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Abstract 
This paper defines a new method of attribute uncertainty representation, the blinking region. It 
specifically communicates uncertainty in values associated with choropleth map regions. In 
this way, error and attribute (census) data can be made to alternate in the user’s view, 
communicating both datasets. The blinking region uncertainty visualization was tested via a 
web-based survey. Results show that it outperforms most current visualisation of attribute 
uncertainty techniques (e.g. image sharpness) in terms of visual appeal, speed of 
comprehension and overall effectiveness. Theoretically, regions that have the most attribute 
error could flicker at the fastest rate, with speed of blinking being proportional to the error. 
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1 Introduction 
Attribute uncertainty is an ever-present element of spatial datasets and can cause adverse 
effects in situations where decisions are based on inaccurate data. When making decisions, 
further investigation and more caution is likely if a user is aware of areas where the data 
accuracy levels are low. The means of communicating uncertainty is through geovisualisation; 
this endeavour is widely endorsed (MacEachren 1992; Mahoney 1999; Goodchild 2000; 
Agumya & Hunter 2002; Zhang & Goodchild 2002). This specific endeavour is a key research 
challenge within cartography (Fairbairn et al, 2001), advocating both the dissemination of 
uncertainty data (now more widespread) and exploration into novel means of representing that 
data. Brodlie et al (2005) emphasise the strong link between the characterisation of data (i.e. 
with uncertainty information) and the form of its representation. 

This paper defines a new method of attribute uncertainty representation that makes use of 
temporal or dynamic variables (specifically duration – see MacEachren, 1995). What happens 
is that an areal unit within a digital choropleth map can be manipulated to flicker back and 
forth between the attribute that is being mapped and attribute uncertainty display. Uncertain 
regions are organised into differing classes of uncertainty, which can be displayed using 
traditional choropleth legends.  

A background to blinking regions and other uncertainty visualisation methods is given next, 
including a discussion of sources of error that can occur with regions. The results of an online 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 815

survey comparing a group of such methods for usability and effectiveness are then provided, 
followed by a conclusion and ideas for future development of this technique. 

2 Background 
The uncertainties associated with the choropleth thematic map are well known. For example, 
census data is aggregated into mesh blocks to preserve confidentiality. Each mesh block can be 
represented as a region on a choropleth map, which is misleading as the mesh block and its 
boundary were designed for ease of enumeration and not specifically to reveal true geographic 
patterns. Therefore, the patterns observed are more a function of the arbitrary boundaries thus 
created (Martin, 1996). This is a source of attribute uncertainty (the modifiable areal unit 
problem – Openshaw and Taylor, 1981), where discrete homogeneous regions are used to 
represent possibly continuous phenomena. It is now common to define and express uncertainty 
as part of a more complete representation of the phenomenon being modelled (Mahoney, 
1999). A number of visualisation-of-uncertainty techniques have been developed to fulfil this 
need. Table 1 lists and describes the chief methods, the majority of which will be used here. 

Table 1 Some of the main visualization-of-uncertainty techniques. 

Mode Name Description 

Adjacent 
Maps 

Two maps can be used to show the uncertainty, one to show the actual 
information and another to show the uncertainty (MacEachren et al 1998) 

Overlay A single choropleth map can be used to show the attribute information with 
an overlay of the uncertain information shown as textures on top 
(MacEachren 1992; MacEachren, et al 1998). 

Blurring The clarity of an area boundary is used to define the uncertainty of the spatial 
data. A sharp pattern would indicate certain information; an approximate 
pattern definition would indicate uncertain information (MacEachren 1992). 

Fog Uncertain parts on a map are partially hidden, therefore unclear to see. The 
thicker the fog the more uncertainty is in that part of the map. Fog obscures 
data from viewing; this is not an issue since such uncertain data is of no 
inherent use and thus should not be seen by the user (MacEachren 1992). 

Pixel 
Mixture 

Pixels are divided into sub-pixels and an appropriate class value is given to 
each sub-pixel proportional to the membership function calculation (De 
Gruijter, et al 1997). 

Saturation 
of Colour 

Saturation of colour is used to visualise uncertainty. The more saturated 
(richer) a colour representing a particular class, the more certain the 
information is on that part of the map. (Hengl, et al 2002). 

Sound This provided a level of uncertainty at a particular location on a map through 
a variable pitch. A low pitch sound depicted low uncertainty and a high pitch 
sound for large uncertainty (cursor-driven) (Fisher 1994; Krygier 1994). 

Static 

Trustree The outline of a quadtree structure is used to characterize the changing 
uncertainty across a choropleth boundary; the semi-continuous change across 
a quadtree, from cell to cell helps dilute the arbitrary assumptions associated 
with choropleth boundaries (Kardos et al, 2005)  

Blinking 
pixels 

Information in the spatial display was manipulated causing it to blink, hence 
highlighting those uncertain areas to the viewer (through more rapid 
blinking) (Fisher 1993; Monmonier &  Gluck 1994; Evans 1997). 

Dynamic 

Animation A movie clip of map realisations (generated from a Monte Carlo simulation) 
highlighting areas where data is considered to be uncertain. Ehlschlaeger et 
al. (1997) state that if there is little change between realisations then one can 
be fairly convinced about the extent of the uncertainty. 
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The blinking region is put forward as one way of doing this. It is similar in concept to blinking 
pixels (Fisher 1993), which was developed for raster spatial data models. In other application 
areas, representations similar to blinking regions have been used in virtual reality simulations, 
specifically using a spatial metaphor to highlight important financial data to the user (Marshall, 
1997). Blinking regions have also been used in the representation of forecasted severe weather 
events (via a webcast – My-Cast, 2005). Monmonier (1992) presented rapidly alternating maps 
as part of his graphic script project, relying on changes in colour value to communicate 
dissimilarity between two variables. Lai and Yeh (2004) suggest blinking points to highlight 
timely traffic information. 

The blinking region is an example of a dynamic representation, which are subject to 
manipulation via cartographic animation variables (for these, MacEachren, 1995, lists display 
date, duration, order, rate of change and frequency). Blinking is characterised in MacEachren 
(1995) as the controlling of period duration (di Biase et al, 1992 originally identified this 
variable) through the ‘binary cycling of on-off’. 

3 Data and its preparation 
An uncertainty value for each feature in the New Zealand 2001 census dataset was derived 
using data from the 2001 post enumeration survey (used to test and document the quality of the 
census data - Statistics New Zealand, 2002).  

 

 Post Enumeration 
Survey

Census Undercount Data Three Geographic 
Locations 

Census Undercount Error 
Values 

Geographic Location Error 
Values 

Monte Carlo Simulation 
of Census Undercount 
and its Associated Error 

Monte Carlo Simulation 
of Census Data Using 
Geographic Error Values  

2001 Census Data

Mean and Standard 
Deviation Layers 
Combined 

Standard 
Deviation Layer 

Mean Layer Layer of Relative 
Error 

(Sorted by 
location) 

 
Figure 1 A flow chart showing steps from the Post Enumeration Survey to achieving a final layer of 

relative error for the New Zealand 2001 census dataset. 
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Part of the survey showed an attribute error for census undercount (broken down by 
geographic area) which was stochastically modelled using Monte Carlo (MC) simulation 
(following the procedure given in Burrough and McDonnell, 1998), then propagated onto the 
actual count. Monte Carlo simulation had also been applied to the actual count, to add a 
random error component to it. The geographic attribute uncertainty data in the post 
enumeration survey was specific to three regions covering New Zealand (South Island, 
Northern North Island and Southern North Island). 

3.1 Procedure 
First, a MC simulation was run on the undercount data using the sample undercount errors 
from the post enumeration survey. After a user specified amount of simulations, mean and 
standard deviation layers were created for the undercount data. Uncertainty for the census data 
was obtained using a separate MC simulation. The error value used in this simulation varied 
depending on the geographic location of the current feature in the simulation. The simulation 
used a normal distribution of random values with a mean of zero and a derived variance for 
each feature. After performing the iterations for each feature, mean and standard deviation 
layers were produced. The mean and standard deviation layers from the undercount and census 
simulations were then combined (i.e. error was propagated). By dividing the standard deviation 
layer by the mean layer, an overall layer of relative error was produced and ready to be 
visualised. A flow chart showing how the final layer of relative error is derived can be seen in 
Figure 1. Figure 2 shows the population choropleth and its corresponding uncertainty map. 

 

 
Figure 2 The blinking areas attribute uncertainty visualisations used in the survey (on the census 

meshblocks for Dunedin, New Zealand). The images were overlaid and alternated every 1.5 seconds. 

4 Results 
An Internet-based survey and assessment of current techniques for visualising uncertainty, 
including blinking areas, was performed to gain an insight into which methods users prefer. 
Using the Internet as a medium proved to be an effective way of disseminating 
geovisualisations (Drecki, 1997 and Aerts et al, 2003, employed a similar strategy) and 
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immediately recording user responses. The survey assessed the following aspects of current 
visualisation of attribute uncertainty techniques:  

• the visual appeal; 
• speed of comprehension, and; 
• overall effectiveness. 

The survey had two sections covering General Information and secondly Geovisualisation of 
Uncertainty Techniques. 

4.1 General Information 
There were 39 responses from participants throughout New Zealand (subscribing to a New 
Zealand GIS user group email list) that all professed an understanding about uncertainty in 
GIS. Participants were asked to provide a self-assessed GIS experience rating – overall, their 
experience was high, with 39% experts, 48% advanced and 13% intermediate.  

Data on the users’ self assessed experience that has been solicited in this way has been given 
some systematic reinforcement through an independent usability test (reported on in Kardos et 
al, 2004). As part of an Internet survey, the users were asked to visually identify uncertain 
areas when uncertianty was represented using a specific geovisualisation technique. The 
uncertainty map was subdivided into six equal parts, with the user needing to rank them in 
order of uncertainty. The correlation of their rankings with the true rankings was calculated 
(using Spearman’s rank correlation), then averaged for all participants; finally, the time taken 
to perform the task was measured. The results revealed that for blinking areas, all experience 
categories except ‘advanced’ were in significant agreement between self-assessment and task 
results. Also, it was found that the time taken was proportional to experience. 

4.2 User assessment of geovisualisation techniques 
Participants were then required to view the geovisualisation of uncertainty images (based on a 
census choropleth map of Dunedin, New Zealand) and state if they found the visualisation 
useful – and if so rate the effectiveness of it. Nine different geovisualisation techniques were 
assessed and rated based on a one (ineffective) to five (effective) scale for the three categories. 
If a participant found a visualisation not useful at all, then a value of zero was allocated to that 
particular technique. Also, if the visualisation was ranked not usable, then multiple selection 
boxes were provided asking the participant to select as many reasons why as were applicable. 
The following results are statistically significant, as established by chi-square tests. 

The nine visualisation of attribute uncertainty techniques assessed were adjacent maps, texture 
overlay, image sharpness, fog overlay, pixel mixture, colour saturation, sound, blinking areas 
and an animation (in order of appearance). The results in Figure 3 show that only 3 out of the 9 
methods were more usable than not, including blinking areas (with 27/39 rating it as usable).  

If a visualisation was considered usable then a visual appeal, speed of comprehension and 
overall effectiveness ranking was requested from each participant. The graphs in Figures 4, 5 
and 6 are shown as percentage graphs. This shows a percentage of the sample given to each 
bar according to the one to five rankings of each visualisation technique. Figure 4 shows how 
visually appealing an attribute uncertainty technique can be, from a very eye catching method 
to a visually unappealing technique. This showed that, along with pixel mixture and animation, 
blinking areas was rated as one of the more visually unappealing techniques (as judged by the 
extent of the Excellent, Good and Moderate responses), which may be a statement on the use 
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of dynamic variables in general (in Monmonier and Gluck, 1994, subjects found blinking 
irritating). 

Figure 5 shows how quickly a participant was able to understand and derive attribute 
uncertainty from a particular technique. Here, it was found that blinking areas was one of the 
more intuitive techniques to grasp, being outperformed in this category only by obscuring fog 
and sound (according to Immediate and Quick speed of comprehension combined).  

And last, Figure 6 shows the overall effectiveness results for a given attribute uncertainty 
technique providing whether or not a method gives an excellent portrayal of uncertainty or if it 
is rather ineffective instead. Blinking areas was rated highly overall, with at least 80% of 
respondents rating a moderate effectiveness or above. Texture overlay rated higher in this 
regard (100%), with adjacent value and oscuring fog being comparable. The relative success of 
blinking areas and adjacent display was reflected in a common user comment, that they prefer 
an unobstructed visualisation of the original information. 

 

0

5

10

15

20

25

30

35

40

45

Blinking
Areas

Adjacent
Value

Texture
Overlay

Obscuring
Fog

Image
Sharpness

Pixel
Mixture

Sound Saturation
of Colour

Animation

Technique

C
ou

nt

Yes
No
Sum

 
Figure 3 Visualisation of attribute uncertainty survey results which have been reordered by usability. 

 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

820 

0%

20%

40%

60%

80%

100%

Blinking
Areas

Adjacent
Value

Texture
Overlay

Obscuring
Fog

Image
Sharpness

Pixel
Mixture

Sound Saturation
of Colour

Animation

Technique

R
at

in
g 

Pe
rc

en
ta

ge

0

5

10

15

20

25

30

Su
m

 C
ou

nt

Excellent
Good
Moderate
Little 
Unappeal
Sum

 
Figure 4 The visual appeal results for all attribute uncertainty techniques. The results are ordered by the 

most usable technique on the left and the stars represent the usability count for each technique. 
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Figure 5 The speed of comprehension results for all attribute uncertainty techniques. 
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Figure 6 The overall effectiveness results for all attribute uncertainty techniques.  

If a particular visualisation of attribute uncertainty technique was found to be not usable then a 
different rating system appeared for the user to state why. There were five different options 
that relate directly to the visualisation’s failure in this aspect – the participant: doesn’t 
understand, finds the visualisation confusing, finds the visualisation complicated, cannot read 
the uncertainty information or has some other reason to take issue with the visualisation 
(Figure 7). The participant could select as many of the above options that they felt related to 
the current visualisation method. 

The results revealed that about half of the negative respondents for the blinking region 
visualisation technique found it complicated, unreadable or had some other reason. Attention 
should also be drawn to the image sharpness technique, which did not fare well for many user-
given reasons, including those explicitly stated in Figure 7 and others (hard to gauge levels of 
uncertainty; poor on the eyesight). 
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Figure 7 The reasons why a participant did not find an attribute uncertainty technique usable. The results 

are ordered by the most usable technique on the left. 

4.3 Discussion 
Out of nine geovisualisation methods, blinking areas was one of only three that scored more 
usable than not. The following needs to be factored into this result. For example, the colour 
scheme for the saturation of colour and animation visualisations were not the same standard 
used for the survey as a whole. This was because a) the saturation of colour required a 
different scheme to accurately represent the uncertainty colour wheel legend, and 2) animation 
required an uncertainty legend (which was consistent with adjacent value) rather than a 
population legend to show the extent of uncertainty. Other methods utilised multiple legends, 
had specific characteristics associated with the technique (e.g. sound used varying pitches to 
hear levels of uncertainty) or had to convey more complex information (e.g. animation 
displayed various Monte Carlo realisations in succession, which may have been a harder 
concept to grasp for some users).  

5 Conclusion 
Results show that blinking regions outperforms most current visualisation of attribute 
uncertainty techniques (such as pixel mixture, image sharpness, animation) in terms of speed 
of comprehension and overall effectiveness (but not viaual appeal). Unfortunately, blinking 
regions cannot be represented outside of digital media and also the flickering display can be 
irritating for some, which is consistent with other research using similar cartographic displays 
(e.g. Monmonier and Gluck, 1994; Aerts et al, 2003). 

The next stage will be to use the frequency dynamic variable extensively so that the blinking 
rate of a given region is proportional to the amount of error (either directly or inversely). This 
will bring the technique more in line with Fisher’s blinking pixels (1993). Varying ranges of 
rates of blinking will be experimented with, to gain a user opinion of what the optimal viewing 
conditions are. 
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The technique can be extended yet further. Given the arbitrary nature of seemingly precise 
boundaries in this case, there is no reason why they should always blink in tandem with the 
area it encloses (the separation of a boundary and the area it encloses forms the basis for 9-
intersection – Egenhofer and Kuhn, 1999). They could be made to blink at a rate half way 
between the rates of the regions it separates. This would not only make the boundary 
impermanent temporally, but since a region is likely to be adjacent to more than one other 
region, the boundary will probably have to be broken up spatially too (to accommodate the 
various neighbouring rates of blinking). This is a step towards the disregard of arbitrary 
boundaries, advocated by Zhang and Goodchild (2002). 
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