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Motivation 

Can YOU identify the pattern? 
 

Bowerman , O’Connell, Orris, Murphree, (2009) , p. 74 



Motivation (cont.) 

 Wainer (1997), states: 

 “The aim of good data graphics is to display data 
accurately and clearly.” (p. 12) 

 Ignoring spatial context lies within his 5th  rule of 
displaying data badly, “Graph data out of context” 
(p. 25) and his 2nd rule“Hide what data you do 
show” (p. 16) 

 Ignoring spatial context is a way to display data 
badly! 

 



Introduction 
 

 We will look at examples of spatial association in the four 
books used in introductory statistics classes at Utah State 
University 
 

1. Probablity and Statistics for Engineers and Scientists 
 By A. Hayter 

2. Introduction to the Practice of Statistics 
 By D. S. Moore, G. P. McCabe, and B. Craig 

3. Essentials of Business Statistics 
 By B. L. Bowerman, R. T. O’Connell,  J. B. Orris, E. S. Murphree 

4. Statistics 

           By D. Freedman, R. Pisani, R. Purves  



Introduction (cont.) - Textbooks 

1. Probablity and Statistics for Engineers 
and Scientists; Third Edition; A. Hayter; 
Duxbury Press, Belmont, CA (2006) 

• Did not contain any spatial data sets 

• Examples include data from 
engineering, manufacturing, and 
medical backgrounds 



Introduction (cont.) - Textbooks 

2. Introduction to the Practice of Statistics; 
Sixth Edition; D. S. Moore, G. P. 
McCabe, and B. Craig; W. H. Freeman, 
New York (2007)    

• Contains seven major data sets with 
spatial components 

• Examples include data from 
environmental, economic, social, and 
health backgrounds 



Introduction (cont.) - Textbooks 

3. Essentials of Business Statistics; Third 
Edition; B. L. Bowerman, R. T. 
O’Connell,  J. B. Orris, E. S. Murphree; 
McGraw-Hill/Irwin, New York (2009)  

• Contains four major data sets with 
spatial components 

• Examples include data from mainly 
economic and social backgrounds 

• Contains a map 



Introduction 
(cont.) - 
Textbooks 

•  Illustrates the pipelines of 
and the cities served by the 
Columbia Gas System 

•  Natural gas companies 
use prediction models 
when ordering to avoid 
transmission and storage 
fees aligned with 
over/under consumption  

 

 

 

 

Bowerman , O’Connell, Orris, Murphree, (2009) , p. 74 



Introduction (cont.) - Textbooks 

4. Statistics; Fourth Edition; D. Freedman, 
R. Pisani, R. Purves; W. W. Norton & 
Company, New York (2007)  

• Contains two major data sets with 
spatial components 

• Examples include data from mainly 
health related backgrounds 

• Contains a map 

 



Introduction 
(cont.) - 
Textbooks 

• Example of a map 
found in an 
introductory statistics 
class textbook 

 

Freedman, Pisani, Purves (2007), p. 397 



Background 

 Maps showing spatial data make it easier to: 
 

• Know the data  

• Identify patterns 

• Identify outliers in space 
 

 

 



Choropleth Map 
– Mortgages 

 

 

• Numerically sorted 
list of Mortgage 
Delinquency Rates 
for all 50 states and 
D.C. 

• Asked to describe 
the distribution and 
find outliers 

• Create a stem and 
leaf plot 

 

Bowerman , O’Connell, Orris, Murphree, (2009) , p. 74 
 



•  Skewed 

•  Likely couple of 
outliers   

•  Possibility of 2-3 
modes  

•  No consistent pattern 

 

 

 

 

Choropleth Map 
– Mortgages 

Stem and Leaf Plot of Mortgage 
Delinquency Rates 

 

   The decimal point is at the | 

 

   2 | 4678999 

   3 | 134457 

   4 | 00113334445557899 

   5 | 014 

   6 | 1111333 

   7 | 13344589 

   8 |  

   9 | 1 

  10 | 6 

 



•  Symanzik & Carr 
(2008), p. 270, state: 

“Choropleth maps use 
the color or shading of 
regions in a map to 
represent region 
values.” 

•  Several different 
breaks may need to be 
considered 

•  Makes it clear south-
eastern states have 
higher percentage of 
foreclosures 

 

 

 

Choropleth Map 
– Mortgages 

*D.C., Alaska, Hawaii not on map. 



R code - Mortgages 

 Maps can be created fairly simply 
• Only about 10 lines of code in this example 

 

 

 

# load required packages 
library(RColorBrewer) 
library(maps) 
 
# read in data 
## Note, D.C was in our data set, but not on the map we are using  
## so it is deleted from the data set 
mort = read.csv(“DelinqRate_edit.csv”, header=T) 
 
# set how to divide up the data 
breaks = c(2,5,8,11) 
 



R code - Mortgages 

 Maps can be created fairly simply 

 

 

 

 
# apply the breaks to the data set 
m.class = cut(mort[,2], breaks) 
 
# pick a color pallette 
brewer.pal(3, "Blues") 
 
# assign colors to breaks 
m.col = brewer.pal(3, "Blues")[m.class] 
 
# save map as a .pdf 
pdf("Mortagages_Map3.1.pdf", width = 11, paper = "USr") 
 



R code - Mortgages 

 Maps can be created fairly simply 

 

 

 

# match states in map to states in the data set 
## Note, states in the map are “characters”, so we must make the  
## states in our data set “characters” as well 
map.m.col = m.col[match.map("state", as.character(mort[,1]))] 
 
# create the map 
map("state", fill = T, col = map.m.col) 
legend("bottomright", legend = levels(m.class), fill = brewer.pal(3, "Blues")) 
title("Mortgage Deliquency Rates in 2007") 
dev.off() 



Choropleth Map 
- CO2 

•  CO2 emissions from 
countries with 
population at least 20 
million 

•   Sorted alphabetically 

•  Asked to describe the 
distribution of the data 
and to identify outliers 

 

 

 

Moore, McCabe, Craig (2007), p. 26 



Choropleth Map 
- CO2 
•  Histogram tells us the 
data are right-skewed 

•  There are possibly 
three outliers 

•  Median:  3.200   

•  Mean:  4.596 

•  SD:  4.822 

 

 

 



Choropleth Map 
- CO2 
•  Able to see spatial 
outliers and grouping 
easily 

  

 

 

 



Google Map -
Tuition 
•  Comparing in-state 
tuition and fees for 32 
universities between 
the year 2000 and 2005 

•  Asked to plot data and 
describe relationship 

•  Asked to identify 
outliers and obtain the 
residuals 

 

Moore, McCabe, Craig (2007), p. 26 



Google Map -
Tuition 

•  Linear Regression 
Model:   

Yr2005 = 1059 + (1.4)*Yr2000   

 

 



Google Map -
Tuition 
•  Data with latitude and 
longitude  points can be 
represented on a Google 
Map 

•  Makes more sense to 
look at the percent 
increase for each 
university from 2000 to 
2005 

•   Able to see grouping 

•  We can identify 
outliers  



Google Map -
Tuition 
•  If we add a Ray-Glyph 
plot we can look at 
multiple variables on 
one map 

•  The green lines 
represent the tuition for 
2000 and 2005 
respectively with a line 
pointing down as the 
lowest and up as the 
highest tuition in that 
year 

•  Makes it easy to see 
outliers and identify 
trends 



Google Map -
Tuition 

 

  

 

 

 



Micromaps        
- Tornado 

•  From 1950 to 1999, 
adjusted for inflation 

•  Table is sorted 
alphabetically 

•  Asked to identify the 
top 5 and bottom 5 
states 

•  Asked to make a 
histogram using 
software with classes in 
increments of 10 

•   Asked to identify 
outliers 

 Moore, McCabe, Craig (2007), p. 26 



Micromaps        
- Tornado 

•  Histogram tells us the 
data are right-skewed 

•  There are possibly 
three outliers 

 



Micromaps       
- Tornado 
•  Able to visually see 
where and how the data 
are distributed 

•  Able to easily 
indentify the top and 
bottom 5 states and see 
where they are located 

•  Helps see outliers 

•  For continental U.S. 
only 

 

*Hawaii, Puerto Rico and  
  Alaska not on map 



Conclusion 

 Displaying spatial data enriches understanding 

 Outliers can be explained by spatial context 

 Maps can reveal spatial outliers 

 Textbook authors are encouraged to include maps  

 Students are encouraged to create maps to answer 
textbook questions 

 

 



Software Used 

 R Development Core Team (2011). R: A language and 
environment for statistical computing. R Foundation 
for Statistical Computing, Vienna, Austria. ISBN 3-
900051-07-0, URL http://www.R-project.org/. 

 Packages used in R:  RColorBrewer, maps, 
RgoogleMaps, PBSmapping, maptools 

 

 

http://www.r-project.org/�
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