies throughout the world. The 
design process will begin by studying existing data consumers and will involve: (1) analysing 
existing customer feedback, and (2) interviewing current and potential consumers regarding 
their needs and goals for assessing fitness-for-use. Our questions will ask what kinds of quality 
information they commonly seek, how they currently obtain that information, and the strengths 
and weaknesses of way quality information is currently presented via the web. The information 
gained from the surveys will be combined with existing research into quality and human-
computer interaction (HCI) to propose new solutions. The ideas will be web-based and are 
expected to include both textual and visual presentation techniques.  

This paper presents research currently in progress which uses empirical evidence to understand 
the consumer, and consequently suggests some solutions for more effectively communicating 
spatial data quality. The remainder of the paper is structured such that section 2 reviews the 
literature on approaches to expressing quality, while section 3 describes the user-centred 
approach to researching a solution. Section 4 describes the research method and the findings to 
date are discussed in section 5. 

2 Expressing quality 
Numerous standardization bodies have now developed conventions for reporting the quality of 
spatial data, and these are primarily intended for use by data producers. While the various 
standards differ slightly in terminology, there is a general agreement of the components: 
lineage; positional, attribute and temporal accuracy; completeness; and logical consistency.  

However, while the quality components listed above may be appropriate for recording data as 
an asset, the question remains whether these are suitable for communicating quality to the data 
consumer. Devillers et al. (2005), for instance, argue that the majority of these components 
focus on characteristics relating to data production (that is the internal quality) and that more 
information needs to be included to reach the ‘fitness for use’ definition (Chrisman, 1984). 

Elsewhere, other researchers have proposed additional elements for representing quality. For 
example, there have been suggestions of adding: the limitations of the product (Frank, 1998); 
examples of data usage (Gould, 2005); and interrelations with other datasets (Thomson et al., 
2005). However, there is a feeling that although these components could be added, creation of 
the existing quality elements is already a burden for data providers and adding extra elements 
is likely to increase the load. 

On the other hand, some researchers have suggested alternative models for fitness for use. 
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Veregin and Hargitai (1995), for instance, modified the standard components by suggesting 
they should be reported in a matrix against the dimensions: space; theme and time. Lineage is 
not separately included, but considered to be an underlying prerequisite for determining the 
information in each component. In this way, the description of the data product is independent 
of its production method which is consistent with the argument proposed by Frank (1998). 
While lineage is fundamental to recording the quality of a data asset, Frank contends that 
providing lineage to consumers puts the burden of interpreting data quality on them rather than 
the provider. After all, the potential data consumer must decipher how these production 
methods might affect the final product when this is inherently the data producer’s area of 
expertise. Indeed, lineage can be unintelligible to the non-experts who just need to know the 
resulting quality and whether the product meets their needs (Ahonen-Rainio, 2005). It could 
also be argued that we do not, for example, receive detailed information on how our electronic 
household products work or were constructed, so why do we seem to think we need it for 
spatial data? 

In a later paper, Frank et al. (2004) offer a model independent of the production method. It 
gives a quantitative metric to find the ‘best’ quality dataset based on precision (typically the 
standard deviation of random error) and completeness, which are both calculated to degrade 
over time. Furthermore, prospective consumers could also enter characteristics of their data 
quality requirements, including the cumulative effects of different thematic layers. This is an 
elegant approach to quantifying quality and it remains to be seen whether such a metric is 
meaningful to the consumer. 

On the other hand, Wang and Strong (1996) performed earlier empirical research on data 
consumers to find out how they would describe quality. The research was not specific to 
spatial data but indicated that intrinsic quality (which included objectivity and accuracy) was 
only one of four groupings of interest to participants. The other three were: context (which 
included completeness); representation; and accessibility. In essence, this includes attributes 
such as representation and objectivity that would be a hard and possibly inappropriate 
characteristic for producers to define numerically. Essentially, it includes properties such as 
ease of understanding, concise representation and accessibility that extend beyond data 
construction but nevertheless have direct impact on data use in a practical environment.  

Another factor to consider is that if we are to improve the communication of quality to data 
consumers, then we need to bear in mind the context in which it becomes an issue. In the 
laboratory-based qualitative analysis done by Ahonen-Rainio and Kraak (2005), they observed 
data users who became concerned with quality after comparing two datasets of the same 
theme. In their study this occurred when multiple independent data sources were overlayed, 
but this raises questions in a real-world environment where technical constraints can limit the 
ability to directly overlay data. 

3 Communicating to consumers 
While the previous section has outlined the background related to spatial data quality and its 
communication, this section introduces the research approach being adopted to better 
understand the data consumer in their real-world environment. To do this, the study builds on 
the principles of user-centred design (UCD) to obtain a greater understanding of the data 
consumer’s perspective and uses this to propose and evaluate solutions. 

The principles of user-centred design include understanding users, designing for their complete 
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experience and evaluating possible solutions while always keeping the currently available 
alternatives in mind (Vredenburg et al. 2002). In terms of spatial data quality, this research 
will therefore initially take on a qualitative approach to understand the data consumer. The 
data provider is also part of the complete experience, so the practicality of providing and 
maintaining suggested solutions will be considered. This will then be used to create one or 
more prototypes and evaluate their impact in some way. Such an approach takes on a 
potentially iterative nature as the experience of prototypes and their evaluation contributes to 
the researcher’s understanding of the user. 

This is an environment where the internet and the associated interactive conventions are an 
established paradigm for obtaining information and also purchasing data. As the internet has 
grown in popularity and web browsers have matured in capability, so have approaches to 
interaction. As we know, hyperlinks are now second nature to many web users. The typical 
user does not spend much time on each page and will often only view a single screen of 
content. This is a dynamic environment for conveying information, but also one where moving 
pictures are commonly associated with advertising and therefore ignored (Neilson, 2005). On a 
successful web page, for instance, readers tend to spend their time taking in the information 
content rather than concentrating on navigation or interaction. So what principles of 
communication could be utilized in this environment? 

Essentially, many of the fundamentals of good presentation in a two-dimensional environment 
still apply regardless of the media used. Some of the information may be represented using 
maps, but also conveyed with other graphical representations or terminology. Research into 
displaying quality information in maps relies on determining a quantitative or categorical 
metric for quality which can then be displayed using a number of methods. Some techniques 
employ metaphors of fog; blurring and (more recently) detail (Kardos, 2005), while others rely 
on an extra dimension of communication such as sound or symbology. Testing of usability and 
effectiveness has produced varying results and Kardos (2005) performed perhaps the most 
thorough evaluation of such techniques for single attribute choropleth maps. 

There is also the potential that quality may be better displayed in a non-spatial graphical 
format, in which case more fundamental principles apply such as those illustrated by Tufte 
(1983, 1990). While he refers primarily to paper based graphics, the approaches need only 
minor adjustment to apply to computer monitor displays. He outlines the importance of 
reducing clutter and increasing the proportion of a graphical ink used for the data. In this way, 
the emphasis remains on the data itself rather than the artist or medium. Secondly, he 
encourages the use of graphical dimensions: location; shape; colour; texture; size; and 
orientation.  

Additionally, Gestalt principles can become a tool to more effective illustration. In theory, 
usage of motion and Gestalt’s ‘common fate’ has significant potential. Such animations 
harness a dominating form of perception which could be useful provided the presentation 
environment does not allow them to be mistaken for advertisements. The fundamentals of 
variations between monitor colour balance and screen resolution also need to be taken into 
account in the web environment. 

Where visual means of communication are inadequate, textual information becomes important. 
It is also fundamental to user-centred design that solutions use terminology familiar to the user. 
While terms such as ‘lineage’, ‘metadata’ and ‘fitness for use’ are commonplace in the spatial 
quality industry, further investigation is needed into the appropriate language for the non-
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expert consumer and is thus a strong focus in this research. For example, ‘metadata’ is a 
confusing term even for spatial information professionals and, when introduced in 
presentations or literature is invariably followed by the phrase “that is, data about the data”. So 
the question here is why do we continue to use it with non-expert consumers if it takes an 
additional phrase to explain its meaning to people within the industry? 

4 Discovering the consumer perspective 
Moving on to details of the research design, the focus will be on collecting opinions from the 
data consumers and using these to create prototypes. These in turn will be evaluated by 
consumers which will give us a greater understanding of their experience. In this way, the 
approach to researching the consumer is predominantly qualitative with an evaluation phase 
(See Figure 1) and it follows the specified activities and iterative nature specified in UCD. 

 

 
Figure 1 Research Design. 

This empirical research is being undertaken using both vector (land parcel map) and raster 
(DEM) datasets available from the Department of Sustainability and Environment (State of 
Victoria, 2004) in Victoria, Australia. While this is the primary site for investigation, datasets 
from other organizations are also likely to be involved in the exploratory stages to ensure the 
research findings are capable of being generalised to meet the needs of other spatial metadata 
instances. 

The initial stage involves gathering ethnographic data on the user perspective. Given that 
issues of quality are only one of many challenges that the data consumer would deal with in 
the average month, it was considered most appropriate to explore their experiences via 
interviews. This produces a collection of opinions and the data is therefore likely to be skewed 
by the participants recalling their actions in a manner that may differ from the truth. For this 
reason, there is a need to supplement the interview data with additional and more specific 
information about their experiences. One choice for this would be to observe participants 
(using protocol analysis) while they are trying to find information on the web about the quality 
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of a dataset. However, this is likely to occur at unpredictable times. 

Consequently, we believe a diary approach may be more effective. Using the diary events, 
significant incidents could be identified and discussed in the tradition of Critical Incident 
Technique (CIT) analysis. Both observation and CIT have disadvantages but the latter is a 
concise way to identify rare events. Additionally, while observation allows for data to be 
collected free of opinion, the presence of the observer is likely to have a strong impact. When 
asked about keeping a diary, the first participant suggested that it would be better to send 
emails to the interviewers when an issue arose instead of keeping track of another notebook. 
Accordingly, it is yet to be decided whether this method is effective. 

The third method of data collection incorporates raw information that consumers have 
provided to date. These are emails sent to the data producer via a customer feedback option on 
the data producer’s website. Many of the (~500) emails that we examined related to issues 
other than data quality, such as the website being unreachable. However, a moderate 
proportion contained opinions or queries regarding how fit the data would be for their use (see 
later for examples). 

As each piece of data is collected, it is recorded and interpreted from two perspectives. The 
first of these relates to the requirements of the data consumer: the goals they seek to achieve 
with the related quality needs; and the tasks they currently perform. The terminology they use 
is also recorded, since we suspect that the language that consumers use to describe their data 
quality problems should be linked to the language that metadata producers might use in the 
future to better describe their product quality. The second perspective relates these 
requirements, goals and tasks to existing literature with regards to portraying spatial data 
quality. In this way, the study gives consideration to the UCD principle of keeping current 
alternative solutions in mind. 

The current research strategy is consistent with grounded analysis where it is important that the 
participants fall into the target group for examination. We want to interview the everyday data 
consumer but the question remains as to who this is and, more practically, how to gain contact 
with them. This is where industry involvement has become an essential part of the project. 
DSE has provided a distribution list of people who are registered consumers of their data and 
who have given permission to be contacted. Secondly, we have posted a notification on the 
home page where people access the DSE data (State of Victoria, 2004). Ultimately, this 
research targets those that are relatively new to searching for spatial data and we are still 
unsure how many of these people we can reach. 

One common criticism that arises with qualitative research is its susceptibility to possible 
outliers and bias. After all, it is possible that we may be interviewing participants whose 
opinions are not widely representative. While this is true, it must be emphasised that the aim is 
to understand the experience of the consumer, not to determine the most commonly occurring 
issues.  

It is important, however, to going beyond the point of data saturation—that is, where 
interviewing additional participants is unlikely to reveal new themes. This point will vary 
depending on the study, but it can occur with as little as 12 participants if the sample is 
homogeneous enough (Guest, 2006). In this study, we believe the participants are unlikely to 
be particularly similar in expertise or experience, so it is expected that 20—30 participants will 
be required. This is comfortably greater than the five people that Nielson (2005) claims it takes 
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to find 80% of website usability problems. Moreover, Guest (2006) suggests that qualitative 
analysis is more likely to reveal the most popular themes rather than the less prevalent ones. 
Accordingly, his meta-study of a homogeneous group found that 97% of commonly occurring 
themes occurred within the first 12 interviews. 

Construction of prototype data quality information displays will begin once the experiences of 
several participants have been processed. Numerous initial ideas exist from both the visual and 
verbal perspectives. They are diverse in their styles and are unlikely to conform to a single 
prototype format. As such, different solutions will gain priority as the different tasks and goals 
of consumers are encountered and documented. 

Prototype ideas include visual explanations, breaking information into smaller sub-categories, 
and the inclusion of more specific visual sample data at low resolution. Gould (2005) 
suggested an alternative approach where fellow data consumers provide feedback in a manner 
similar to that available on Amazon.com (the consumer ‘product feedback’ or multiple ‘stars’ 
rating approach). Essentially this will become a priority for prototyping if we find that 
consumers tend to consult each other for advice. 

Evaluation techniques will depend on the nature of the prototype, so while we have possible 
ideas on this, the choices have not been finalized. The emphasis will be on the evaluation of 
the design with particular attention to the information presentation, so it is very likely that 
strategies used in information architecture will be employed. In this way, the intention is to 
evaluate low fidelity prototypes because this makes participants more inclined to voice 
fundamental criticisms and concentrate less on the finishing touches of usability (Vredenburg 
et al., 2002). 

5 Findings to date 
The findings from the first year of research focus primarily on what has been discovered from 
the feedback emails because the interview process is still in its early stages. These consist of 
emails received by the data provider relating to purchased data (State of Victoria, 2004). 
Observations from the initial interviews are also included. 

The examination of the emails used a grounded theory approach. Over 500 emails were 
viewed, dating from the 2002-2005 period. Most asked about logistical issues concerning 
obtaining the data, leaving about 100 emails relating to data quality, from which 55 yielded 
direct quotes that were copied as research data. In keeping with grounded theory, no themes 
were predefined before reading the emails, but were created later as a result of analysing the 
data. 

Several themes emerged, some related to technical issues while others questioned the data 
available. Firstly, there were repeated concerns about data containing no attributes. While this 
is a data format/structure issue, it was particularly deceiving for those clients who ordered 
elevation data but found their fundamental requirement missing, for example:  

“The contours have no labels, no spot heights, nor do they have ’z’ values. How does one get 
the ‘elev’ information?” 

Some consumers were seeking up-to-date information while others queried what physical 
extent the map product would have. While there was no detected example of consumers asking 
for what kind of information the dataset included, they showed interest in this after purchasing 
a map and being disappointed with the content, for instance: 
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“[Do you have] maps that are accurate enough to give the names of gullies or hills ... all I got 
was …” 

Similarly, consumers would email the occasional complaint that a dataset contained less data 
than other competing products which included the same theme, but again only after making a 
purchase:  

“[The missing walking tracks] are clearly marked on the [Agency X] documents and have 
been for several years … there is NO WAY I can tell [whether] the walking tracks that I want 
to use are marked on your maps or not until after I have purchased them.” 

Finally, there was one client who directly queried the disclaimer on property reports: “This 
report is not a substitute for a planning certificate”, with questions about an alternative data 
source:  

“Why this note is on the form[?]... If the ... report ... can be relied on I would prefer to use this 
... Accessing the [other product] maps is time consuming.” 

So in summary, consumers’ interests in quality tended to be strongly related to specific 
practical issues: 

• questions regarding completeness and age of the data were quite prevalent; 
• logical consistency was alluded to when referring to overlaying different datasets; 
• positional accuracy was of concern, especially in relation to the actual dimensions of 

a land parcel; 
• attribute accuracy was mentioned; and 
lineage or queries regarding production method were just not observed. 

Surprisingly (to the authors), the dominant vocabulary used by consumers related to 
expectations and reliability. Neither ‘metadata’, ‘logical consistency’ nor ‘lineage’ were 
mentioned and even the word, ‘accuracy’ was rarely cited. Indeed, the first interviewee had no 
awareness of what these words meant and was similarly confused by the phrase ‘data fit for 
your use’ was used. The interviewers quickly resorted to talking about suitability. 

Of course, the emails are a source of raw data with content which is unaffected by the current 
research, however there is only a certain type of information that identifiable writers are likely 
to include in feedback emails. In essence, it is predominantly negative and only relates to 
complaints for which there is firm evidence. On the other hand, interviewing people involves 
opinions, regardless of their level of satisfaction with the data, with confidentiality ensured. It 
also allows them to reveal detail on the context and reasoning influencing their opinions.  

Towards the end of one interview, a participant was asked to view the metadata statement that 
is available on the web for a product used by the participant. There response was that the 
metadata had never been seen before, and was simply not understandable, even though the 
participant was an experienced consumer of the data product concerned. Furthermore, the 
participant admitted that if such a web page had been encountered the participant’s action 
would be to leave the page after taking a few seconds to examine the content and discover it 
was incomprehensible.  

Preliminary results therefore show that, while metadata may be highly useful within an data 
producer or service provider organization, there are no initial signs that this metadata 
implementation format is useful for communicating quality. We suspect that many first-time 
spatial data users do not understand many of the terms used in current standards. Moreover 
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their own questions about the data do not seem to correlate with the various data quality 
elements as we know them, but more with practical concerns of reliability and their 
expectations of what the data will include. Accordingly, it would appear at this early stage of 
our research that data consumers seem more concerned with external quality issues such as: 
what spatial data is available for a particular region and how complete or extensive it is. There 
also seems to be awareness that the data is not perfect, but rather the best available. In this 
way, quality would appear to be a concept that has the most meaning for consumers when one 
dataset is compared to another, which is consistent with the findings of Ahonen-Rainio and 
Kraak (2005). 

6 Conclusion 
This research aims to explore the data consumer experience in order to provide more effective 
solutions for communicating spatial data quality information via the web. Preliminary findings 
from the first year of the 3-year project reveal that communication could be improved in two 
areas. Firstly, solutions should use the terminology of the data consumer instead of being 
overly technical and industry-specific. Secondly, the solution should focus on ways of 
describing product suitability and reliability instead of the production method. Results from 
this work are expected to help provide a contextual description of spatial data consumers, their 
goals, tasks they currently perform, and the language they naturally use. This information will 
support subsequent research in the development and testing of prototypes for improved 
communication of spatial data quality. 
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