
  

Workbook 
Exercises for 
Statistical Problem 
Solving in 
Geography 

 

 

 

 

  

 

w w w . a r t l e m b o . w o r d p r e s s . c o m  

      

      

1 1 / 2 2 / 2 0 1 4  

Arthur J. Lembo, Jr. 

This workbook is for use with the popular textbook 

Introduction to Statistical Problem Solving in 

Geography, and includes exercises for a full 

semester laboratory component in a course focused 

on introductory statistics in geography 

 



 
 

 

 

Workbook Exercises for Statistical 
Problem Solving in Geography  

Arthur J. Lembo, Jr. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Arthur J. Lembo, Jr. 

2014 

 



 

 

 

 

 

 

 

 

 

 

 

 

Copyright © 2014 by Arthur J. Lembo, Jr. 

All rights reserved. This book or any portion thereof may not be reproduced or used in any manner whatsoever 

without the express written permission of the author except for the use of brief quotations in a book review or 

scholarly journal. 

First Printing: 2014 

Arthur J. Lembo, Jr. 

1440 East Sandy Acres Drive 

Salisbury, MD 21804 

www.artlembo.wordpress.com  

 

 

 

 

  



Table of Contents 

 

Chapter 1  Introduction:  The Context of Statistical Techniques.................................................... 1 

Chapter 2  Geographic Data:  Characteristics and Preparation ....................................................... 9 

Chapter 3  Descriptive Statistics and Graphics ............................................................................. 17 

Chapter 4  Descriptive Spatial Statistics ....................................................................................... 21 

Chapter 5  Basic Probability  and  Discreet Probability Distributions ......................................... 25 

Chapter 6  Continuous Probability Distributions and Probability Mapping ................................. 33 

Chapter 7  Basic Elements of Sampling ....................................................................................... 39 

Chapter 8  Estimation in Sampling ............................................................................................... 47 

Chapter 9  Elements of Inferential Statistics ................................................................................. 53 

Chapter 10  Two Sample and Dependent-Sample (Matched-Pairs) Difference Tests .................. 61 

Chapter 11  Three or More Sample Difference Tests (ANOVA) ................................................. 69 

Chapter 14  Point Pattern Analysis ............................................................................................... 75 

Chapter 15  Area Pattern Analysis ................................................................................................ 85 

Chapter 16  Correlation Analysis .................................................................................................. 89 

Chapters 17 and 18  Regression Analysis ..................................................................................... 93 

 

  



Forward 
 

The purpose of this workbook is to provide a set of exercises that reinforce the concepts of 

statistical problem solving in geography.  This workbook is used in my course GEOG 204 

Statistical Problem Solving in Geography, and follows the chapters in the textbook An 

Introduction to Statistical Problem Solving in Geography published by Waveland Press.  Similar 

to the textbook, my goal was to create a set of exercises that are at their heart, geographically 

based.  I have found that geography students have an easier time understanding statistical 

concepts when the examples they explore are geographic in nature.  Further, the examples 

provide the undergraduate geographer a glimpse into many different sub-topics within geography 

such as environmental and atmospheric science, epidemiology, crime, agronomy, natural 

resource assessment and urban planning.   

All of the exercises were field tested in the aforementioned course to assess whether it was 

appropriate for the undergraduate geographer.  I have to give a special thanks to Dr. Daniel 

Harris of Salisbury University who enthusiastically introduced each chapter to his students, 

sometimes only hours after I completed them.  Nonetheless, even with the help of others, any 

mistakes within this exercise book are my own, and I am eager to fix any mistakes brought to my 

attention. 

A note to professors: Field testing of the workbook proved that there are simply too many 

exercises to complete in a single semester.  Therefore, when using this workbook, the instructor 

has the flexibility to pick and choose specific questions that the students should answer.  Also, 

the data and workbook were designed to be completed by hand, although even in our own 

courses we provide opportunities for the students to use statistical software such as Excel, 

Minitab, or R. An answer key is available to any instructor using this book in their course; 

simply contact me at the email below with proof of your role as the Professor of record for the 

course. 

Finally, this book is supplied as a print-on-demand book from lulu.com so that I can continually 

make updates to the material – in that vein, I consider this to be a living document with fresh 

examples from the many fields in geography.  Finally, the use of a print-on-demand provider 

allows the book to be created at a minimal cost.  Should you want to learn more about the 

concepts of statistical problem solving in geography, GIS, and spatial concepts, please visit my 

blog at www.artlembo.wordpress.com.  Data for all the examples can be downloaded from:  

http://faculty.salisbury.edu/~ajlembo/geogworkbook.xls 

Arthur J. Lembo, Jr., November 2014 

artlembo@gmail.com

http://www.artlembo.wordpress.com/
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Chapter 1  

Introduction:  

The Context of Statistical Techniques 
 

 

 

 

Major Goals and Objectives of this Chapter: 

In Chapter 1 of An Introduction to Statistical Problem Solving in Geography you learned to 

identify the types of questions geographers ask and were introduced to the importance and uses 

of statistics in the geographic research process, especially as it relates to hypothesis formulation.  

For these exercises you will formulate possible descriptive statements while evaluating spatial 

patterns.   

Problems and Exercises: 

As discussed in the textbook (Sections 1.1 and 1.2), the process of geographic problem solving 

and scientific inquiry often begins with the identification of an interesting and relevant spatial 

pattern.  Oftentimes, these patterns are provided in map form, such as the five choropleth maps 

of the countries of the world, shown at the end of the chapter.   

The data for the maps were obtained from the CIA World Factbook
1
, and show (1) Live births 

per 1000 in population; (2) Gross Domestic Product Per Capita; (3) Percent of Total Population 

Classified as Urban; (4) The Annual Electricity Generated, Expressed in Kilowatt-Hours; and (5) 

Life Expectancy at Birth.  The data for these maps are found in the accompanying spreadsheet 

under Chapter 1 – World Statistics. 

For the following questions, refer to Section 1.1 in your textbook and review how the authors 

identified relevant questions related to the spatial patterns presented in the book.   Use the 

discussion in the textbook to identify pertinent geographically relevant questions and 

observations. 

                                                 

1
 The World Factbook is accessible at https://www.cia.gov/library/publications/the-world-factbook/index.html, and 

was last accessed on August 8, 2014. 

https://www.cia.gov/library/publications/the-world-factbook/index.html
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Select one of the five mapped variables.  List three “where”, “why”, and “what-to-do” questions 

that geographers could pose to examine or investigate this spatial pattern.   

 

Map Variable: _________________________________ 

 

1. Briefly describe the spatial pattern (where) of the variable you selected, making sure you 

mention important world regions and countries in your descriptions. 

 

 

2. Propose some reasons why you think the observed spatial pattern varies in the way it 

does.  List some of the locational processes that you believe operate to create the pattern.  

What factors can you suggest to help explain the nature of the spatial distribution? 

 

3. Create a list of at least three possible hypotheses related to the variable you selected.  Be 

as clear and specific as possible.  As a guide, you might want to reexamine the lists of 

hypotheses associated with the examples in chapter 1 (obesity levels for the United 

States, Life Expectancy at Birth (2009), Last Spring Frost dates, and Population Change 

in the United States.   

 

a. 

 

 

b. 

 

 

c. 
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Reexamine the four maps which you did not select for analysis in the previous steps and chose 

one.  Do you see a spatial relationship between the map you chose first and your newly-selected 

map?  That is, do the spatial patterns of the two maps seem similar?  For example, does there 

appear to be a relationship between countries with high electricity use and per capita GDP?  Or, 

does low electricity use seem to have an influence on the life expectancy of the population?  

Describe the nature and extent of this spatial relationship, referring to particular world regions 

(i.e. Africa, Europe) or world categories (i.e. third world) as appropriate.  What explanation can 

you provide for this relationship? 

 

Variable 2: _______________________________________________ 

 

 

4. Using the two mapped variables you selected, suggest at least three hypotheses 

geographers could form to explore potential relationships. 

 

a. 

 

 

 

 

b. 

 

 

 

 

c. 
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Chapter 2  

Geographic Data:  Characteristics and 

Preparation 
 

 

 

 

 

Major Goals and Objectives in this Chapter 

In chapter 2 of An Introduction to Statistical Problem Solving in Geography you learned how to 

categorize geographic variables and data sets on a variety of dimensions and also identify 

measurement scales of a variable.  You also learned how to classify a dataset using the four 

primary classification techniques.  

In this exercise you will describe and classify a dataset related to its many dimensions, and also 

thematically render the results of each classification method. 

Problems and Exercises: 

For this exercise, you will be able to choose from numerous data collected in the last United 

States Census, including (1) Educational Attainment by State; (2) Gross Domestic Product by 

State in 2009 and 2010; (3) Births to teenage mothers (1990, 2000, and 2009), and (4) 2010 

Poverty Level by State.  These data are found in the accompanying spreadsheet under the tab 

Chapter 2 – US Data. 

United States State-Level Data 

   

 Select one of the variables from the United States state-level data set: 

 

Variable selected: __________________________________ 
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1. Categorize this variable on the following dimensions, placing the correct letter for 

each line in the blank: 

____    (a) discrete variable   (b) continuous variable 

____    (a) primary data source  (b) secondary (archival) data source 

____    (a) individual-level data  (b) spatially-aggregated data 

____    (a) population data   (b) sample data 

____    (a) quantitative variable  (b) qualitative variable 

____    (a) explicitly spatial   (b) implicitly spatial 

 

2. Identify the scale of measurement of data for the selected variable: 

______________________________ 

 

(a) Nominal (b) Weakly-ordered ordinal (c) Strongly-ordered ordinal  

(d) Interval (e) Ratio 

 

3. Evaluate the variable you selected in terms of potential measurement error, using the four 

categories below.  If you have reason to question any of these measurement concepts, 

identify the nature of the problem(s) and explain the reasons for your uncertainty: 

 

Precision: 

 

Accuracy: 

 

Validity: 

 

Reliability: 
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4. Classify your data using each of the four simple classification methods shown in Table 

2.4 of the textbook: Equal intervals based on range, equal intervals not based on range, 

quantile breaks, and natural breaks.  For consistency, use the same number of classes for 

each method.  Identify the class breaks for each classification as part of your legend. 

 

 

5. Using the maps on the following pages, create four choropleth maps of your variable, one 

for each classification method, similar to Figure 2.2 in the textbook.  Be sure to include a 

clear descriptive title and legend on each map.  While it is possible to generate the 

classifications using GIS software, doing this exercise by hand is encouraged so that you 

learn how the methods actually work. 

 

6. Based on the maps you created, discuss the most important characteristics (either positive 

or negative) of each classification method. 

 

Equal intervals based on range: 

 

Equal intervals not based on range: 

 

Quantile breaks: 

 

 

Natural Breaks: 

 

 

 Which method of classification do you believe most accurately reflects the nature of the 

spatial pattern?  Why? 
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Chapter 3  

Descriptive Statistics and Graphics 
 

 

 

 

 

Major Goals and Objectives in this Chapter 

In Chapter 3 of An Introduction to Statistical Problem Solving in Geography you learned about 

the basic descriptive measures of central tendency, dispersion, and relative position along with 

the advantages and disadvantages of both.  You also learned about the advantages and 

disadvantages of different classification schemes and also how to construct a classification 

scheme for a particular set of data.  Finally, you were introduced to the modifiable area unit 

problem (MAUP) and the influences from: (a) impact of external boundary delineation, (b) the 

Modifiable Areal Unit Problem (MAUP), and (c) the spatial aggregation or scale problem. 

Problems and Exercises: 

For this exercise, we are going to analyze US Census data over the last 85 years, broken into 40 

year intervals (1930, 1970, and 2010).  The value of descriptive statistics in the geographic 

research process becomes apparent when comparing the same geographic variable over time.  

The data are found in the accompanying spreadsheet under the tab Chapter 3 – US Data. 

United States Data 

 

Select one of the three time-series variables from the United States state-level data set.  The three 

variables are: (a) Total Population; (b) Number of Farms; and (c) Percent Urban Population. 
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1. Compute the following descriptive statistics for each year in your data set: mean, 

standard deviation, variance, coefficient of variation, skewness, and kurtosis.  

Complete the following tables: 

 

Variable Selected: ________________________________ 

 

Summary table of Descriptive Statistics 

Year     1930    1970    2010 

Mean    ______  ______  _______ 

Standard Deviation  ______  ______  _______ 

Coefficient of variation ______  ______  _______ 

Skewness   ______  ______  _______ 

Kurtosis   ______  ______  _______ 

 

2. Describe how the mean, standard deviation, and variance have changed over time.  Pay 

particular attention to the fact that these are absolute descriptive measures, and that they 

are a direct function of the magnitude of the data.  

 

 

 

3.  Comparison of the relative descriptive measures, such as the coefficient of variation, 

skewness, and kurtosis, often allow meaningful geographic insights.  To observe the 

changes over time in these relative measures for your selected variable, construct a graph 

of the coefficient of variation for your selected variable.  Briefly explain the changes to 

over time to the data. 
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4. Using only the most recent date (2010) in the time series for your variable, classify the 

data using five equal intervals based on range.  This grouping method provides class 

intervals of uniform width with easily understood class break values.  It also permits 

calculation of weighted mean, standard deviation, variance, and coefficient of variation 

using the midpoint and frequencies of the class breaks (see tables 3.4, 3.8 to see how to 

compute the data).  Compare these statistics with the unweighted values you computed 

earlier: 

Variable selected ________________________________________ 

 

Summary Table of Descriptive Statistics 

 

Statistic Weighted 

Value 

Unweighted 

Value 

Mean  

 

 

Variance  

 

 

Coefficient of Variation  

 

 

 

5. Offer possible explanations for the differences between the weighted and unweighted 

values in the summary table: 
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 As discussed in Section 3.4 in the textbook, the Modifiable Area Unit Problem (MAUP) 

presents a challenge to geographers due to the changes in descriptive statistics based upon the 

boundary areas.  Using the information for Land in Farms calculate the mean, standard 

deviation, and coefficient of variation of the State and US Census Region summaries.  Refer to 

Table 3.11 in the textbook for an illustration of this using the Total Population values.   

 

6. Discuss the impact that the different levels of spatial aggregation have had on the 

underlying statistics. 

 

 

In addition to the boundary problem, the MAUP presents a challenge when grouping data based 

on different boundaries.  The data tab Chapter 3 – Snowfall and Precipitation in the 

accompanying spreadsheet list 98 US Cities along with their rainfall and snowfall totals.  Each 

city is also designated with one of three different zones for both the East/West (E,C,W) 

orientation and North/South orientation (N,C,S).  As an example, those cities designated “E” 

represent those locations that are in the eastern-most third longitude.  Similarly, those cities 

designated “N” represent those cities in the northern-most third longitude.   

 

7. For this example, compute the average and standard deviations of precipitation snowfall 

totals for each regional grouping.  What trends do you notice in the different zoning 

patterns? 

 

Grouping Average 

Precipitation 

Standard 

Deviation 

(Precipitation) 

Average 

Snowfall 

Standard 

Deviation 

(Snowfall) 

East-West Zone     

   Eastern most cities (E)     

   Central most cities (C)     

   Western most cities (W)     

North-South Zone     

   Northern most cities (N)     

   Central most cities (C)     

   Southern most cities (S)     

 

8.  Create a scattergram of the data with average precipitation as the X axis, and average 

snowfall as the Y axis. 


