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Introduction 

• ACS now THE primary mechanism  
– for measuring and disseminating detailed socio-

economic characteristics of the population at the 
sub-state level  

– smaller geographies like tracts 

– In it’s second iteration of 1,3,5 year releases 

– Sampling and measurement source of error less.  



Introduction 

• With ACS, the Census Bureau began to report 
forthrightly both 
– the  estimates 

– uncertainty of their sample estimates  

• Presenting both components to an audience is 
a challenge. 

• Many people don’t report error or bury it in 
appendix.   

• Not good practice. 



Introduction 

• Some recent work on presenting error levels 
along with estimates in spreadsheets. 

• Uses classification and color coding. 

• Here’s a couple of ideas of how to present 
both for spreadsheets.  

• The first is from ESRI 

• The second is from a Census Bureau Usability 
research on ACS. 



Introduction 

High Reliability: The ACS estimate is 
considered to be reliable. The sampling 
error is small relative to the estimate. 

Medium Reliability: Use the ACS 
estimate with caution. The sampling 
error is fairly large relative to the 
estimate. 

Low Reliability: The ACS estimate is 
considered unreliable. The sampling 
error is very large relative to the 
estimate. 

ESRI’s reliability symbols are as follows:                                                               



Introduction 

• Example of an 
ESRI 
embellished 
spreadsheet. 



 



 



 



Introduction 

• Here we focus on how to create maps that 
include information about the sampling error 

• Currently the most prevalent practice is to 
largely ignore the unreliability of ACS 
estimates when mapping. 

• Partially this is a result of the difficulty users 
have with interpreting maps. 

• This needs to change if users of our maps are 
to place confidence in our map making.  



Introduction 

• Visualization of uncertainty data is a challenge 
we should not walk away from 

• Begin by acknowledging that all survey and 
GIS data have error to some degree and there 
are many reasons for its presence.  

• The question before us is not whether to 
present this information of uncertainty in our 
estimation but how. 



Introduction 

• GIS and cartographers have worked on the 
problem of how to present uncertainty of data 
values for over two decades. 

• Kardos, Moore and Benwell (2003) have 
provided a nice summary of work that has 
been done.  

• Not on that list is recent work by Stewart and 
Kennelly (2010) on use of 3-D “prisms” and 
“shadowing” to convey uncertainty.  



Symbolizing Uncertainty 



Introduction 

• These efforts have much to inform our present 
dilemmas. 

• The work of Sun and Wong(2010) as well as 
Torrieri, Wong and Ratcliffe (2011) are 
examples of some recent attempts to deal with 
the geo-visualization problem. 

• We think it would be a mistake to foreclose too 
quickly on one system for presenting ACS 
estimates and errors of estimation. 

• We would like to present some alternative 
ideas.  

 



Estimation Error in ACS 

• 10 major issues to deal with in portraying 
estimation uncertainty in the ACS, SAIPE and 
similar sample survey data. 

1. Absolute vs. Relative Error 

2. Side-by-Side maps vs. Overlay Maps 

3. Crisp vs. Modified Classes 

4. Number of Classes  

5. Method of Classification 

6. Symbolizing Uncertainty 

 

 



Estimation Error in ACS 

7. Map Legends 

8. Static vs. dynamic interactive maps 

9. Number of geographic units on map 

10. Map Complexity and Type of User 

• Here we would like to offer a few comments 
on some of these issues. 

• Our background paper contains more detailed 
comments on these and rest. 

 



Absolute vs. Relative Error 

• First issue: what to use as measure of error 

• Some researchers argue for the use of relative 
error rather than absolute error measures. 

• The reason—absolute error measures are 
sensitive to the scale of the estimate.   

• Worry is that less careful user will focus only 
on the size of the error and draw conclusion 
that big error always signals high unreliability 
without taking into account the scale of the 
data or the estimate thereof.  



Absolute vs. Relative Error 

• While acknowledging that can be a problem, 
we feel that unmindful use of the CV has 
problems as well. 

• Our work leads us to conclude that choice 
depends on the format of the variable being 
estimated.  

• For totals, medians and mean averages, use of 
relative measures of error like the coefficient 
of variation (CV) seems more appropriate. 



Number of Geographic Units 



Absolute vs. Relative Error 

• Relative error good for 
– measuring stability/reliability 

– comparison between types of data or with 
different dimensions 

– comparison between estimates of different orders 
of magnitude 

– if possible outcomes are  

• Bounded [0, +∞] 

• Quantitative level measurement (not categorical) 



Number of Geographic Units 



Absolute vs. Relative Error 

• However, for proportions, %’s, or a ratio like 
sex ratio, the standard confidence interval 
seems the more appropriate measure.  

• Because proportions are bounded by 0 to 1, 
the CV presents interpretation problems. 
– Becomes unstable when estimate  approaches 0, 

or when it approaches 1 

– Confusing for estimate with ranges [- ∞, +∞ ], like 
when estimating change over time 

 



Absolute vs. Relative Error 

• To illustrate, consider a variable like foreign 
born where one geographic unit has an 
estimate of 10% with MOE of ±8% and a 
second geography with an estimate of 90% 
with MOE of ±8%.   

• Though structurally equivalent, the CV for the 
10% foreign born is 48% (very unreliable) while 
the CV for the 90% native born is 5% (very 
reliable).   Does this make sense? 



Absolute vs. Relative Error 

• Part of the problem may lay in asymmetrical, 
nonlinear nature of the distribution of CV. 
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Absolute vs. Relative Error 

• On the other hand, for variables like this, the 
confidence interval performs as expected.  
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Absolute vs. Relative Error 

• For both the estimate of p =10% foreign born 
and q=90% native born, the standard error of 
estimate is the same, approximately 0.01 
when n=1000.   

• This symmetry for placing a confidence bound 
on the estimate makes more sense both 
intuitively and statistically to us compared to a 
nonlinear relative error measure like the CV. 

• So we choose to use the MOE in these 
circumstances, as illustrated next. 



Absolute vs. Relative Error 



Two Maps or One 

• A second major issue is whether to present 
MOE in separate map or overlay them on the 
same map and use a “bivariate” legend to aid 
interpretation. 

• Our first comment here is that while 
experienced users seem to prefer the single, 
integrated map, casual map readers find both 
confusing.  Need for education 

• The second comment pertains to map 
legends. 



Two Maps or One 



Two Maps or One 

• While not much literature on the topic of 
legends, we found Wong’s ArcGIS extension  
– Too data driven 
– Inflexible methodology (Jenks), break points, # 

classes 
– Frequently not useful as largest error category was 

well within bounds of acceptable uncertainty 

• We build our own 
– Class breaks at levels decision makers find more 

useful 
– Flexible methodology and #classes 

  



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Research on Legends Conducted by Census Bureau 



Crisp vs. Fuzzy Classes 

• A third issue—employ crisp, sharply defined 
classes or modified flexible intervals and 
boundaries in face of uncertainty of estimates. 

• Sun and Wong present the issue via graph: 



Crisp vs. Fuzzy Classes 

• Xiao et al (2007) present the issue in a slightly 
different way.  They use the term “robustness” 
to measure how well a classification works 



Crisp vs. Fuzzy Classes 

• In our own work we explored the idea of 
portraying the probability that the estimate 
belonged to the class to which we assign it.    

• For static maps we tried the use of pie charts, 
where each slice of the pie represented the 
probability that the estimate belonged in the 
class to which it had been assigned by the 
Jenks method. 



Crisp vs. Fuzzy Classes 



Crisp vs. Fuzzy Classes 

• We also experimented with classifying and 
displaying the lower bound or the upper bound 
of the confidence intervals. 



Crisp vs. Fuzzy Classes 



Crisp vs. Fuzzy Classes 



Crisp vs. Fuzzy Classes 

For internet mapping one can provide this information 
as a feedback when the user clicks a polygon on screen. 



Symbolizing Uncertainty 

• Kardos, et al researched nine techniques for 
criteria of usefulness, visual appeal and speed 
of comprehension. 

• They drew the conclusion that the blinking of 
areas metaphor/technique outperformed the 
other techniques.   

• Overlay was found useful by over 80% of the 
respondents as was adjacent maps (one for 
the estimate and one for uncertainty), with 
“fogging” and “bluring” next most useful.  



Symbolizing Uncertainty 



Symbolizing Uncertainty 

• The reason for preferring the blinking 
technique over others was that it didn’t 
obstruct their viewing of the original 
information values.   

• While respondents found the overlay 
technique useful, the felt it interfered with 
their understanding of the values symbolized 
by color.  

• We found the same problem of confusion 
when presenting both the estimate and 
uncertainty information overlay. 



Symbolizing Uncertainty 

• We experimented with all kinds of symbols—
circles, various iconic symbols (filled and 
unfilled), cross-hatching. 

• People seemed to like the cross-hatching the 
least, stating that it tended to cover up the 
background estimate information. 

 



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Symbolizing Uncertainty 

• We also explored a modification of a 
“blinking” technique.   

• For our static (pdf) maps we first present the 
estimate for the geographic areas of interest 
and then, with one mouse click, the viewer 
overlays the error of estimation information. 

• For our interactive, internet maps the user has 
only to move the mouse over a geographic 
unit of interest and the error of estimation is 
displayed. 

 



Symbolizing Uncertainty 



Symbolizing Uncertainty 



Static vs. Online Maps 

• Dynamic interactive maps permit much more 
flexibility in presenting information compared 
to static maps.  With a slider that lets you 
choose the value to compare to:  

• The one I showed earlier, giving detailed 
information on uncertainty in each county: 

• http://pad.human.cornell.edu/papers/annex/
uncertaintymap_fullinfo.cfm 

• Nagel’s internet map for SAIPE data: 

 
 

http://pad.human.cornell.edu/papers/annex/uncertaintymap_fullinfo.cfm
http://pad.human.cornell.edu/papers/annex/uncertaintymap_fullinfo.cfm
http://pad.human.cornell.edu/papers/annex/uncertaintymap_fullinfo.cfm


Static vs. Online Maps 



Static vs. Online Maps 



Static vs. Online Maps 



Number of Geographic Units 

• Another of the major issues is the number of 
geographic units presented on the maps and 
confusion that causes in viewing and 
interpretation. 

• Torrieri et al raise this issue. 

• In our own work we find the same problem. 

• Compare the next two maps, one at the 
county level and another at the sub-county 
level. 



Number of Geographic Units 



Number of Geographic Units 


