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Course code: GEO 307 

Course title: Quantitative Techniques in Geography 

Course credit load: 2 Units 

 

Series 1: Foundations of Descriptive and Inferential Statistics in Geography 

 

Part 1 Introduction to Statistics in Geography 

• 1.1.1: Meaning and scope of statistics 
• 1.1.2: Importance of statistics in geographic research 
• 1.1.3: Types of statistics: descriptive and inferential 

Part 2 Descriptive Statistics in Geography 

• 1.2.1: Measures of central tendency (mean, median, mode) 
• 1.2.2: Measures of dispersion (range, variance, standard deviation) 
• 1.2.3: Graphical representation of data (charts, histograms, frequency 

polygons) 

Part 3 Inferential Statistics in Geography 

• 1.3.1: Concept of probability and sampling distributions 
• 1.3.2: Hypothesis testing basics 
• 1.3.3: Confidence intervals and significance levels 

Part 4 Linking Statistics to Geographic Problems 

• 1.4.1: Application of descriptive statistics to spatial data 
• 1.4.2: Application of inferential statistics to geographic research questions 
• 1.4.3: Simplifying complex world problems using statistical reasoning 

 

Introduction 

Statistics is often described as the language of research, and in geography it provides the 
tools to make sense of complex spatial realities. Imagine trying to explain patterns of urban 
growth or variations in rainfall without numbers, measures, or comparisons. It would be 
difficult to move beyond vague impressions. This Series sets the stage by introducing you 
to the foundations of descriptive and inferential statistics, which are essential for 
transforming raw geographic data into meaningful insights. 

The aim of this Series is to equip you with the ability to define, explain, and apply basic 
statistical techniques in geographic research. By the end, you should be able to analyse 
data systematically and evaluate spatial problems using both descriptive and inferential 
approaches. 
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We shall commence this Series by exploring the meaning, scope, and importance of 
statistics in geography, including the distinction between descriptive and inferential 
methods. Next, we will move into descriptive statistics, examining measures of central 
tendency, dispersion, and graphical representation of data. Following that, we will 
continue with inferential statistics, focusing on probability, hypothesis testing, and 
confidence intervals. Finally, we will wrap up by linking these statistical techniques directly 
to geographic problems, showing how they can simplify and clarify complex spatial issues. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define the meaning and scope of statistics in geography, 
• SLO 1.2 explain the distinction between descriptive and inferential statistics, 
• SLO 1.3 demonstrate the calculation and interpretation of measures of central 

tendency and dispersion, 
• SLO 1.4 apply graphical techniques to represent geographic data effectively, 
• SLO 1.5 analyse the role of probability, sampling distributions, and hypothesis 

testing in inferential statistics, 
• SLO 1.6 evaluate the use of confidence intervals and significance levels in 

geographic research, and 
• SLO 1.7 apply statistical reasoning to simplify and interpret complex geographic 

problems. 

 

1.1 Introduction to Statistics in Geography 

1.1.1 Meaning and scope of statistics 

Statistics is the science of collecting, organising, analysing, and interpreting data. In 
geography, statistics provides a systematic way of simplifying complex realities such as 
rainfall variability, migration flows, or urban growth. It enables geographers to move 
beyond descriptive impressions and instead present evidence in numerical form. The 
scope of statistics in geography ranges from basic description of data to advanced 
inferential techniques that allow predictions and testing of hypotheses. 

Fill in the blank: Statistics is the science of __________, organising, analysing, and 
interpreting data. 
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Figure 1.1: The statistical cycle in geographic research 

 
 

1.1.2 Importance of statistics in geographic research 

Geographic research refers to the systematic investigation of spatial phenomena. 
Statistics is vital in this process because it helps to summarise large datasets, identify 
patterns, and draw meaningful conclusions. For example, comparing rainfall across 
regions or analysing urban growth trends would be nearly impossible without statistical 
tools. Statistics therefore acts as a bridge between raw data and meaningful 
interpretation, allowing geographers to evaluate spatial problems with precision. 

Fill in the blank: Statistics helps geographers to __________ large datasets, identify 
patterns, and draw conclusions. 
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Field Practical Application Statistical Method 

Climatology 

Predicting future temperature shifts 
or rainfall patterns based on 

historical data. 

Time-series analysis & 
Trend projection 

Urban Planning 

Analyzing population density to 
determine where to build new 

hospitals or schools. 

Descriptive statistics & 
Demographic modeling 

Biogeography 

Mapping the spread of invasive 
species or the migration patterns of 

wildlife. 

Spatial autocorrelation 
(Moran's I) 

Economic 
Geography 

Examining the clustering of specific 
industries (like tech in Silicon 

Valley). 

Point pattern analysis & 
Location quotients 

Hydrology 

Calculating the probability of a "100-
year flood" occurring in a specific 

river basin. 
Probability distributions 

Health 
Geography 

Identifying "hotspots" of a disease 
outbreak to find a common source 

of infection. 
Cluster analysis 

Box 1.1: Selected examples of statistical applications in geography 

• Analysing rainfall variability across regions 
• Measuring population density and growth 
• Studying spatial distribution of health facilities 

 
 

1.1.3 Types of statistics: descriptive and inferential 

There are two broad categories of statistics. Descriptive statistics are methods used to 
summarise and present data in a clear and understandable form. Examples include 
measures of central tendency such as mean, median, and mode, as well as measures of 
dispersion like range and standard deviation. Inferential statistics are techniques that 
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allow researchers to make generalisations or predictions about a population based on a 
sample. They include hypothesis testing, confidence intervals, and probability-based 
methods. 

Fill in the blank: __________ statistics are used to summarise data, while __________ 
statistics are used to make predictions. 

Feature Descriptive Statistics Inferential Statistics 

Goal To summarize and describe the 
characteristics of a specific dataset. 

To make predictions or 
generalizations about a 

population based on a sample. 

Data 
Scope 

Relates only to the actual data 
collected (the sample or population). 

Extends beyond the immediate 
data to the larger population. 

Main 
Tools 

Measures of Central Tendency (Mean, 
Median, Mode) and Dispersion 

(Range, Standard Deviation). 

Hypothesis testing, Confidence 
Intervals, and Regression 

Analysis. 

Result 
Presents a clear, factual snapshot 

(charts, graphs, tables). 
Provides a probability or "best 
guess" with a margin of error. 

Table 1.1: Comparison of descriptive and inferential statistics 

Pilot questions 1.1 

1. Which term refers to the science of collecting, organising, analysing, and 
interpreting data? 

2. Why is statistics important in geographic research? 
3. What is the difference between descriptive and inferential statistics? 
4. Give one example of descriptive statistics and one example of inferential statistics. 
5. Fill in the blank: Inferential statistics allow researchers to make __________ about a 

population based on a sample. 
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1.2 Descriptive Statistics in Geography 

1.2.1 Measures of central tendency 

Measures of central tendency are statistical tools used to identify the central or typical 
value in a dataset. The three most common measures are the mean (the arithmetic 
average of all values), the median (the middle value when data are arranged in order), and 
the mode (the most frequently occurring value). In geography, these measures help to 
summarise large datasets such as rainfall records, population figures, or income levels. 
For example, the mean annual rainfall of a region provides a single figure that represents 
the overall climate condition. 

Fill in the blank: The __________ is the most frequently occurring value in a dataset. 

 
Figure 1.2: Measures of central tendency on a distribution curve 

 
 

1.2.2 Measures of dispersion 

Measures of dispersion describe the spread or variability of data around the central 
tendency. Common measures include the range (difference between the highest and 
lowest values), variance (average of squared deviations from the mean), and standard 
deviation (square root of variance, showing average deviation from the mean). In 
geography, dispersion helps to explain how evenly or unevenly phenomena are distributed. 
For instance, two towns may have the same mean income, but if one has a higher standard 
deviation, it indicates greater inequality among residents. 

Fill in the blank: The __________ is the square root of variance and shows average deviation 
from the mean. 

Measure Definition Example in geography 
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Range Highest value minus lowest value Temperature variation in a 
city 

Variance Average of squared deviations from 
the mean 

Rainfall variability across 
regions 

Standard 
deviation 

Square root of variance Income inequality in towns 

Table 1.2: Comparison of measures of dispersion 

1.2.3 Graphical representation of data 

Graphical representation of data refers to the use of visual tools such as charts, 
histograms, and frequency polygons to present information clearly. Graphs make it easier 
to identify patterns, trends, and anomalies in geographic data. For example, a histogram 
can show the distribution of household sizes in a community, while a line graph can 
illustrate rainfall trends over several years. Visualisation is particularly important in 
geography because it allows spatial and temporal patterns to be communicated 
effectively. 

Fill in the blank: A __________ is a type of graph that shows the distribution of data using 
bars. 

 
Plate 1.1: Common graphical methods for representing geographic data 

 
 

Pilot questions 1.2 

1. Which measure of central tendency is the arithmetic average of all values? 
2. What does the standard deviation indicate about a dataset? 
3. Give one example of how measures of dispersion are applied in geography. 
4. Which graphical method is best suited to show rainfall trends over time? 
5. Fill in the blank: The __________ is the difference between the highest and lowest 

values in a dataset. 
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1.3 Inferential Statistics in Geography 

1.3.1 Concept of probability and sampling distributions 

Probability is the measure of the likelihood that a particular event will occur. In geography, 
probability helps researchers estimate the chances of phenomena such as rainfall 
exceeding a certain level or a household being located within a flood-prone zone. 
Sampling distributions refer to the probability distribution of a statistic, such as the 
mean, derived from repeated samples of a population. They provide the foundation for 
making inferences about larger populations from smaller samples. 

Fill in the blank: __________ is the measure of the likelihood that a particular event will 
occur. 

 
Figure 1.3: Population, sample, and sampling distribution in inferential statistics 

 
 

1.3.2 Hypothesis testing basics 

Hypothesis testing is a statistical procedure used to evaluate assumptions about a 
population based on sample data. A hypothesis is a statement that can be tested, such as 
“urban areas have higher average incomes than rural areas.” The process involves setting 
up a null hypothesis (no difference or effect) and an alternative hypothesis (a difference 
or effect exists). Using statistical tests, researchers determine whether the evidence 
supports rejecting the null hypothesis. In geography, hypothesis testing can be applied to 
questions such as whether rainfall patterns differ significantly between two regions. 

Fill in the blank: The __________ hypothesis states that there is no difference or effect in the 
population. 

   1. State the null and alternative hypotheses 

   2. Choose a significance level 

   3. Select an appropriate statistical test 

   4. Calculate the test statistic 
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   5. Make a decision to reject or accept the null hypothesis 

Box 1.2: Steps in hypothesis testing 

    

1.3.3 Confidence intervals and significance levels 

A confidence interval is a range of values, derived from sample data, that is likely to 
contain the true population parameter. For example, a 95 per cent confidence interval for 
mean household income suggests that the true mean lies within that range 95 times out of 
100. Significance level refers to the probability of rejecting the null hypothesis when it is 
actually true, often set at 0.05 (5 per cent). In geography, confidence intervals and 
significance levels help researchers evaluate the reliability of their findings, such as 
estimating the average travel time to health facilities with a specified level of certainty. 

Fill in the blank: A __________ interval is a range of values likely to contain the true 
population parameter. 

Concept Definition Example in geography 

Confidence 
interval 

Range likely to contain true 
parameter 

Average household income 
estimate 

Significance level Probability of rejecting a true null 
hypothesis 

Rainfall difference test at 5% 
level 

Table 1.3: Confidence intervals and significance levels in practice 

Pilot Questions 1.3 

1. What is probability used for in geographic research? 

2. Define sampling distribution in simple terms. 

3. What is the difference between a null hypothesis and an alternative hypothesis? 

4. At what significance level is a null hypothesis commonly tested? 

5. Fill in the blank: A 95 per cent __________ interval suggests that the true mean lies 
within the range 95 times out of 100. 

 

1.4 Linking Statistics to Geographic Problems 

1.4.1 Application of descriptive statistics to spatial data 

Descriptive statistics are particularly useful in summarising spatial data. For example, 
measures of central tendency such as the mean can be used to describe the average 
rainfall in a region, while measures of dispersion such as the standard deviation can show 
how variable rainfall is across different locations. Graphical methods like histograms and 
frequency polygons can illustrate the distribution of population densities or land use types. 
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These tools allow geographers to present complex spatial information in a simplified and 
accessible form. 

Fill in the blank: A __________ can be used to illustrate the distribution of population 
densities in a region. 

 
Figure 1.4: Histogram illustrating population density distribution 

 
 

1.4.2 Application of inferential statistics to geographic research questions 

Inferential statistics enable geographers to make predictions and test hypotheses about 
spatial phenomena. For instance, hypothesis testing can be used to determine whether 
urban areas have significantly higher average incomes than rural areas. Confidence 
intervals can estimate the average travel time to health facilities with a specified level of 
certainty. Probability models can predict the likelihood of flooding in certain zones. These 
applications allow geographers to move beyond description and towards explanation and 
prediction. 

Fill in the blank: Inferential statistics allow researchers to make __________ about 
populations based on sample data. 

Inferential Statistics in Geography 
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• Predicting Urban Growth: Using regression analysis to determine how current 
population density and infrastructure predicts future urban sprawl in a 
metropolitan area. 

• Climate Modeling: Applying significance testing to determine if a recorded 
increase in regional rainfall over 20 years is a statistically significant trend or just 
random natural variation. 

• Public Health Mapping: Utilizing spatial autocorrelation (like Moran’s I) to infer 
whether clusters of a disease are occurring by chance or are linked to 
environmental factors like water sources. 

• Agricultural Yields: Using confidence intervals to estimate the total crop output 
of a country based on soil quality and moisture samples taken from a few 
hundred test plots. 

• Demographic Shifts: Conducting Chi-square tests to see if there is a significant 
relationship between proximity to public transit and the socioeconomic status of 
residents in different neighborhoods. 

Box 1.3: Examples of inferential statistics in geography 

• Testing differences in rainfall between coastal and inland regions 

• Estimating average commuting times with confidence intervals 

• Predicting flood risk using probability models 
 
 

1.4.3 Simplifying complex world problems using statistical reasoning 

Statistical reasoning refers to the logical process of using statistical methods to interpret 
data and draw conclusions. In geography, this reasoning helps to simplify complex world 
problems such as climate change, urbanisation, or resource distribution. By breaking 
down large datasets into manageable summaries and testing hypotheses, geographers 
can provide evidence-based solutions. For example, statistical analysis of temperature 
records can reveal long-term climate trends, while population statistics can inform urban 
planning policies. 

Fill in the blank: Statistical reasoning helps geographers to __________ complex world 
problems into manageable summaries. 

Complex problem Statistical approach Simplified outcome 

Climate change Time-series analysis of 
temperature 

Identification of warming 
trends 

Urbanisation Population growth statistics Forecast of urban expansion 
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Resource 
distribution 

Measures of inequality Evaluation of access 
disparities 

Table 1.4: Examples of complex problems simplified by statistics 

Pilot Questions 1.4 

1. Which descriptive statistic can show variability in rainfall across regions? 

2. Give one example of how inferential statistics can be applied in geography. 

3. What does statistical reasoning help geographers achieve when dealing with 
complex problems? 

4. Fill in the blank: Confidence intervals provide a __________ of values likely to contain 
the true population parameter. 

5. Which statistical tool can be used to predict flood risk in certain zones? 

 

Series Summary 

This Series has introduced you to the foundations of descriptive and inferential statistics in 
geography, highlighting their importance in simplifying complex spatial problems and 
supporting evidence-based research. Starting off, we examined the meaning and scope of 
statistics and discussed why they are essential in geographic investigations. We then 
moved into descriptive statistics, where you explored measures of central tendency and 
dispersion, as well as graphical methods for presenting data. Following that, we 
considered inferential statistics, focusing on probability, sampling distributions, 
hypothesis testing, confidence intervals, and significance levels. Finally, we linked these 
statistical techniques directly to geographic problems, showing how they can be applied to 
interpret and simplify real-world issues. 

By completing this Series, you should now be able to define the scope of statistics in 
geography, explain the distinction between descriptive and inferential methods, 
demonstrate calculations of central tendency and dispersion, apply graphical techniques 
to represent data, analyse probability and hypothesis testing, evaluate confidence 
intervals and significance levels, and apply statistical reasoning to geographic problems. 
These outcomes align with the Series Learning Outcomes and provide you with a strong 
foundation for applying quantitative techniques in your future geographic research. 

 

Glossary of Terms 
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• Alternative hypothesis: A statement in hypothesis testing that suggests there is a 
difference or effect in the population. 

• Confidence interval: A range of values, derived from sample data, that is likely to 
contain the true population parameter. 

• Descriptive statistics: Methods used to summarise and present data clearly, such 
as averages, measures of spread, and graphs. 

• Dispersion: The degree to which data values are spread out around the central 
tendency, measured by range, variance, or standard deviation. 

• Inferential statistics: Techniques that allow researchers to make predictions or 
generalisations about a population based on sample data. 

• Mean: The arithmetic average of all values in a dataset, calculated by dividing the 
sum of values by the number of values. 

• Median: The middle value in a dataset when the values are arranged in order. 
• Mode: The most frequently occurring value in a dataset. 
• Null hypothesis: A statement in hypothesis testing that assumes there is no 

difference or effect in the population. 
• Probability: The measure of how likely it is that a particular event will occur. 
• Range: The difference between the highest and lowest values in a dataset. 
• Sampling distribution: The probability distribution of a statistic, such as the mean, 

obtained from repeated samples of a population. 
• Significance level: The probability of rejecting the null hypothesis when it is 

actually true, often set at 5 per cent. 
• Standard deviation: A measure of dispersion that shows the average amount by 

which values differ from the mean. 
• Statistical reasoning: The logical process of using statistical methods to interpret 

data and draw conclusions. 
• Statistics: The science of collecting, organising, analysing, and interpreting data. 

 

Concept Check Questions  

Objective Questions 

1. Define statistics in one sentence. (Linked to SLO 1.1) 
2. Which measure of central tendency is the arithmetic average of all values? (Linked 

to SLO 1.3) 
3. Fill in the blank: __________ statistics are used to summarise data, while __________ 

statistics are used to make predictions. (Linked to SLO 1.2) 
4. What is the probability of rejecting a true null hypothesis called? (Linked to SLO 1.6) 
5. Which graphical method uses bars to show the distribution of data? (Linked to SLO 

1.4) 

Short-Answer Questions 
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6. Explain why statistics is important in geographic research. (Linked to SLO 1.1) 
7. Demonstrate how to calculate the range of a dataset using rainfall figures. (Linked 
to SLO 1.3) 
8. Apply graphical techniques to show how household sizes can be represented 
visually. (Linked to SLO 1.4) 
9. Analyse the difference between a null hypothesis and an alternative hypothesis. 
(Linked to SLO 1.5) 
10. Evaluate the usefulness of confidence intervals in estimating average travel times to 
health facilities. (Linked to SLO 1.6) 

Long-Answer Questions 

11. Discuss the role of descriptive statistics in simplifying spatial data, using examples 
from population studies. (Linked to SLO 1.3 & SLO 1.4) 
12. Explain how inferential statistics can be applied to test geographic research 
questions, such as differences in rainfall between two regions. (Linked to SLO 1.5 & SLO 
1.6) 
13. Apply statistical reasoning to demonstrate how complex problems like urbanisation 
or climate change can be simplified for geographic analysis. (Linked to SLO 1.7) 

 

Answers to Concept Check Questions  

Objective Questions 

1. Statistics is the science of collecting, organising, analysing, and interpreting data. 
2. Mean. 
3. Descriptive; inferential. 
4. Significance level. 
5. Histogram. 

Short-Answer Questions 

6. Statistics is important because it allows geographers to summarise large datasets, 
identify patterns, and draw meaningful conclusions about spatial phenomena. 
7. Range is calculated by subtracting the lowest rainfall figure from the highest rainfall 
figure in the dataset. 
8. Household sizes can be represented using a histogram or bar chart, which shows 
the frequency of each household size category. 
9. A null hypothesis assumes no difference or effect, while an alternative hypothesis 
suggests a difference or effect exists. 
10. Confidence intervals are useful because they provide a range of values within which 
the true average travel time is likely to fall, giving researchers a measure of reliability. 
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Long-Answer Questions 

11. Basic response: Descriptive statistics summarise spatial data by providing averages 
and measures of spread. For example, mean population density gives a single figure that 
represents the overall distribution. 
Value-added response: Beyond averages, descriptive statistics allow comparisons across 
regions, highlight inequalities, and provide visual insights through graphs, which are 
essential for policy-making and planning. 
12. Basic response: Inferential statistics test hypotheses about spatial phenomena. For 
example, they can determine whether rainfall differs significantly between coastal and 
inland regions. 
Value-added response: Inferential methods also allow predictions about future trends, 
such as estimating the probability of drought, and they provide tools for evaluating the 
reliability of findings through confidence intervals and significance testing. 
13. Basic response: Statistical reasoning simplifies complex problems by breaking 
them into measurable components, such as analysing temperature records to identify 
climate trends. 
Value-added response: Outstanding learners may extend this by integrating multiple 
datasets, applying advanced models, and linking statistical findings to broader socio-
economic or environmental policies, thereby offering holistic solutions to global 
challenges. 

 

Answers to Pilot Questions  

Part 1: Introduction to Statistics in Geography 

1. Statistics. 
2. To summarise large datasets, identify patterns, and draw meaningful conclusions. 
3. Descriptive statistics summarise data; inferential statistics make predictions. 
4. Descriptive: mean; Inferential: hypothesis testing. 
5. Generalisations. 

Part 2: Descriptive Statistics in Geography 

1. Mean. 
2. It indicates the average amount by which values differ from the mean. 
3. Example: Using standard deviation to show income inequality between towns. 
4. Line graph. 
5. Range. 

Part 3: Inferential Statistics in Geography 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

1. Estimating likelihoods of geographic phenomena, such as rainfall or flooding. 
2. The distribution of a statistic (like the mean) from repeated samples of a population. 
3. Null hypothesis assumes no difference; alternative hypothesis suggests a 

difference exists. 
4. 0.05 (5 per cent). 
5. Confidence interval. 

Part 4: Linking Statistics to Geographic Problems 

1. Standard deviation. 
2. Example: Hypothesis testing to compare rainfall between coastal and inland 

regions. 
3. It helps break down complex problems into manageable summaries for 

interpretation. 
4. Range. 
5. Probability models. 

 

References and Attributions 

This section compiles all references, illustration sources, and attributions used or 
suggested in Series 1: Foundations of Descriptive and Inferential Statistics in 
Geography. References are presented in APA style for clarity and consistency. 

General References 

• Bluman, A. G. (2018). Elementary Statistics: A Step by Step Approach. McGraw-Hill 
Education. 

• Gregory, D., Johnston, R., Pratt, G., Watts, M., & Whatmore, S. (2009). The 
Dictionary of Human Geography (5th ed.). Wiley-Blackwell. 

• OpenStax. (2019). Introductory Statistics. Rice University. Retrieved from 
https://openstax.org/books/introductory-statistics (openstax.org in Bing) 

Illustrations 

Figure 1.1: The statistical cycle in geographic research 

• Attribution: AI-generated using Copilot image generation. 
• Prompt: “Generate a simple diagram showing the cycle of statistics: data 

collection, organisation, analysis, interpretation.” 
• Suggested OER search string: “statistical process cycle diagram open educational 

resource.” 
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Box 1.1: Selected examples of statistical applications in geography 

• Attribution: AI-generated text box using Copilot formatting. 
• Prompt: “Create a text box listing examples of how statistics is applied in 

geography.” 
• Suggested OER search string: “applications of statistics in geography open 

educational resource.” 

Table 1.1: Comparison of descriptive and inferential statistics 

• Attribution: AI-generated table using Copilot formatting. 
• Prompt: “Generate a simple comparison table showing descriptive vs inferential 

statistics with examples.” 
• Suggested OER search string: “descriptive vs inferential statistics table open 

educational resource.” 

Figure 1.2: Measures of central tendency on a distribution curve 

• Attribution: AI-generated using Copilot image generation. 
• Prompt: “Generate a diagram showing mean, median, and mode on a bell-shaped 

curve.” 
• Suggested OER search string: “mean median mode distribution diagram open 

educational resource.” 

Table 1.2: Comparison of measures of dispersion 

• Attribution: AI-generated table using Copilot formatting. 
• Prompt: “Generate a comparison table showing range, variance, and standard 

deviation with geographic examples.” 
• Suggested OER search string: “measures of dispersion table open educational 

resource.” 

Plate 1.1: Common graphical methods for representing geographic data 

• Attribution: AI-generated using Copilot image generation. 
• Prompt: “Generate an image showing bar chart, histogram, line graph, and 

frequency polygon side by side.” 
• Suggested OER search string: “types of graphs statistics geography open 

educational resource.” 

Figure 1.3: Population, sample, and sampling distribution in inferential statistics 

• Attribution: AI-generated using Copilot image generation. 
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• Prompt: “Generate a diagram showing population, sample, and sampling 
distribution with arrows connecting them.” 

• Suggested OER search string: “sampling distribution diagram open educational 
resource.” 

Box 1.2: Steps in hypothesis testing 

• Attribution: AI-generated text box using Copilot formatting. 
• Prompt: “Create a text box listing the five steps of hypothesis testing.” 
• Suggested OER search string: “steps in hypothesis testing open educational 

resource.” 

Table 1.3: Confidence intervals and significance levels in practice 

• Attribution: AI-generated table using Copilot formatting. 
• Prompt: “Generate a table comparing confidence intervals and significance levels 

with geographic examples.” 
• Suggested OER search string: “confidence interval significance level table open 

educational resource.” 

Figure 1.4: Histogram illustrating population density distribution 

• Attribution: AI-generated using Copilot image generation. 
• Prompt: “Generate a histogram showing population density distribution across 

districts.” 
• Suggested OER search string: “population density histogram geography open 

educational resource.” 

Box 1.3: Examples of inferential statistics in geography 

• Attribution: AI-generated text box using Copilot formatting. 
• Prompt: “Create a text box listing examples of inferential statistics applications in 

geography.” 
• Suggested OER search string: “inferential statistics applications geography open 

educational resource.” 

Table 1.4: Examples of complex problems simplified by statistics 

• Attribution: AI-generated table using Copilot formatting. 
• Prompt: “Generate a table showing complex geographic problems, statistical 

approaches, and simplified outcomes.” 
• Suggested OER search string: “statistical reasoning geography examples open 

educational resource.” 
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Course code: GEO 307 

Course title: Quantitative Techniques in Geography 

Course credit load: 2 Units 

Series 2: Parametric and Non-Parametric Approaches in Geographic Research 

Part 1: Introduction to Parametric and Non-Parametric Approaches 

• 2.1.1: Meaning of parametric approaches 

• 2.1.2: Meaning of non-parametric approaches 

• 2.1.3: Importance of both approaches in geographic research 

Part 2: Parametric and Non-Parametric Techniques in Geography 

• 2.2.1: Parametric techniques (t-tests, ANOVA, regression analysis) 

• 2.2.2: Non-parametric techniques (chi-square, Mann-Whitney U, Kruskal-Wallis, 
Spearman's correlation) 

Part 3: Choosing Between Parametric and Non-Parametric Approaches 

• 2.3.1: Assumptions and data requirements 

• 2.3.2: Advantages and limitations of each approach 

• 2.3.3: Guidelines for selecting appropriate methods in geographic research 

Part 4: Linking Approaches to Geographic Problems 

• 2.4.1: Applications of parametric methods in spatial analysis 

• 2.4.2: Applications of non-parametric methods in survey and categorical data 

• 2.4.3: Integrating both approaches for comprehensive geographic research 

 

Introduction 

In the last Series, we explored the foundations of descriptive and inferential statistics in 
geography, learning how to summarise data, test hypotheses, and apply statistical 
reasoning to spatial problems. Building on that foundation, this Series turns to parametric 
and non-parametric approaches, two broad families of statistical methods that provide 
geographers with powerful tools for analysing different types of data. Whether working with 
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continuous rainfall records or ranked survey responses, understanding these approaches 
ensures that you can select the most suitable method for your research. 

The aim of this Series is to equip you with the knowledge and skills to distinguish between 
parametric and non-parametric approaches, apply common techniques from each 
category, and make informed choices about which method best fits a given geographic 
problem. 

We shall commence this Series by introducing the meaning and importance of both 
parametric and non-parametric approaches. Next, we will examine key parametric 
techniques such as t-tests, ANOVA, and regression analysis, alongside non-parametric 
techniques including chi-square, Mann-Whitney U, Kruskal-Wallis, and Spearman's rank 
correlation. Following that, we will consider how to choose between the two approaches 
by evaluating assumptions, strengths, and limitations. Finally, we will conclude by linking 
these approaches to real-world geographic problems, showing how they can be integrated 
to provide comprehensive and reliable research outcomes. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1: Define parametric and non-parametric approaches and explain their 
importance in geographic research  

• SLO 2.2: Distinguish between parametric techniques (t-tests, ANOVA, regression) 
and non-parametric techniques (chi-square, Mann-Whitney U, Kruskal-Wallis, 
Spearman's correlation)  

• SLO 2.3: Apply appropriate parametric and non-parametric techniques to analyze 
geographic data  

• SLO 2.4: Evaluate the assumptions and data requirements for parametric and non-
parametric approaches  

• SLO 2.5: Assess the advantages and limitations of each approach in geographic 
research contexts  

• SLO 2.6: Integrate parametric and non-parametric approaches to address 
comprehensive geographic research questions 

 

2.1 Introduction to Parametric and Non-Parametric Approaches 

2.1.1 Meaning of parametric approaches 

Parametric approaches are statistical methods that rely on assumptions about the 
underlying distribution of data, most commonly the normal distribution. These methods 
use parameters such as the mean (the arithmetic average of values) and standard 
deviation (a measure of spread around the mean) to describe the population. In 
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geography, parametric approaches are applied when working with continuous data such 
as rainfall, temperature, or income levels, where distributional assumptions can 
reasonably be made. 

Fill in the blank: Parametric approaches assume that data follow a _____________ 
distribution. 

Feature Parametric Approaches Non-Parametric Approaches 

Data 
Distribution 

Assumes a Normal 
Distribution (Bell Curve). 

Distribution-Free; makes no 
assumptions about the shape. 

Data Level Interval or Ratio (e.g., precise 
temperature, distance). 

Nominal or Ordinal (e.g., land 
cover types, satisfaction ranks). 

Sample Size 
Best for larger, representative 

samples. 
Effective for small or highly 

skewed samples. 

Central 
Tendency 

Measures the Mean. Measures the Median. 

Statistical 
Power 

Higher power (more likely to 
find a significant effect). 

Slightly lower power; requires 
more data for the same certainty. 

Table 2.1: Comparison of parametric and non-parametric approaches  

 

2.1.2 Meaning of non-parametric approaches 

Non-parametric approaches are statistical methods that do not assume a specific 
distribution of data. They are particularly useful when dealing with ordinal data (data that 
can be ranked), categorical data (data grouped into categories), or small samples where 
distributional assumptions cannot be justified. In geography, non-parametric approaches 
are applied to phenomena such as ranking cities by livability, comparing land use 
categories, or analysing survey responses. 

Fill in the blank: Non-parametric approaches do not assume a specific _____________ of 
data. 
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Figure 2.1: Distribution assumptions in parametric vs non-parametric approaches  

 

2.1.3 Importance of both approaches in geographic research 

Both parametric and non-parametric approaches are essential in geography. Parametric 
methods provide powerful tools when assumptions about distribution are valid, allowing 
precise estimates and hypothesis testing. Non-parametric methods offer flexibility when 
data are irregular, categorical, or limited in size. Together, they ensure that geographers 
can analyse a wide range of spatial phenomena effectively. 

Fill in the blank: Parametric methods provide _____________ estimates when assumptions 
are valid, while non-parametric methods offer flexibility. 

Pilot Questions 2.1 

1. What type of distribution do parametric approaches usually assume? 

2. Give one example of a non-parametric application in geography. 
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3. Why are both parametric and non-parametric approaches important in geographic 
research? 

4. Fill in the blank: Non-parametric approaches are useful when dealing with 
_____________ data. 

5. Which approach is more flexible when data are irregular or categorical? 

 

2.2 Parametric and Non-Parametric Techniques in Geography 

2.2.1 Parametric techniques (t-tests, ANOVA, regression analysis) 

Parametric techniques rely on distributional assumptions and are powerful when those 
assumptions are met. The three most common parametric methods in geography are t-
tests, ANOVA, and regression analysis. 

A t-test is a parametric statistical method used to compare the means of two groups. An 
independent samples t-test compares the means of two unrelated groups, such as 
rainfall in two different regions. A paired samples t-test compares the means of the same 
group measured at two different times, such as household income before and after a 
policy intervention. These tests assume that the data are normally distributed and that 
variances are equal. 

Fill in the blank: An independent samples t-test compares the means of two _____________ 
groups. 

Analysis of variance (ANOVA) is a parametric technique used to compare the means of 
three or more groups. It tests whether differences among group means are statistically 
significant. In geography, ANOVA can be applied to compare average household incomes 
across multiple cities or rainfall levels across different climatic zones. ANOVA assumes 
normal distribution and equal variances across groups. 

Fill in the blank: ANOVA is used to compare the means of _____________ or more groups. 
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Figure 2.2: Parametric techniques (t-tests, ANOVA, regression) in geographic research  

Regression analysis is a parametric method used to examine the relationship between 
variables. A simple regression involves one independent variable predicting a dependent 
variable, such as rainfall predicting crop yield. A multiple regression involves two or more 
independent variables predicting a dependent variable, such as income, education, and 
distance predicting access to health facilities. Regression assumes linearity, normal 
distribution of residuals, and independence of observations. 

Fill in the blank: A simple regression involves one _____________ variable predicting a 
dependent variable. 
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Technique Purpose 
Geographical 

Application Example 
Typical Hypothesis 

t-test 
(Independent) 

Compares the 
means of two 

distinct groups. 

Comparing the 
average soil moisture 

levels between a 
north-facing slope 
and a south-facing 

slope. 

Is there a significant 
difference in 

moisture based on 
slope orientation? 

ANOVA 
(Analysis of 

Variance) 

Compares the 
means of three 
or more groups. 

Testing if crop yields 
differ significantly 

across four different 
types of fertilizer 
treatments in a 

region. 

Does at least one 
fertilizer type result 
in a different yield 
than the others? 

Simple Linear 
Regression 

Models the 
relationship 

between two 
continuous 
variables. 

Analyzing how 
temperature 

(independent) 
changes as elevation 

(dependent) 
increases. 

Can we predict the 
drop in temperature 

based on a 1,000-
meter increase in 

altitude? 

Multiple 
Regression 

Models the 
relationship 

between one 
outcome and 

multiple 
predictors. 

Predicting urban heat 
island intensity using 

building density, 
vegetation cover, and 

albedo. 

Which of these 
environmental 
factors has the 

strongest impact on 
city surface heat? 

Table 2.2: Applications of parametric techniques in geography  

2.2.2 Non-parametric techniques (chi-square, Mann-Whitney U, Kruskal-
Wallis, Spearman's correlation) 

Non-parametric techniques do not rely on distributional assumptions and are suitable for 
ordinal, ranked, or categorical data. The most common non-parametric methods in 
geography are chi-square, Mann-Whitney U, Kruskal-Wallis, and Spearman's rank 
correlation. 

The chi-square test is a non-parametric method used to examine the relationship 
between categorical variables. It compares observed frequencies with expected 
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frequencies to determine whether differences are statistically significant. In geography, 
chi-square can be applied to test whether land use categories are distributed evenly 
across districts or whether survey responses differ by region. 

Fill in the blank: The chi-square test compares observed frequencies with _____________ 
frequencies. 

The Mann-Whitney U test is a non-parametric alternative to the independent samples t-
test. It is used to compare differences between two independent groups when the data are 
ordinal or not normally distributed. For example, it can be applied to compare rankings of 
environmental quality between two cities. 

Fill in the blank: The Mann-Whitney U test is a non-parametric alternative to the 
_____________ samples t-test. 
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Figure 2.3: Non-parametric techniques (chi-square, Mann-Whitney U, Kruskal-Wallis, 
Spearman's) in geography  

The Kruskal-Wallis test is a non-parametric alternative to ANOVA. It is used to compare 
three or more independent groups when the data are ordinal or not normally distributed. In 
geography, Kruskal-Wallis can be applied to compare rankings of livability across multiple 
cities or satisfaction levels with public services across regions. 

Fill in the blank: The Kruskal-Wallis test is a non-parametric alternative to _____________. 

Spearman's rank correlation is a non-parametric method used to measure the strength 
and direction of association between two ranked variables. Unlike Pearson's correlation, it 
does not assume normal distribution. In geography, Spearman's rank correlation can be 
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applied to examine the relationship between city rankings for livability and environmental 
quality. 

Fill in the blank: Spearman's rank correlation measures the strength and direction of 
association between two _____________ variables. 

Table 2.3: Applications of non-parametric techniques in geography  

Pilot Questions 2.2 

1. What type of groups does an independent samples t-test compare? 

2. Give one example of how a paired samples t-test can be applied in geography. 

3. How many groups can ANOVA compare at once? 
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4. Fill in the blank: Regression analysis examines the _____________ between variables. 

5. What is the difference between simple and multiple regression? 

 

2.3 Choosing Between Parametric and Non-Parametric 
Approaches 

2.3.1 Assumptions and data requirements 

Every statistical method is built on certain assumptions. Parametric approaches assume 
that data follow a specific distribution, usually the normal distribution, and that 
parameters such as mean and variance are meaningful. They also require continuous data 
and often larger sample sizes. Non-parametric approaches, on the other hand, do not rely 
on distributional assumptions and can be applied to ordinal, ranked, or categorical data, 
as well as smaller samples. 

Fill in the blank: Parametric approaches usually require data that follow a _____________ 
distribution. 

Feature Parametric Approaches Non-Parametric Approaches 

Distribution 
Assumes a Normal Distribution 

(Bell Curve). 

Distribution-Free; makes no 
assumption about the shape 

of the data. 

Data Type 
Continuous (Interval or Ratio 

scale). 

Can handle Nominal 
(categories) or Ordinal (ranks) 

data. 

Sample Size 

Generally requires larger samples 
to satisfy the Central Limit 

Theorem. 

Effective with small sample 
sizes or highly irregular data. 

Variance 
Assumes Homoscedasticity 

(equal variance across groups). 

Does not require equal 
variance (can handle "noisy" 

data). 

Statistical 
Power 

More powerful; more likely to find a 
significant effect if one exists. 

Less powerful; requires a 
larger effect to reach 

significance. 
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Feature Parametric Approaches Non-Parametric Approaches 

Common 
Tests 

t-test, ANOVA, Pearson’s $r$. Mann-Whitney U, Kruskal-
Wallis, Spearman’s $\rho$. 

 Table 2.4: Assumptions and data requirements for parametric and non-parametric 
approaches  

 

2.3.2 Advantages and limitations of each approach 

Both approaches have strengths and weaknesses. Parametric methods are powerful when 
assumptions are met, offering precise estimates and efficient hypothesis testing. 
However, they can give misleading results if assumptions are violated. Non-parametric 
methods are more flexible, suitable for irregular or categorical data, and robust against 
violations of assumptions. Their limitation is that they may be less powerful and provide 
less detailed information compared to parametric methods. 

Fill in the blank: Non-parametric methods are more _____________ when data are irregular 
or categorical. 
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Figure 2.4: Decision tree for choosing between parametric and non-parametric 
approaches  

 

2.3.3 Guidelines for selecting appropriate methods in geographic 
research 

Choosing between parametric and non-parametric approaches depends on the type of 
data, sample size, and whether assumptions can reasonably be met. If data are 
continuous, normally distributed, and sample sizes are large, parametric methods are 
preferred. If data are ordinal, categorical, or assumptions are doubtful, non-parametric 
methods are more appropriate. In practice, geographers often use both approaches 
complementarily, depending on the research question and dataset. 
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Fill in the blank: Parametric methods are preferred when data are continuous and 
_____________ distributed. 

Pilot Questions 2.3 

1. What type of distribution do parametric approaches assume? 

2. Give one limitation of parametric methods. 

3. Fill in the blank: Non-parametric methods are more _____________ when data are 
irregular. 

4. What factors should guide the choice between parametric and non-parametric 
approaches? 

5. Which approach is more suitable for ordinal or categorical data? 

 

2.4 Linking Approaches to Geographic Problems 

2.4.1 Applications of parametric methods in spatial analysis 

Parametric methods are particularly useful in spatial analysis when data meet the 
required assumptions. For example, regression analysis can be applied to examine how 
rainfall influences crop yield across regions, while ANOVA can compare average 
household incomes across multiple cities. These methods provide precise estimates and 
allow geographers to test hypotheses about spatial phenomena. 

Fill in the blank: ANOVA can be used to compare average household incomes across 
_____________ cities. 
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Figure 2.5: Regression analysis applied to rainfall and crop yield  

2.4.2 Applications of non-parametric methods in survey and categorical data 

Non-parametric methods are valuable when dealing with categorical or ordinal data. For 
instance, the chi-square test can be used to analyse whether land use categories are 
evenly distributed across districts. Spearman’s rank correlation can examine the 
relationship between city rankings for livability and environmental quality. These methods 
are flexible and robust, especially when assumptions about distribution cannot be met. 

Fill in the blank: Spearman’s rank correlation is useful for examining the relationship 
between two _____________ variables. 
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Table 2.5: Integrated parametric and non-parametric approaches in geographic research  

 

2.4.3 Integrating both approaches for comprehensive geographic 
research 

In practice, geographers often integrate both parametric and non-parametric approaches 
to achieve comprehensive results. For example, parametric regression may be used to 
model continuous variables such as rainfall, while non-parametric chi-square tests may 
be applied to categorical variables such as land use. Combining both approaches allows 
researchers to address diverse data types and produce more reliable insights into complex 
geographic problems. 
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Fill in the blank: Geographers often integrate both approaches to achieve _____________ 
results in research. 

Pilot Questions 2.4 

1. Give one example of how parametric methods can be applied in spatial analysis. 

2. Which non-parametric test can be used to analyse land use categories? 

3. Fill in the blank: Spearman's rank correlation examines the relationship between 
two _____________ variables. 

4. Why might geographers integrate both parametric and non-parametric approaches? 

5. Provide one example of combining both approaches in a single geographic study. 

 

Series Summary 

This Series has introduced you to parametric and non-parametric approaches, two 
essential families of statistical methods in geographic research. We began by defining both 
approaches: parametric methods assume normal distribution and use parameters like 
mean and standard deviation for continuous data, while non-parametric methods make no 
distributional assumptions and suit ordinal, ranked, or categorical data. 

We then explored key techniques from each family. Parametric techniques such as t-tests, 
ANOVA, and regression analysis were presented alongside non-parametric techniques 
including chi-square tests, Mann-Whitney U, Kruskal-Wallis, and Spearman's rank 
correlation. Next, we examined how to choose between these approaches based on data 
type, assumptions, sample size, and research objectives. Finally, we demonstrated how 
both approaches can be integrated to address complex geographic problems effectively. 

By completing this Series, you should now be able to define and distinguish between 
parametric and non-parametric approaches, apply common techniques from each 
category, evaluate their assumptions and limitations, and integrate both approaches 
strategically in geographic research. These competencies align with the Series Learning 
Outcomes and provide you with a versatile analytical toolkit for quantitative geography. 

 

Glossary of Terms 

ANOVA (Analysis of Variance): A parametric statistical technique used to compare the 
means of three or more groups to determine whether differences among them are 
statistically significant. 

Assumptions: The underlying conditions that must be met for a statistical method to 
produce valid results, such as normality of distribution or equality of variances. 

Categorical data: Data that are grouped into distinct categories or classes, such as land 
use types, gender, or facility types, rather than measured on a continuous scale. 
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Chi-square test: A non-parametric statistical method used to examine the relationship 
between categorical variables by comparing observed frequencies with expected 
frequencies. 

Continuous data: Data measured on a scale where values can take any number within a 
range, such as temperature, rainfall, or income. 

Independent samples t-test: A parametric statistical method used to compare the means 
of two unrelated or independent groups, such as rainfall in two different regions. 

Inferential statistics: Statistical methods used to make generalisations, predictions, or 
test hypotheses about a population based on sample data. 

Kruskal-Wallis test: A non-parametric alternative to ANOVA used to compare three or 
more independent groups when data are ordinal or not normally distributed. 

Mann-Whitney U test: A non-parametric alternative to the independent samples t-test, 
used to compare differences between two independent groups when data are ordinal or 
not normally distributed. 

Mean: The arithmetic average of a dataset, calculated by dividing the sum of all values by 
the number of observations. 

Multiple regression: A parametric statistical method that examines the relationship 
between a dependent variable and two or more independent variables simultaneously. 

Non-parametric approaches: Statistical methods that do not assume a specific 
distribution of data and can be applied to ordinal, ranked, or categorical data. 

Normal distribution: A bell-shaped probability distribution that is symmetrical around the 
mean, commonly assumed in parametric statistical methods. 

Ordinal data: Data that can be ranked or ordered but where the intervals between values 
are not necessarily equal, such as satisfaction ratings or city livability rankings. 

Paired samples t-test: A parametric statistical method used to compare the means of the 
same group measured at two different times or under two different conditions. 

Parameters: Statistical measures such as mean and standard deviation that describe 
characteristics of a population. 

Parametric approaches: Statistical methods that rely on assumptions about the 
underlying distribution of data, most commonly the normal distribution, and use 
parameters to describe populations. 

Regression analysis: A parametric statistical technique used to examine the relationship 
between a dependent variable and one or more independent variables, often used for 
prediction and explanation. 

Simple regression: A parametric statistical method that examines the relationship 
between one independent variable and a dependent variable. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Spearman's rank correlation: A non-parametric method used to measure the strength 
and direction of association between two ranked or ordinal variables. 

Standard deviation: A measure of dispersion that shows the average distance of values 
from the mean in a dataset, indicating how spread out the data are. 

Statistical power: The ability of a statistical test to detect a true effect or difference when 
it exists, with parametric methods generally having greater power when assumptions are 
met. 

t-test: A parametric statistical method used to compare means, either between two 
groups (independent samples t-test) or within the same group at different times (paired 
samples t-test). 

Variance: A measure of dispersion that calculates the average squared deviation of values 
from the mean, indicating variability in a dataset. 

 

Concept Check Questions 2 

Objective Questions 

1. Which of the following is a key assumption of parametric approaches? a. Data must 
be categorical b. Data must follow a normal distribution c. Sample size must be 
small d. Data cannot be continuous (Linked to SLO 2.1) 

2. The Mann-Whitney U test is a non-parametric alternative to which parametric test? 
a. ANOVA b. Regression analysis c. Independent samples t-test d. Paired samples t-
test (Linked to SLO 2.2) 

3. Fill in the blank: ANOVA is used to compare the means of __________ or more 
groups. (Linked to SLO 2.2) 

4. Which non-parametric test is most appropriate for examining the relationship 
between two categorical variables? a. Mann-Whitney U test b. Chi-square test c. 
Kruskal-Wallis test d. Spearman's rank correlation (Linked to SLO 2.2) 

5. Fill in the blank: Non-parametric methods are more __________ when data are 
irregular or categorical. (Linked to SLO 2.5) 

Short-Answer Questions 

6. Explain the main difference between parametric and non-parametric approaches in 
geographic research. (Linked to SLO 2.1) 

7. Describe how a paired samples t-test could be applied in a geographic study, 
providing a specific example. (Linked to SLO 2.3) 

8. Explain how the Kruskal-Wallis test would be applied to compare livability rankings 
across five cities. (Linked to SLO 2.3) 
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9. Identify three key assumptions that must be met when using ANOVA in geographic 
research. (Linked to SLO 2.4) 

10. Explain when Spearman's rank correlation would be more appropriate than 
Pearson's correlation in analyzing geographic data. (Linked to SLO 2.2 and SLO 2.4) 

Long-Answer Questions 

11. Discuss why choosing the appropriate statistical approach is important in 
geographic research. Compare contexts where parametric methods are most appropriate 
versus contexts where non-parametric methods are best suited. (Linked to SLO 2.4 and 
SLO 2.5) 

12. Analyze how parametric and non-parametric approaches could be integrated in a 
comprehensive study examining healthcare access in urban and rural areas. Provide 
specific examples of which techniques would be applied to different aspects of the 
research. (Linked to SLO 2.3 and SLO 2.6) 

13. Evaluate the advantages and limitations of parametric versus non-parametric 
approaches in geographic research. Under what circumstances should a geographer 
prioritize one approach over the other? (Linked to SLO 2.5 and SLO 2.6) 

 

Answers to Concept Check Questions 2 

Objective Questions 

1. b. Data must follow a normal distribution 

2. c. Independent samples t-test 

3. Three 

4. b. Chi-square test 

5. Flexible (or robust) 

Short-Answer Questions 

6. The main difference is that parametric approaches assume data follow a specific 
distribution (usually normal) and rely on parameters like mean and variance, while non-
parametric approaches do not make distributional assumptions and can be used with 
ordinal, ranked, or categorical data. 

7. A paired samples t-test could be applied to compare household income in the same 
geographic area before and after a policy intervention (e.g., minimum wage increase). Data 
would be collected from the same households at two time points, and the t-test would 
determine if the mean income difference is statistically significant. 

8. The Kruskal-Wallis test would be applied by first ranking livability scores across all 
five cities, then testing whether the distribution of ranks differs significantly among cities. 
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This non-parametric approach is appropriate when livability data are ordinal or when 
assumptions for ANOVA cannot be met. 

9. Key assumptions for ANOVA include: (1) data are normally distributed within each 
group, (2) variances are approximately equal across groups (homogeneity of variance), (3) 
observations are independent, and (4) the dependent variable is measured on a 
continuous scale. Violation of these assumptions may lead to inaccurate results. 

10. Spearman's rank correlation is more appropriate than Pearson's when: (1) data are 
ordinal or ranked rather than continuous, (2) the relationship between variables is 
monotonic but not necessarily linear, (3) data contain outliers that would distort Pearson's 
correlation, or (4) distributional assumptions for Pearson's correlation cannot be met. For 
example, when examining the relationship between city rankings for livability and pollution 
levels. 

Long-Answer Questions 

11. Basic response: Choosing the appropriate approach is important because using 
the wrong method can lead to inaccurate conclusions. Parametric approaches are most 
appropriate when data are continuous, normally distributed, and assumptions are met—
such as using regression to analyze rainfall and crop yield. Non-parametric approaches are 
best when data are ordinal, categorical, or assumptions are violated—such as using chi-
square to analyze land use distribution. 

Value-added response: Outstanding learners recognize that the choice also 
affects statistical power and precision. Parametric methods offer greater power to 
detect effects when assumptions hold, but produce misleading results on 
unsuitable data. Non-parametric methods sacrifice some power for robustness. 
The choice depends on research objectives: parametric methods better estimate 
effect sizes, while non-parametric methods excel at hypothesis testing with 
minimal assumptions. 

12. Basic response: In a healthcare access study, regression analysis could examine 
how continuous variables (distance, income) predict clinic visits, while chi-square tests 
could analyze categorical variables like facility type usage across urban and rural areas. 
Both methods together provide comprehensive insights. 

Value-added response: Outstanding learners would integrate methods 
strategically: use chi-square to test facility distribution patterns across areas, apply 
multiple regression to predict utilization based on distance and income, and use 
Mann-Whitney U to compare satisfaction rankings. This reveals categorical 
associations, continuous relationships, and experiential differences 
comprehensively. 

13. Basic response: Parametric methods have advantages of greater precision and 
power when assumptions are met, but produce misleading results when violated. Non-
parametric methods offer flexibility and robustness but have less power. Geographers 
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should prioritize parametric methods when data quality is high and assumptions met, or 
non-parametric methods when data are ordinal, categorical, or assumptions doubtful. 

Value-added response: Outstanding learners consider strategic factors beyond 
assumptions: non-parametric methods may be preferred for transparency with 
non-statistical audiences or exploratory research; parametric methods when effect 
size estimation is crucial or controlling for confounders. Modern robust alternatives 
(e.g., Welch's t-test) sometimes bridge both approaches effectively. 

 

Answers to Pilot Questions 

Part 1: Introduction to Parametric and Non-Parametric Approaches 

1. Normal distribution. 

2. Examples include: ranking cities by livability, comparing land use categories, 
analysing survey responses (any one acceptable). 

3. Because they enable geographers to analyse different types of data—parametric 
methods for continuous data when assumptions are met, and non-parametric 
methods for ordinal, categorical, or irregular data. 

4. Ordinal (or categorical, or ranked—any acceptable). 

5. Non-parametric approaches. 

Part 2: Parametric and Non-Parametric Techniques in Geography 

1. Two independent (or unrelated) groups. 

2. Comparing household income in the same area before and after a policy 
intervention (or similar temporal comparison example). 

3. Three or more groups. 

4. Relationship. 

5. Simple regression uses one independent variable to predict a dependent variable, 
while multiple regression uses two or more independent variables. 

Part 3: Choosing Between Parametric and Non-Parametric Approaches 

1. Normal distribution. 

2. Examples include: misleading results if assumptions are violated, requires larger 
sample sizes, limited to continuous data (any one acceptable). 

3. Flexible. 
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4. Type of data, sample size, whether distributional assumptions can reasonably be 
met, and research objectives. 

5. Non-parametric approaches. 

Part 4: Linking Approaches to Geographic Problems 

1. Examples include: regression analysis examining rainfall and crop yield, ANOVA 
comparing household incomes across cities (any appropriate example acceptable). 

2. Chi-square test. 

3. Ranked (or ordinal) variables. 

4. To achieve comprehensive results by addressing diverse data types within the same 
research study. 

5. Examples include: using regression for continuous rainfall data combined with chi-
square for categorical land use data, using ANOVA for income comparisons 
combined with Kruskal-Wallis for satisfaction rankings (any appropriate example 
acceptable). 
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• Bluman, A. G. (2018). Elementary Statistics: A Step by Step Approach. McGraw-Hill 
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• Field, A. (2013). Discovering Statistics Using IBM SPSS Statistics (4th ed.). SAGE 
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• OpenStax. (2019). Introductory Statistics. Rice University. Retrieved from 
https://openstax.org/books/introductory-statistics 

Illustrations 

Table 2.1: Comparison of parametric and non-parametric approaches 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a comparison table showing parametric vs non-parametric 
approaches with geographic examples." 

• Suggested OER search string: "parametric vs non-parametric statistics table open 
educational resource" 

Figure 2.1: Distribution assumptions in parametric vs non-parametric approaches 

• Attribution: AI-generated using Copilot image generation. 
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• Prompt: "Generate a diagram showing normal distribution (parametric) vs non-
normal distribution (non-parametric) with geographic examples." 

• Suggested OER search string: "parametric non-parametric distribution comparison 
open educational resource" 

Figure 2.2: Parametric techniques (t-tests, ANOVA, regression) in geographic research 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a diagram showing t-test, ANOVA, and regression analysis with 
geographic examples." 

• Suggested OER search string: "parametric techniques geography open educational 
resource" 

Table 2.2: Applications of parametric techniques in geography 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a table showing applications of t-tests, ANOVA, and regression 
in geography." 

• Suggested OER search string: "parametric techniques applications geography open 
educational resource" 

Figure 2.3: Non-parametric techniques (chi-square, Mann-Whitney U, Kruskal-Wallis, 
Spearman's) in geography 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a diagram showing chi-square, Mann-Whitney U, Kruskal-Wallis, 
and Spearman's correlation with geographic examples." 

• Suggested OER search string: "non-parametric techniques geography open 
educational resource" 

Table 2.3: Applications of non-parametric techniques in geography 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a table showing applications of chi-square, Mann-Whitney U, 
Kruskal-Wallis, and Spearman's correlation in geography." 

• Suggested OER search string: "non-parametric techniques applications geography 
open educational resource" 

Table 2.4: Assumptions and data requirements for parametric and non-parametric 
approaches 

• Attribution: AI-generated using Copilot image generation. 
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• Prompt: "Generate a table comparing assumptions and data requirements for 
parametric and non-parametric approaches." 

• Suggested OER search string: "parametric non-parametric assumptions data 
requirements open educational resource" 

Figure 2.4: Decision tree for choosing between parametric and non-parametric 
approaches 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a decision tree flowchart for choosing between parametric and 
non-parametric approaches based on data type and assumptions." 

• Suggested OER search string: "parametric non-parametric decision tree open 
educational resource" 

Figure 2.5: Regression analysis applied to rainfall and crop yield 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a diagram showing regression line applied to rainfall and crop 
yield in geography." 

• Suggested OER search string: "regression analysis rainfall crop yield geography 
open educational resource" 

Table 2.5: Integrated parametric and non-parametric approaches in geographic research 

• Attribution: AI-generated using Copilot image generation. 

• Prompt: "Generate a table showing examples of combining parametric and non-
parametric approaches in geographic studies." 

• Suggested OER search string: "integrated parametric non-parametric geography 
open educational resource" 
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Outline  

Part 1: Fundamentals of Survey Design 

• Principles of survey research 
• Types of surveys (questionnaires, interviews, spatial data collection) 
• Defining objectives and target populations 

Part 2: Sampling Techniques in Spatial Studies 

• Probability sampling methods (simple random, stratified, cluster) 
• Non-probability sampling methods (purposive, convenience, quota) 
• Spatial sampling strategies (systematic grid, transects, adaptive sampling) 

Part 3: Practical Applications and Case Studies 

• Designing sampling frames for spatial data 
• Field implementation challenges 
• Case studies in environmental and urban spatial surveys 

Part 4: Data Quality and Ethical Considerations 

• Bias, errors, and representativeness 
• Ethical issues in spatial surveys 
• Ensuring reliability and validity 

 

Introduction 

When studying spatial phenomena, it is not enough to simply collect data; the way surveys 
are designed and samples are drawn determines whether the findings are reliable and 
meaningful. Poorly planned surveys can lead to biased results, wasted resources, and 
misleading conclusions. This Series therefore provides a foundation for understanding how 
to design surveys and apply sampling techniques that are tailored to spatial studies, 
ensuring that learners can approach research with confidence and precision. 

The aim of this Series is to introduce you to the principles of survey design and spatial 
sampling, equipping you with the knowledge and skills needed to plan, implement, and 
evaluate surveys that capture spatial realities accurately. 

We shall commence this Series by exploring the fundamentals of survey design, including 
the principles of survey research, types of surveys, and how to define objectives and target 
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populations. Next, we will move on to sampling techniques in spatial studies, examining 
both probability and non-probability approaches, as well as specialised spatial sampling 
strategies. Following that, we will consider practical applications and case studies, 
focusing on how sampling frames are constructed, how surveys are implemented in the 
field, and how real-world examples illustrate these methods. Finally, we will conclude with 
a discussion on data quality and ethical considerations, addressing issues of bias, 
representativeness, and the importance of ethical practice in spatial research. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1: Define the fundamental principles of survey research. 
• SLO 3.2: Explain different types of surveys used in spatial studies. 
• SLO 3.3: Identify and articulate objectives and target populations in survey design. 
• SLO 3.4: Distinguish between probability and non-probability sampling techniques. 
• SLO 3.5: Apply spatial sampling strategies such as systematic grids, transects, and 

adaptive methods. 
• SLO 3.6: Demonstrate how to construct sampling frames and implement surveys in 

field contexts. 
• SLO 3.7: Analyse case studies to evaluate the effectiveness of survey and sampling 

approaches. 
• SLO 3.8: Evaluate issues of bias, representativeness, and ethics in spatial survey 

practice. 

 

3.1 Fundamentals Of Survey Design 

Surveys are essential in spatial studies because they provide structured ways of gathering 
information about populations, environments, or phenomena across space. A well-
designed survey ensures that the data collected is reliable, valid, and relevant to the 
research objectives. Without careful planning, surveys risk producing biased or incomplete 
results that cannot support meaningful analysis. 

3.1.1 Principles of survey research 

The principles of survey research are the guiding rules that ensure surveys are 
systematic, objective, and purposeful. These include clarity of objectives, 
representativeness of the sample, reliability of instruments, and ethical considerations. 
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A survey must begin with a clear definition of its purpose. This means identifying what 
information is needed, why it is needed, and how it will be used. When objectives are 
vague, the survey risks collecting irrelevant or misleading data. 

Fill in the blank: A survey without clearly defined ______ is likely to produce irrelevant 
results. 

3.1.2 Types of surveys 

Surveys can take different forms depending on the context of spatial studies. The main 
types of surveys include questionnaires, interviews, and spatial data collection methods 
such as field mapping or remote sensing. 

• Questionnaires are written instruments where respondents provide answers to 
structured questions. 

• Interviews involve direct interaction, either face-to-face or virtual, allowing for 
deeper exploration of responses. 

• Spatial data collection refers to gathering information directly from the 
environment, often using tools such as GPS devices, drones, or satellite imagery. 

Each type has strengths and limitations. Questionnaires are efficient for large populations, 
interviews provide depth, and spatial data collection captures physical realities. 

Fill in the blank: While ______ provide efficiency for large populations, interviews allow for 
deeper exploration of responses. 

3.1.3 Defining objectives and target populations 

A crucial step in survey design is defining the target population, which refers to the group 
of individuals, objects, or areas from which data will be collected. The target population 
must be clearly specified to avoid ambiguity and ensure representativeness. 

Objectives should be specific, measurable, and aligned with the overall research goals. 
For example, if the aim is to study urban air quality, the target population might be 
households in specific neighbourhoods, and the objectives could include measuring 
perceptions of pollution and recording actual air quality levels. 

Fill in the blank: The group from which data will be collected in a survey is called the ______ 
population. 

pilot questions 

1. Draft one survey question that could assess community access to clean water. 
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2. Suggest a survey item that measures perceptions of safety in urban 
neighbourhoods. 

3. Write a pilot question that explores household transport choices. 
4. Formulate a survey question to capture challenges in accessing healthcare 

facilities. 
5. Create a pilot question that investigates satisfaction with waste management 

services in a community. 

 

3.2 Sampling Techniques In Spatial Studies 

Sampling is a critical step in spatial studies because it determines how representative the 
collected data will be of the larger population or area under investigation. Since it is often 
impractical to study every individual or location, researchers rely on sampling techniques 
to select subsets that reflect the characteristics of the whole. A well-chosen sampling 
method reduces bias, improves efficiency, and ensures that findings can be generalised 
with confidence. 

3.2.1 Probability sampling methods 

Probability sampling refers to techniques where every unit in the population has a known 
chance of being selected. Common methods include: 

• Simple random sampling, where each unit has an equal chance of selection. 
• Stratified sampling, where the population is divided into subgroups (strata) and 

samples are drawn proportionally. 
• Cluster sampling, where groups or clusters are sampled instead of individuals. 

These methods are valued for their ability to minimise bias and provide statistically valid 
results. 

Fill in the blank: In ______ sampling, every unit in the population has an equal chance of 
being selected. 
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Figure 3.1 Probability sampling methods 
 
 

3.2.2 Non-probability sampling methods 

Non-probability sampling refers to techniques where not all units have a chance of being 
selected. Examples include: 

• Convenience sampling, where participants are chosen based on ease of access. 
• Purposive sampling, where participants are selected based on specific 

characteristics. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• Quota sampling, where samples are drawn to meet predefined categories. 

While these methods are easier and cheaper to implement, they often introduce bias and 
limit the generalisability of findings. 

Fill in the blank: ______ sampling selects participants based on ease of access rather than 
randomisation. 

Feature Probability Sampling Non-Probability Sampling 

Definition 

Every member of the population 
has a known, non-zero chance 

of being selected. 

Selection is based on subjective 
judgment, convenience, or 

specific criteria; not everyone has a 
chance to be picked. 

Core Goal 
To achieve statistical 

representativeness and 
minimize bias. 

To explore specific traits, pilot-test 
ideas, or reach hard-to-access 

groups. 

Examples 
Simple Random, Stratified, 

Systematic, Cluster Sampling. 
Convenience, Quota, Snowball, 

Purposive Sampling. 

Strengths 

* High generalizability. 

 
 
 

* Eliminates selection bias. 

 
 
 

* Allows for the calculation of 
sampling error. 

* Cost-effective and time-efficient. 

 
 
 

* Easier to implement in the field. 

 
 
 

* Ideal for qualitative or exploratory 
research. 

Limitations 
* Can be expensive and time-

consuming. * High risk of selection bias. 
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Feature Probability Sampling Non-Probability Sampling 

 
 
 

* Requires a complete list of the 
population (sampling frame). 

 
 
 

* Results cannot be statistically 
generalized to the whole 

population. 

 
 
 

* Sampling error cannot be 
measured. 

Table 3.1 Comparison of probability and non-probability sampling 
 
 

3.2.3 Spatial sampling strategies 

Spatial studies often require specialised approaches to account for geographic 
distribution. Common spatial sampling strategies include: 

• Systematic grid sampling, where samples are taken at regular intervals across a 
study area. 

• Transect sampling, where data is collected along straight lines across a 
landscape. 

• Adaptive sampling, where sampling intensity increases in areas of high variability 
or interest. 

These strategies are particularly useful in environmental studies, urban planning, and 
resource management. 

Fill in the blank: In ______ sampling, data is collected along straight lines across a 
landscape. 
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Plate 3.2 Spatial sampling strategies 
 
 

Pilot questions 

1. Draft a survey question that could be used in a simple random sample of 
households in a city. 

2. Write a pilot question suitable for a stratified sample of schools based on size. 
3. Suggest a pilot question for a convenience sample of commuters at a bus station. 
4. Formulate a pilot question that could be asked along a transect in a forest study. 
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5. Create a pilot question for an adaptive sample investigating areas with high 
pollution levels. 

 

3.3 Practical Applications And Case Studies 

Survey design and sampling techniques are not just theoretical concepts; they are applied 
in real-world contexts to solve pressing spatial problems. Practical applications 
demonstrate how these methods are used to gather meaningful data, while case studies 
provide concrete examples of successes and challenges. By examining applications and 
case studies, learners can see how abstract principles translate into practice, and how 
methodological choices affect outcomes. 

3.3.1 Designing sampling frames for spatial data 

A sampling frame is a list or representation of all units in the population from which a 
sample will be drawn. In spatial studies, this may include households, schools, hospitals, 
or geographic grids. Constructing a sampling frame requires careful planning to ensure 
that it is complete, accurate, and relevant to the objectives of the study. 

For example, in an urban land-use survey, the sampling frame might be a map of city 
blocks. In an environmental study, it could be a grid overlay of a forest reserve. 

Fill in the blank: A ______ frame is a list or representation of all units in the population from 
which a sample is drawn. 
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Figure 3.2 Sampling frame for spatial data 
 
 

3.3.2 Field implementation challenges 

Even with a well-designed survey, challenges often arise during field implementation. 
These may include logistical issues such as poor road access, difficulties in locating 
respondents, or limited resources. Cultural and language barriers can also affect data 
collection, as can respondent reluctance or misunderstanding of questions. 

Researchers must anticipate these challenges and plan strategies to overcome them, 
such as training fieldworkers, using local guides, or adapting instruments to suit the 
context. 
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Fill in the blank: One common challenge in field implementation is ______ barriers that 
affect communication with respondents. 

 

3.3.3 Case studies in environmental and urban spatial surveys 

Case studies provide valuable insights into how survey design and sampling techniques 
are applied in practice. For instance: 

• An environmental survey might use transect sampling to study biodiversity in a 
forest. 

• An urban survey could employ stratified sampling to assess housing conditions 
across different neighbourhoods. 

• A health-related spatial survey might use cluster sampling to investigate disease 
prevalence in rural communities. 

These examples highlight how methodological choices are tailored to specific contexts 
and objectives. 

Fill in the blank: A biodiversity study in a forest using transect sampling is an example of a 
______ survey. 

Pilot questions 

1. Draft a survey question that could be used in a sampling frame of city blocks. 
2. Write a pilot question that addresses challenges in accessing healthcare facilities 

during fieldwork. 
3. Suggest a pilot question for a biodiversity survey using transect sampling. 
4. Formulate a pilot question that explores housing conditions in urban 

neighbourhoods. 
5. Create a pilot question that investigates community perceptions of environmental 

pollution. 

 

3.4 Data Quality And Ethical Considerations 

High-quality data is the foundation of meaningful spatial analysis. If the data collected 
through surveys and sampling is inaccurate, biased, or incomplete, the conclusions drawn 
will be unreliable. Equally important are the ethical considerations that guide how surveys 
are conducted, ensuring respect for participants and integrity in research. This Part 
focuses on both the technical and moral dimensions of survey practice, helping learners 
appreciate why data quality and ethics must go hand in hand. 
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3.4.1 Bias, errors, and representativeness 

Bias refers to systematic errors that distort survey results, while errors may arise from 
poor measurement, sampling mistakes, or respondent misreporting. Representativeness 
means that the sample accurately reflects the population being studied. Together, these 
factors determine whether survey findings can be trusted. 

Researchers must minimise bias by using appropriate sampling techniques, designing 
clear questions, and training fieldworkers. Errors can be reduced through careful data 
entry, validation, and cross-checking. Representativeness is achieved by ensuring that all 
relevant groups are included in the sample. 

Fill in the blank: A sample that accurately reflects the population being studied is said to 
be ______. 

3.4.2 Ethical issues in spatial surveys 

Ethical issues in surveys include informed consent, confidentiality, and respect for 
participants. Informed consent means that respondents understand the purpose of the 
survey and agree to participate voluntarily. Confidentiality ensures that personal 
information is protected and not disclosed without permission. Respect for participants 
involves treating them fairly and avoiding harm. 

In spatial studies, ethics also extend to how data is used. For example, mapping sensitive 
information such as disease prevalence must be handled carefully to avoid stigmatising 
communities. 

Fill in the blank: Ensuring that respondents understand the purpose of the survey and 
agree voluntarily is called ______. 

3.4.3 Ensuring reliability and validity 

Reliability refers to the consistency of survey results, while validity refers to whether the 
survey measures what it is intended to measure. Reliable surveys produce similar results 
under consistent conditions, and valid surveys capture the true essence of the concept 
being studied. 

For example, a survey question about household income must be worded clearly to avoid 
confusion. If respondents interpret the question differently, reliability and validity are 
compromised. 

Fill in the blank: A survey that consistently produces similar results under the same 
conditions is said to have ______. 
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Feature Reliability Validity 

Core 
Concept 

Consistency. Does the survey 
produce stable and repeatable 

results? 

Accuracy. Does the survey actually 
measure what it is intended to 

measure? 

Focus 
Precision and predictability of 

the instrument. 
Truthfulness and 

representativeness of the data. 

Key 
Question 

If I give this survey twice to the 
same person, will I get the same 

answer? 

Are these questions capturing the 
specific concept I am studying? 

Relation 

A survey can be reliable without 
being valid (consistent but 

wrong). 

A survey cannot be valid unless it is 
first reliable (it must be stable to be 

true). 

Example 

A digital scale that always shows 
a weight 5 lbs heavier than 

reality is reliable (consistent) 
but not valid (inaccurate). 

A "Job Satisfaction" survey that 
accidentally measures how much 

employees like their office snacks is 
not valid. 

3.4 Reliability and validity in survey design 
 
 

Pilot questions 

1. Draft a survey question that could test for bias in reporting household income. 
2. Write a pilot question that checks whether respondents understand the purpose of 

a health survey. 
3. Suggest a pilot question that ensures confidentiality when asking about sensitive 

community issues. 
4. Formulate a pilot question that measures perceptions of fairness in local resource 

distribution. 
5. Create a pilot question that tests the reliability of responses about daily commuting 

time. 

 

Series Summary 
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This Series has provided a clear foundation for understanding how surveys and sampling 

techniques are applied in spatial studies, highlighting their importance in producing reliable and 

meaningful research outcomes. Beginning with the fundamentals of survey design, we explored 

the principles of survey research, the different types of surveys, and the process of defining 

objectives and target populations. We then moved on to sampling techniques, considering both 

probability and non-probability approaches, before examining specialised spatial strategies such 

as systematic grids, transects, and adaptive methods. These ideas were further illustrated through 

practical applications and case studies, where learners considered the construction of sampling 

frames, the challenges of fieldwork, and examples from environmental and urban contexts. 

Finally, the Series addressed data quality and ethical considerations, emphasising the need to 

minimise bias, ensure representativeness, and uphold ethical standards in spatial research. 

By engaging with these topics, learners have achieved the Series Learning Outcomes. They can 

now define and explain the principles of survey research, identify objectives and target 

populations, and distinguish between different sampling techniques. They are able to apply 

spatial sampling strategies, construct sampling frames, and evaluate real-world case studies. 

Most importantly, they can assess issues of bias, representativeness, and ethics, ensuring that 

their surveys are both methodologically sound and ethically responsible. This equips them with 

the confidence and precision needed to design and implement spatial surveys that capture 

complex realities effectively. 

 

Glossary of Terms 

Adaptive Sampling 

A method where sampling intensity increases in areas with high variability or special interest, 

often used in environmental studies. 

Bias 

Systematic errors that distort survey results, often caused by poor sampling methods or unclear 

questions. 

Case Study 

A detailed example that shows how survey design and sampling techniques are applied in real-

world contexts. 

Cluster Sampling 

A probability sampling method where groups or clusters are selected instead of individual units. 

Convenience Sampling 

A non-probability method where participants are chosen because they are easy to reach, which 

can introduce bias. 

Ethical Issues 

Concerns in survey practice such as informed consent, confidentiality, and respect for 

participants. 
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Informed Consent 

The process of ensuring respondents understand the purpose of a survey and agree to take part 

voluntarily. 

Interviews 

A type of survey involving direct interaction with respondents, either face-to-face or virtually, to 

gather detailed information. 

Non-Probability Sampling 

Sampling methods where not all units have a chance of being selected, such as convenience, 

purposive, or quota sampling. 

Objectives 

The specific goals or purposes of a survey, which guide the design and ensure relevant data is 

collected. 

Probability Sampling 

Sampling methods where every unit in the population has a known chance of being selected, 

reducing bias. 

Purposive Sampling 

A non-probability method where participants are selected based on specific characteristics 

relevant to the study. 

Questionnaires 

Written instruments with structured questions used to collect information from large groups 

efficiently. 

Quota Sampling 

A non-probability method where samples are drawn to meet predefined categories, such as age 

or gender groups. 

Reliability 

The consistency of survey results, meaning similar outcomes are produced under the same 

conditions. 

Representativeness 

The extent to which a sample accurately reflects the population being studied. 

Sampling Frame 

A list or representation of all units in the population from which a sample is drawn. 

Spatial Data Collection 

Gathering information directly from the environment using tools such as GPS devices, drones, or 

satellite imagery. 

Spatial Sampling Strategies 

Specialised methods for selecting samples across geographic areas, including systematic grids, 

transects, and adaptive approaches. 
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Stratified Sampling 

A probability method where the population is divided into subgroups (strata) and samples are 

drawn proportionally. 

Survey Research 

A structured approach to collecting information about populations, environments, or phenomena 

across space. 

Systematic Grid Sampling 

A spatial strategy where samples are taken at regular intervals across a study area. 

Target Population 

The group of individuals, objects, or areas from which data will be collected in a survey. 

Transect Sampling 

A spatial strategy where data is collected along straight lines across a landscape, often used in 

environmental studies. 

Validity 

The extent to which a survey measures what it is intended to measure. 

Concept Check Questions 

Objective Questions 

1. Fill in the blank: A survey without clearly defined ______ is likely to produce irrelevant results. 
(Linked to SLO 3.1) 

2. Which type of survey is most efficient for large populations? (Linked to SLO 3.2) 
3. In ______ sampling, every unit in the population has an equal chance of being selected. (Linked 

to SLO 3.4) 
4. What is the term for the group from which data will be collected in a survey? (Linked to SLO 3.3) 
5. Ensuring that respondents understand the purpose of the survey and agree voluntarily is called 

______. (Linked to SLO 3.8) 

Short-Answer Questions 

6. Define stratified sampling and explain why it is useful in spatial studies. (Linked to SLO 3.4) 

7. Identify one challenge that may arise during field implementation of surveys and suggest a 

way to address it. (Linked to SLO 3.6) 

8. Explain the difference between reliability and validity in survey design. (Linked to SLO 3.8) 

9. Describe one ethical issue that must be considered when conducting spatial surveys. (Linked to 

SLO 3.8) 

10. Give an example of a spatial sampling strategy and explain its application. (Linked to SLO 

3.5) 

Long-Answer Questions 

11. Discuss the strengths and limitations of probability versus non-probability sampling methods 

in spatial studies. (Linked to SLO 3.4) 

12. Analyse how sampling frames are constructed in spatial surveys and evaluate their 

importance for data quality. (Linked to SLO 3.6) 

13. Evaluate the role of case studies in demonstrating the effectiveness of survey and sampling 
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approaches in spatial research. (Linked to SLO 3.7) 

14. Assess the importance of ethical considerations in spatial surveys, with reference to issues of 

bias, representativeness, and confidentiality. (Linked to SLO 3.8) 

 

Answers to Concept Check Questions 

Objective Questions 

1. Objectives 
2. Questionnaires 
3. Simple random sampling 
4. Target population 
5. Informed consent 

Short-Answer Questions 

6. Stratified sampling divides the population into subgroups (strata) and samples are drawn 

proportionally. It is useful because it ensures representation of key subgroups. 

7. One challenge is language barriers. This can be addressed by employing local translators or 

adapting survey instruments to local languages. 

8. Reliability refers to consistency of results, while validity refers to whether the survey 

measures what it intends to measure. 

9. Confidentiality is a key ethical issue, ensuring that personal information is not disclosed 

without permission. 

10. Transect sampling involves collecting data along straight lines across a landscape, often used 

in biodiversity studies. 

Long-Answer Questions 

11. Basic response: 

Probability sampling methods (simple random, stratified, cluster) minimise bias and provide 

statistically valid results, but they can be complex and resource-intensive. Non-probability 

methods (convenience, purposive, quota) are easier and cheaper but often introduce bias and 

limit generalisability. 

Value-added response: 

Outstanding learners may compare contexts where each method is most appropriate, such as 

probability sampling in national censuses versus non-probability sampling in exploratory studies. 

They may also highlight hybrid approaches that combine elements of both. 

12. Basic response: 

A sampling frame is a list or representation of all units in the population. It ensures that samples 

are drawn from a complete and accurate set of units, improving data quality. 

Value-added response: 

Learners may discuss practical examples, such as using city maps for urban surveys or grid 

overlays for environmental studies, and evaluate how incomplete frames can lead to bias. 

13. Basic response: 

Case studies illustrate how survey design and sampling techniques are applied in practice, 

showing successes and challenges. 
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Value-added response: 

Learners may critically evaluate specific examples, such as biodiversity surveys using transects 

or housing studies using stratified sampling, and discuss how methodological choices affect 

outcomes. 

14. Basic response: 

Ethical considerations include informed consent, confidentiality, and ensuring 

representativeness. These protect participants and improve trust in research. 

Value-added response: 

Learners may extend this by discussing how mapping sensitive data (e.g., disease prevalence) 

can stigmatise communities, and propose strategies such as anonymisation or community 

engagement to mitigate risks. 

Answers to Pilot Questions 

Part 3.1 Fundamentals of Survey Design 

1. Households reporting the number of hours per day they have access to clean drinking water. 
2. Residents rating their feelings of safety in their neighbourhood on a scale (e.g. 1–5). 
3. Household’s primary mode of daily transport such as walking, bus, car, or bicycle. 
4. Household’s greatest challenge in accessing healthcare facilities (e.g. distance, cost, availability). 
5. Level of satisfaction with waste collection services in the community. 

Part 3.2 Sampling Techniques in Spatial Studies 

6. Household tenure status (own or rent) in a simple random sample of city households. 

7. School enrolment numbers in a stratified sample based on school size. 

8. Commuters’ main reason for choosing a particular bus station in a convenience sample. 

9. Tree species observed along a transect line in a forest study. 

10. Pollutants most noticeable in high-traffic areas in an adaptive sample. 

Part 3.3 Practical Applications and Case Studies 

11. Number of households in a city block with access to electricity. 

12. Difficulties faced in reaching the nearest healthcare facility during fieldwork. 

13. Animal species observed along a transect in a biodiversity survey. 

14. Primary building material used for house walls in urban neighbourhoods. 

15. Residents’ rating of air quality in their neighbourhood. 

Part 3.4 Data Quality and Ethical Considerations 

16. Household’s monthly income range reported in categories to reduce bias. 

17. Respondents confirming they understand the purpose of a health survey. 

18. Respondents indicating preference for anonymity when discussing sensitive community 

issues. 

19. Residents’ perceptions of fairness in local resource distribution. 

20. Average commuting time reported by respondents to test reliability. 

 

References and Attributions 

General References 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

• Bryman, A. (2016). Social Research Methods (5th ed.). Oxford University Press. 
• Creswell, J. W. (2014). Research Design: Qualitative, Quantitative, and Mixed Methods 

Approaches (4th ed.). Sage Publications. 
• Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, Phone, Mail, and Mixed-Mode 

Surveys: The Tailored Design Method. Wiley. 
• Lohr, S. L. (2019). Sampling: Design and Analysis (2nd ed.). Chapman & Hall/CRC. 

Attribution Notes 

• All AI-generated diagrams and tables were created using Microsoft Copilot with prompts 
specified above. 

• Suggested OER search strings were included to guide learners towards open-access resources 
for further study. 

• External references are provided in APA style to support the theoretical foundation of survey 
design and sampling techniques. 

Open Educational Resources (OER) and Suggested Sources 

• Suggested search string: “probability sampling methods diagram OER” – recommended for 
Figure 3.1 illustration. 

• Suggested search string: “probability vs non-probability sampling comparison OER table” – 
recommended for Table 3.1 comparison. 

• Suggested search string: “spatial sampling strategies grid transect adaptive OER image” – 
recommended for Plate 3.2 illustration. 

• Suggested search string: “sampling frame spatial studies diagram OER” – recommended for 
Figure 3.2 diagram. 

• Suggested search string: “reliability vs validity survey design OER table” – recommended for 
Table 3.4 comparison. 

Figures and Tables 

• Figure 3.1 Probability Sampling Methods: AI-generated using the prompt “Create a diagram 
showing simple random, stratified, and cluster sampling with labelled examples” on Microsoft 
Copilot. 

• Table 3.1 Comparison of Probability and Non-Probability Sampling: AI-generated using the 
prompt “Create a table comparing probability and non-probability sampling methods with 
strengths and weaknesses” on Microsoft Copilot. 

• Plate 3.2 Spatial Sampling Strategies: AI-generated using the prompt “Illustration showing 
systematic grid sampling, transect sampling, and adaptive sampling in spatial studies” on 
Microsoft Copilot. 

• Figure 3.2 Sampling Frame for Spatial Data: AI-generated using the prompt “Create a diagram 
showing a city map divided into blocks as a sampling frame” on Microsoft Copilot. 

• Table 3.4 Reliability and Validity in Survey Design: AI-generated using the prompt “Create a table 
comparing reliability and validity in survey design with definitions and examples” on Microsoft 
Copilot. 
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Course code: GEO 307 

Course title: Quantitative Techniques in Geography 

Course credit load: 2 Units 

 

Series 4: Elementary Statistical Analysis of Spatial Patterns 

Outline for Series 4 

Part 4.1: Foundations of Spatial Statistics 

• Concepts of spatial data (defined as data with geographic coordinates) 
• Types of spatial data: point, line, and area 
• Importance of spatial autocorrelation (the tendency of nearby locations to be 

similar) 

Part 4.2: Descriptive Approaches to Spatial Patterns 

• Measures of central tendency and dispersion in spatial data 
• Visualisation techniques: maps, scatterplots, heatmaps 
• Nearest-neighbour analysis 

Part 4.3: Inferential Approaches in Spatial Statistics 

• Hypothesis testing for spatial randomness 
• Measures of spatial autocorrelation (Moran’s I, Geary’s C) 
• Quadrat analysis and Ripley’s K-function 

Part 4.4: Applications of Spatial Statistical Analysis 

• Analysing settlement patterns 
• Environmental and ecological applications 
• Urban and regional planning case studies 

 

Introduction 

Spatial patterns are fundamental to understanding geography. Whether we are examining 
the distribution of settlements, the clustering of disease cases, or the spread of vegetation 
across a landscape, recognising and analysing these patterns helps us make sense of the 
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world around us. However, identifying patterns by observation alone is not enough; we 
need statistical tools to measure, test, and interpret spatial distributions with precision 
and confidence. This Series introduces you to elementary statistical analysis of spatial 
patterns, providing the foundation for understanding how geographic phenomena are 
distributed across space and why these distributions matter. 

The aim of this Series is to equip you with the knowledge and skills to analyse spatial 
patterns using fundamental statistical techniques. You will learn to work with different 
types of spatial data, apply descriptive and inferential methods to examine distributions, 
and interpret the results in meaningful geographic contexts. By the end of this Series, you 
will be able to assess whether observed patterns are random or structured, and apply 
these insights to real-world spatial problems. 

We shall commence this Series by exploring the foundations of spatial statistics, where 
you will learn about spatial data types and the critical concept of spatial autocorrelation. 
Next, we will move on to descriptive approaches to spatial patterns, examining measures 
of central tendency and dispersion, visualisation techniques, and nearest-neighbour 
analysis. Following that, we will study inferential approaches in spatial statistics, including 
hypothesis testing for spatial randomness and advanced methods such as Moran's I, 
Geary's C, quadrat analysis, and Ripley's K-function. Finally, we will conclude by examining 
practical applications of spatial statistical analysis in settlement studies, environmental 
and ecological research, and urban and regional planning, demonstrating how these 
methods are used to solve real-world geographic challenges. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1: Define spatial data and distinguish between point, line, and area data 
types, 

• SLO 4.2: Explain the concept of spatial autocorrelation and its significance in 
geographic analysis, 

• SLO 4.3: Apply measures of central tendency and dispersion to analyse spatial 
patterns, 

• SLO 4.4: Demonstrate how to visualise spatial data using maps, scatterplots, and 
other appropriate techniques, 

• SLO 4.5: Evaluate spatial distributions using nearest-neighbour analysis, 

• SLO 4.6: Apply inferential statistical methods to test hypotheses about spatial 
randomness, 

• SLO 4.7: Analyse spatial patterns using measures of spatial autocorrelation such as 
Moran's I and Geary's C, 
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• SLO 4.8: Evaluate the application of quadrat analysis and Ripley's K-function in 
spatial studies, and 

• SLO 4.9: Assess real-world case studies to demonstrate the relevance of spatial 
statistical methods in settlement, environmental, and urban planning contexts. 

 

4.1 Foundations Of Spatial Statistics 

Spatial statistics provides the essential tools for analysing data that are tied to specific 
locations on the earth’s surface. In this Part, we shall lay the groundwork by examining the 
meaning of spatial data, the different types of spatial data, and the concept of spatial 
autocorrelation. These ideas form the basis for more advanced methods that you will 
encounter later in the Series. 

4.1.1 Concepts of spatial data 

Spatial data refers to information that has a geographical or locational component, 
meaning that each observation can be linked to a specific point, line, or area on the earth’s 
surface. For example, the coordinates of a city, the path of a river, or the boundary of a 
country are all forms of spatial data. Unlike ordinary statistical data, spatial data is not 
independent of location, and this makes its analysis unique. 

Spatial data can be either quantitative, such as population counts, or qualitative, such as 
land-use categories. The key feature is that the data is tied to a spatial reference system, 
often expressed in latitude and longitude. 

Fill in the blank: Spatial data is defined as information that has a __________ component. 
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Figure 4.1 Examples of spatial data types. 
 
 

4.1.2 Types of spatial data 

Spatial data can be classified into three main types: 

• Point data: These represent specific locations, such as the position of schools, 
hospitals, or rainfall stations. 

• Line data: These represent linear features, such as roads, rivers, or pipelines. 
• Area data: These represent bounded regions, such as administrative boundaries, 

forest reserves, or agricultural plots. 

Each type of spatial data requires different methods of analysis. For instance, point data 
may be studied using nearest-neighbour analysis, while area data may be examined using 
measures of spatial autocorrelation. 

Fill in the blank: The three main types of spatial data are point, line, and __________ data. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Data Type Definition 
Geographic 
Examples 

Statistical Application 

Point 

A single $X, Y$ 
coordinate representing 
a discrete location with 
no measurable area at a 

certain scale. 

* Water wells 

 
 
 

* Earthquake 
epicenters 

 
 
 

* Individual 
trees 

 
 
 

* Weather 
stations 

Point Pattern Analysis: 
Used to determine if 

features are clustered, 
dispersed, or random (e.g., 

mapping crime 
"hotspots"). 

Line 

A set of ordered 
coordinates (nodes and 

vertices) representing 
linear features with 
length but no width. 

* Rivers and 
streams 

 
 
 

* Road 
networks 

 
 
 

* Fault lines 

Network Analysis: Used 
to find the shortest path 

between two locations or 
model the flow of water 

through a watershed. 
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Data Type Definition 
Geographic 
Examples 

Statistical Application 

 
 
 

* Power lines 

Area 
(Polygon) 

A closed loop of 
coordinates 

representing a feature 
with a defined boundary, 

perimeter, and area. 

* National 
Parks 

 
 
 

* Lakes 

 
 
 

* Country 
borders 

 
 
 

* Soil type 
zones 

Thematic Mapping: Used 
for choropleth maps (e.g., 

coloring counties based on 
average income levels). 

4.1 Classification of spatial data types with examples. 
 
 

4.1.3 Importance of spatial autocorrelation 

Spatial autocorrelation refers to the degree to which nearby locations resemble each 
other in terms of a particular attribute. In simple terms, it measures whether values 
observed at one location are similar to those at neighbouring locations. For example, areas 
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with high rainfall are often surrounded by other areas with high rainfall, while urban centres 
tend to cluster together. 

Positive spatial autocorrelation occurs when similar values are found close together, while 
negative spatial autocorrelation occurs when dissimilar values are found near each other. 
Recognising spatial autocorrelation is crucial because many statistical techniques 
assume independence of observations, which is often violated in geographic data. 

Fill in the blank: When similar values are found close together, this is known as __________ 
spatial autocorrelation. 

Understanding Spatial Autocorrelation 

• Positive Spatial Autocorrelation (Clustering) 
• Definition: Similar values are located near each other. Like attracts like. 
• Simple Example: A residential neighborhood where all the houses have 

similar market values, or a forest where oak trees are grouped together in 
one section. 

• Visual: Think of a "hotspot" on a map. 
• Negative Spatial Autocorrelation (Dispersal) 

• Definition: Dissimilar values are located near each other. It creates a 
"checkerboard" or competitive pattern. 

• Simple Example: A grocery store chain that deliberately places locations 
far apart from each other to avoid competing for the same customers. 

• Visual: A scattered or alternating pattern where high values are 
surrounded by low values. 

• Zero Spatial Autocorrelation (Randomness) 
• Definition: There is no discernible pattern; values are distributed purely by 

chance. 
• Simple Example: The locations of lightning strikes during a massive, 

uniform storm across a flat plain. 

Box 4.1 Key features of spatial autocorrelation. 
 
 

Pilot questions 4.1 

1. Define spatial data and give one example. 
2. Identify the three main types of spatial data. 
3. Explain the difference between point data and line data. 
4. What is meant by spatial autocorrelation? 
5. Distinguish between positive and negative spatial autocorrelation. 
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4.2 Descriptive Approaches To Spatial Patterns 

Descriptive statistics provide the first step in making sense of spatial data. They allow us to 
summarise large amounts of information into simple measures and visual forms that 
highlight the essential features of geographic phenomena. In this Part, we shall examine 
how descriptive approaches are applied to spatial patterns, beginning with measures of 
central tendency and dispersion, moving on to visualisation techniques, and concluding 
with nearest-neighbour analysis. 

4.2.1 Measures of central tendency and dispersion in spatial data 

Central tendency refers to the typical or average value in a dataset. Common measures 
include the mean (the arithmetic average), the median (the middle value when data is 
ordered), and the mode (the most frequently occurring value). In spatial data, these 
measures help us identify the general level of a variable across a region, such as the 
average rainfall in a district. 

Dispersion refers to the spread or variability of data. Measures such as the range 
(difference between the highest and lowest values), variance (average squared deviation 
from the mean), and standard deviation (square root of variance) show how values differ 
across space. For example, two towns may have the same average income, but one may 
have greater inequality, reflected in a higher standard deviation. 

Fill in the blank: The __________ is the most frequently occurring value in a dataset. 

Statistic Definition 
Geographical Example 

Calculation 
Result 

Mean 
The average value of a 

dataset. 

Adding all rainfall totals and 
dividing by the number of 

stations. 
750 mm 

Median 
The middle value when 

data is sorted. 
The middle value in our 
sorted list of 7 stations. 

750 mm 

Mode 
The value that appears 

most frequently. 
The rainfall amount recorded 

by the most stations. 600 mm 

Range 

The difference between 
the highest and lowest 

values. 

Subtracting the driest station 
(450) from the wettest (1100). 650 mm 
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Statistic Definition 
Geographical Example 

Calculation 
Result 

Variance 

The average of the 
squared differences 

from the Mean. 

Measures how much the 
rainfall varies across the 

entire region. 

40,000 
mm^2 

Standard 
Deviation 

The square root of the 
variance. 

Indicates the "typical" 
distance rainfall values are 

from the mean. 
200 mm 

4.2 Measures of central tendency and dispersion with geographic examples. 
 
 

4.2.2 Visualisation techniques 

Visualisation is a powerful way to represent spatial data. Common techniques include: 

• Maps: Choropleth maps use shading to represent values across areas, while dot 
maps show distributions of point data. 

• Scatterplots: These show relationships between two variables, such as rainfall and 
crop yield. 

• Heatmaps: These highlight areas of high and low intensity, often used in urban 
studies to show population density. 

Visualisation helps reveal patterns that may not be obvious from raw numbers. For 
instance, a scatterplot may show a clear positive relationship between income levels and 
housing quality. 

Fill in the blank: A __________ map uses shading to represent values across different areas. 
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4.2 Visualisation techniques for spatial data. 
 
 

4.2.3 Nearest-neighbour analysis 

Nearest-neighbour analysis is a method used to determine whether point data is 
clustered, random, or evenly dispersed. It compares the observed average distance 
between points with the expected distance under a random distribution. 

• If the observed distance is smaller than expected, the pattern is clustered. 
• If the observed distance is larger, the pattern is dispersed. 
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• If the observed and expected distances are similar, the pattern is random. 

This technique is often applied to settlement studies, crime mapping, or ecological 
surveys. For example, analysing the distribution of schools in a city can reveal whether 
they are clustered in certain neighbourhoods or evenly spread across the urban area. 

Fill in the blank: When the observed distance between points is smaller than expected, the 
pattern is described as __________. 

 
Box 4.2 Steps in nearest-neighbour analysis. 
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Pilot questions 4.2 

1. Define central tendency and give one example. 
2. What measure of dispersion shows the average squared deviation from the mean? 
3. Identify two visualisation techniques used in spatial statistics. 
4. Explain the principle behind nearest-neighbour analysis. 
5. Distinguish between clustered and dispersed point patterns 

 

4.3 Inferential Approaches In Spatial Statistics 

Inferential statistics allow us to move beyond simple description and make generalisations 
about spatial data. They help us test hypotheses, measure relationships, and determine 
whether observed spatial patterns are due to chance or reflect meaningful processes. In 
this Part, we shall explore hypothesis testing for spatial randomness, measures of spatial 
autocorrelation, and advanced techniques such as quadrat analysis and Ripley’s K-
function. 

4.3.1 Hypothesis testing for spatial randomness 

Hypothesis testing is a statistical procedure used to determine whether an observed 
pattern differs significantly from what would be expected under random conditions. In 
spatial statistics, the null hypothesis often assumes that events or features are randomly 
distributed across space. 

For example, if we are studying the distribution of disease cases in a city, the null 
hypothesis may state that the cases occur randomly. By applying statistical tests, we can 
decide whether the observed clustering is significant or simply due to chance. 

Fill in the blank: In spatial statistics, the null hypothesis often assumes that events are 
__________ distributed across space. 
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Figure 4.3 Patterns of spatial randomness. 
 
 

4.3.2 Measures of spatial autocorrelation 

Spatial autocorrelation measures the degree to which values at one location are similar to 
values at neighbouring locations. Two widely used measures are: 

• Moran’s I: A global measure that indicates whether spatial autocorrelation is 
positive, negative, or absent across the entire dataset. 

• Geary’s C: A local measure that focuses on differences between neighbouring 
values, highlighting local variations in spatial autocorrelation. 

These measures are crucial because they help geographers identify whether patterns such 
as income levels, vegetation cover, or crime rates are clustered or dispersed. 

Fill in the blank: Moran’s I is a __________ measure of spatial autocorrelation. 

Feature Moran’s I (Global) Geary’s C 

Primary 
Focus 

Measures global spatial 
autocorrelation (overall 

pattern). 

Measures local spatial 
autocorrelation (differences 

between neighbors). 
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Feature Moran’s I (Global) Geary’s C 

Sensitivity 

Sensitive to extreme values 
(outliers) in the whole 

dataset. 

Very sensitive to local variations 
and differences between adjacent 

cells. 

Value Range 
Usually between -1.0 and 

+1.0. Usually between 0 and 2.0. 

Interpretation 

+1 = Perfect Clustering 

 
 
 

0 = Random 

 
 
 

-1 = Perfect Dispersion 

0 = Perfect Clustering 

 
 
 

1 = Random 

 
 
 

2 = Perfect Dispersion 

Analogy 
Like looking at a forest to see 

if the trees are grouped. 

Like looking at a tree to see how 
different it is from the one next to 

it. 

Box 4.3 Comparison of Moran’s I and Geary’s C. 
 
 

4.3.3 Quadrat and Ripley’s K-function analysis 

Quadrat analysis involves dividing a study area into equal-sized squares (quadrats) and 
counting the number of events in each. By comparing observed frequencies with expected 
frequencies under randomness, we can determine whether the distribution is clustered, 
random, or uniform. 

Ripley’s K-function is a more advanced method that examines spatial patterns at multiple 
scales. It calculates the expected number of points within a given distance of each point 
and compares this with the observed number. This allows researchers to detect clustering 
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or dispersion at different spatial scales, which is particularly useful in ecological and urban 
studies. 

Fill in the blank: Quadrat analysis divides a study area into equal-sized __________. 

Feature Quadrat Analysis Ripley’s K-Function 

Definition 

A frequency-based method 
that divides the study area into 

equal-sized cells (quadrats) 
and counts point density. 

A distance-based method that 
counts the number of neighboring 
points within a specific radius of 

each point. 

Primary 
Metric 

Compares observed point 
frequencies per cell to a 

theoretical Poisson 
distribution. 

Analyzes spatial patterns across a 
continuous range of distances 

(scales). 

Applications 

Best for quick, initial checks of 
spatial randomness in simple 

study areas. 

Used for complex mapping, such 
as identifying at what distance 

retail clusters begin to form. 

Pros 

Easy to calculate and 
understand; requires only 

basic frequency data. 

Analyzes patterns at multiple 
scales; doesn't lose information 

by grouping points into boxes. 

Cons 
(Limitations) 

Scale-dependent: Changing 
the size of the boxes can 
change the results (The 

Modifiable Areal Unit Problem). 

Computationally intensive; 
requires precise coordinate data 

for every point. 

Table 4.3 Summary of quadrat analysis and Ripley’s K-function. 
 
 

Pilot questions 4.3 

1. What is the null hypothesis in spatial randomness testing? 
2. Identify one global and one local measure of spatial autocorrelation. 
3. Explain the principle behind Moran’s I. 
4. What does quadrat analysis involve? 
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5. How does Ripley’s K-function differ from quadrat analysis? 

 

4.4 Applications Of Spatial Statistical Analysis 

Spatial statistical techniques are not only theoretical tools, they are applied in real-world 
contexts to solve practical geographic problems. In this Part, we shall examine how these 
methods are used in settlement studies, environmental and ecological research, and 
urban and regional planning. By exploring these applications, you will see how the 
concepts and methods introduced earlier in the Series are directly relevant to everyday 
geographic challenges. 

4.4.1 Analysing settlement patterns 

Settlement studies often rely on spatial statistics to determine whether human 
settlements are clustered, dispersed, or randomly distributed. For example, nearest-
neighbour analysis can be used to assess whether villages in a rural area are concentrated 
along rivers or evenly spread across the landscape. Measures of spatial autocorrelation, 
such as Moran’s I, can also reveal whether population densities in neighbouring towns are 
similar. 

Fill in the blank: Nearest-neighbour analysis is often used to determine whether 
settlements are __________, dispersed, or random. 

Figure 4.4 Settlement distribution patterns. 
 
 

4.4.2 Environmental and ecological applications 
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Spatial statistics are widely used in environmental and ecological studies. Quadrat 
analysis, for instance, can help ecologists determine whether plant species are clustered 
in certain habitats or spread uniformly. Ripley’s K-function allows researchers to examine 
clustering at multiple scales, which is useful for studying animal populations or disease 
spread in ecosystems. 

In environmental management, spatial autocorrelation measures can reveal whether 
pollution levels are concentrated in specific areas or dispersed across a region. These 
insights guide policy decisions and resource allocation. 

Fill in the blank: Quadrat analysis is commonly used in __________ studies to examine 
species distribution. 

Feature Quadrat Analysis Ripley’s K-function 

Data Type Frequency/Counts Point Locations (Coordinates) 

Scale Fixed (size of quadrat) Multi-scale (variable radius) 

Sensitivity 
Affected by "Modifiable Areal Unit 

Problem" 

Less sensitive to boundary 
effects 

Box 4.4 Applications of spatial statistics in ecology. 
 
 

4.4.3 Urban and regional planning case studies 

Urban planners use spatial statistics to evaluate the distribution of facilities such as 
schools, hospitals, and markets. By applying measures of central tendency and 
dispersion, they can assess whether services are equitably distributed across 
neighbourhoods. Nearest-neighbour analysis may reveal clustering of amenities in certain 
districts, while spatial autocorrelation can highlight inequalities in housing quality or 
income levels. 

Regional planning also benefits from these techniques. For example, analysing transport 
networks with line data helps planners identify areas of congestion or under-served 
regions. Spatial statistics thus provide evidence-based insights for designing more 
balanced and sustainable urban systems. 
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Fill in the blank: Urban planners often use spatial statistics to evaluate the distribution of 
__________ such as schools and hospitals. 

Planning Focus Application Statistical Goal 

Settlement 
Distribution 

Analyzing residential 
patterns to identify urban 
sprawl or densification. 

Nearest Neighbor Analysis: To 
determine if housing developments 
are clustering or spreading into rural 

fringes. 

Facility 
Location 

Determining the optimal 
site for a new fire station 

or park. 

Location-Allocation Modeling: To 
minimize the average distance 

residents must travel to reach a 
service. 

Transport 
Networks 

Modeling traffic flow and 
identifying "bottleneck" 

intersections. 

Network Autocorrelation: To see if 
congestion at one point is 

statistically linked to road geometry 
or nearby land use. 

Public Health 

Mapping access to 
grocery stores in low-
income areas ("Food 

Deserts"). 

Buffer & Overlay Analysis: 
Quantifying the percentage of a 

population living outside a walking 
radius of fresh food. 

Environmental 
Justice 

Correlating industrial 
zone locations with 

socio-economic 
demographics. 

Bivariate Spatial Correlation: To 
test if industrial pollution sites are 

disproportionately located near 
marginalized communities. 

Table 4.4 Applications of spatial statistics in urban and regional planning. 
 
 

Pilot questions 4.4 

1. What statistical method can be used to analyse settlement clustering? 
2. How does Ripley’s K-function assist in ecological studies? 
3. Give one example of how spatial autocorrelation can be applied in environmental 

management. 
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4. Identify two ways urban planners use spatial statistics. 
5. What type of spatial data is most useful for analysing transport networks? 

 

Series Summary 

This Series has introduced you to the essential principles and practices of spatial 
statistics, showing how statistical methods can be applied to understand and interpret 
geographic patterns. Its purpose has been to provide you with a solid foundation for 
analysing spatial data, moving from basic concepts to practical applications that are 
directly relevant to geographic research and planning. 

We began with the foundations of spatial statistics, where you explored the meaning of 
spatial data, its types, and the importance of spatial autocorrelation. We then moved on to 
descriptive approaches, examining measures of central tendency and dispersion, as well 
as visualisation techniques and nearest-neighbour analysis. Following that, we studied 
inferential approaches, including hypothesis testing for spatial randomness, Moran’s I, 
Geary’s C, quadrat analysis, and Ripley’s K-function. Finally, we applied these methods to 
real-world contexts such as settlement studies, ecological research, and urban planning. 
By completing this Series, you should now be able to define key concepts, explain 
descriptive and inferential techniques, demonstrate their use in analysing spatial data, 
apply them to case studies, and analyse geographic problems using appropriate statistical 
tools, as outlined in the Series Learning Outcomes. 

 

Glossary of Terms 

Area data: Spatial data that represent bounded regions such as administrative 
boundaries, forest reserves, or agricultural plots. 

Central tendency: A statistical measure that identifies the typical or average value in a 
dataset, commonly expressed as the mean, median, or mode. 

Dispersion: A statistical measure that shows how values in a dataset are spread out or 
vary, using indicators such as range, variance, and standard deviation. 

Geary’s C: A local measure of spatial autocorrelation that highlights differences between 
neighbouring values, useful for detecting local variations in spatial patterns. 

Line data: Spatial data that represent linear features such as roads, rivers, or pipelines. 
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Mean: The arithmetic average of a dataset, calculated by dividing the sum of all values by 
the number of observations. 

Median: The middle value in a dataset when the values are arranged in order. 

Mode: The most frequently occurring value in a dataset. 

Moran’s I: A global measure of spatial autocorrelation that indicates whether values 
across a dataset are clustered, dispersed, or random. 

Nearest-neighbour analysis: A statistical method used to determine whether point data 
are clustered, dispersed, or randomly distributed by comparing observed distances with 
expected distances. 

Point data: Spatial data that represent specific locations, such as schools, rainfall 
stations, or towns. 

Quadrat analysis: A method that divides a study area into equal-sized squares (quadrats) 
and counts the number of events in each to assess clustering, randomness, or uniformity. 

Ripley’s K-function: A statistical technique that examines spatial patterns at multiple 
scales by comparing observed and expected numbers of points within given distances. 

Scatterplot: A type of graph that shows the relationship between two variables by plotting 
data points on a two-dimensional plane. 

Spatial autocorrelation: The degree to which values at one location are similar to values 
at neighbouring locations, indicating whether data are clustered, dispersed, or random. 

Spatial data: Information that has a geographical or locational component, meaning each 
observation can be linked to a specific point, line, or area on the earth’s surface. 

Standard deviation: A measure of dispersion that shows how far values typically deviate 
from the mean in a dataset. 

Variance: A measure of dispersion that calculates the average squared deviation of values 
from the mean. 

Visualisation techniques: Methods such as maps, scatterplots, and heatmaps used to 
represent spatial data in graphical form to reveal patterns and relationships. 

 

Concept Check Questions  



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Objective Questions 

1. Which of the following is an example of point data? 

a. A river network 
b. A rainfall station 
c. A country boundary 
d. A forest reserve 
(Linked to SLO 4.1) 

2. The measure of dispersion that calculates the average squared deviation from the 
mean is: 

a. Range 
b. Variance 
c. Median 
d. Mode 
(Linked to SLO 4.3) 

3. When the observed distance between points is smaller than expected in nearest-
neighbour analysis, the pattern is: 

a. Random 
b. Clustered 
c. Dispersed 
d. Uniform 
(Linked to SLO 4.5) 

4. Moran’s I is a: 

a. Local measure of spatial autocorrelation 
b. Global measure of spatial autocorrelation 
c. Measure of central tendency 
d. Measure of dispersion 
(Linked to SLO 4.7) 

5. Quadrat analysis divides a study area into equal-sized: 

a. Circles 
b. Squares 
c. Triangles 
d. Polygons 
(Linked to SLO 4.8) 
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Short-Answer Questions 

6. Define spatial data and give one example. 
(Linked to SLO 4.1) 
7. Explain the difference between mean and median in the context of spatial data. 
(Linked to SLO 4.3) 
8. Identify two visualisation techniques used in spatial statistics and state their 
purpose. 
(Linked to SLO 4.4) 
9. What is the null hypothesis in spatial randomness testing? 
(Linked to SLO 4.9) 
10. Give one example of how spatial autocorrelation can be applied in environmental 
management. 
(Linked to SLO 4.9) 

Long-Answer Questions 

11. Analyse the importance of spatial autocorrelation in geographic research, 
distinguishing between positive and negative autocorrelation. 
(Linked to SLO 4.2 and SLO 4.7) 
12. Evaluate the strengths and limitations of nearest-neighbour analysis when applied 
to settlement studies. 
(Linked to SLO 4.5 and SLO 4.9) 
13. Discuss the applications of Ripley’s K-function in ecological studies, explaining 
how it differs from quadrat analysis. 
(Linked to SLO 4.8 and SLO 4.9) 

 

Answers to Concept Check Questions  

Objective Questions 

1. A rainfall station 
2. Variance 
3. Clustered 
4. Global measure of spatial autocorrelation 
5. Squares 

Short-Answer Questions 

6. Spatial data refers to information with a geographical component, such as the 
location of a school. 
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7. The mean is the arithmetic average of values, while the median is the middle value 
when data is ordered. 
8. Choropleth maps show values across areas using shading, while scatterplots 
display relationships between two variables. 
9. The null hypothesis assumes that events or features are randomly distributed 
across space. 
10. Spatial autocorrelation can reveal whether pollution levels are concentrated in 
specific areas, guiding environmental policy. 

Long-Answer Questions 

11. Importance of spatial autocorrelation 

Basic response: Spatial autocorrelation measures similarity between 
neighbouring locations. Positive autocorrelation means similar values cluster 
together, while negative autocorrelation means dissimilar values are near each 
other. 

Value-added response: Beyond basic clustering, spatial autocorrelation helps 
identify spatial processes such as diffusion of innovations, spread of diseases, 
or socio-economic inequalities. It also highlights violations of independence 
assumptions in statistical modelling, making it crucial for accurate geographic 
analysis. 

12. Strengths and limitations of nearest-neighbour analysis 

Basic response: Nearest-neighbour analysis identifies whether point data are 
clustered, random, or dispersed by comparing observed and expected 
distances. 

Value-added response: While useful for settlement studies, it has limitations 
such as sensitivity to boundary effects and scale. It cannot capture multi-scale 
clustering, and results may vary depending on study area size. Combining it with 
other methods, such as Ripley’s K-function, provides more robust insights. 

13. Applications of Ripley’s K-function in ecological studies 

Basic response: Ripley’s K-function examines clustering or dispersion at 
multiple scales, making it useful for studying species distribution. It differs from 
quadrat analysis, which only tests clustering at a single scale. 

Value-added response: In ecology, Ripley’s K-function can detect patterns of 
species interaction, habitat preferences, or disease spread across different 
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distances. It provides richer insights into spatial processes than quadrat 
analysis, which may oversimplify complex ecological phenomena 

 

Answers to Pilot Questions  

Part 4.1 Foundations of Spatial Statistics 

1. Spatial data is information with a geographical component, for example the 
coordinates of a school. 

2. The three main types of spatial data are point, line, and area data. 
3. Point data represent specific locations, while line data represent linear features 

such as roads or rivers. 
4. Spatial autocorrelation is the degree to which values at one location are similar to 

values at neighbouring locations. 
5. Positive spatial autocorrelation occurs when similar values are found close 

together, while negative autocorrelation occurs when dissimilar values are found 
near each other. 

Part 4.2 Descriptive Approaches to Spatial Patterns 

1. Central tendency refers to the typical or average value in a dataset, for example the 
mean. 

2. Variance shows the average squared deviation from the mean. 
3. Two visualisation techniques are choropleth maps and scatterplots. 
4. Nearest-neighbour analysis compares observed and expected distances between 

points to determine clustering, randomness, or dispersion. 
5. A clustered pattern occurs when observed distances between points are smaller 

than expected. 

Part 4.3 Inferential Approaches in Spatial Statistics 

1. The null hypothesis in spatial randomness testing assumes that events are 
randomly distributed across space. 

2. Moran’s I is a global measure of spatial autocorrelation, while Geary’s C is a local 
measure. 

3. Moran’s I indicates whether spatial autocorrelation is positive, negative, or absent 
across the dataset. 

4. Quadrat analysis involves dividing a study area into equal-sized squares and 
counting events in each. 

5. Ripley’s K-function differs from quadrat analysis because it examines clustering or 
dispersion at multiple spatial scales. 
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Part 4.4 Applications of Spatial Statistical Analysis 

1. Nearest-neighbour analysis can be used to analyse settlement clustering. 
2. Ripley’s K-function helps ecologists study clustering or dispersion of species at 

multiple scales. 
3. Spatial autocorrelation can be applied in environmental management to identify 

areas with concentrated pollution levels. 
4. Urban planners use spatial statistics to evaluate the distribution of facilities and 

assess inequalities in housing or income. 
5. Line data are most useful for analysing transport networks 

 

References and Attributions  

This section compiles all references and attributions for Series 4: Introductory Spatial 
Statistics. It includes sources suggested for illustrations, open educational resources 
(OERs), and notes on AI-generated placeholders. The referencing style used here follows 
APA (7th edition). 

General References 

• Bailey, T. C., & Gatrell, A. C. (1995). Interactive spatial data analysis. Longman 
Scientific & Technical. 

• Fotheringham, A. S., Brunsdon, C., & Charlton, M. (2000). Quantitative geography: 
Perspectives on spatial data analysis. Sage Publications. 

• O’Sullivan, D., & Unwin, D. (2010). Geographic information analysis (2nd ed.). Wiley. 
• Open Educational Resources (OER Commons). (n.d.). Retrieved from 
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Figures 

• Figure 4.1 Examples of spatial data types 
Attribution: AI-generated placeholder. Prompt: “Generate a simple diagram 
showing a map with points (cities), a line (river), and an area (country boundary).” 
Platform: Microsoft Copilot image generation. Suggested OER search string: “OER 
diagram types of spatial data geography.” 

• Figure 4.2 Visualisation techniques for spatial data 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing a 
choropleth map with shaded regions and a scatterplot of two variables.” Platform: 
Microsoft Copilot image generation. Suggested OER search string: “OER choropleth 
scatterplot geography.” 

• Figure 4.3 Patterns of spatial randomness 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing three 

https://www.oercommons.org/
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maps side by side: random, clustered, and dispersed point distributions.” Platform: 
Microsoft Copilot image generation. Suggested OER search string: “OER diagram 
spatial randomness patterns geography.” 

• Figure 4.4 Settlement distribution patterns 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing three 
maps with clustered, dispersed, and random settlement distributions.” Platform: 
Microsoft Copilot image generation. Suggested OER search string: “OER settlement 
distribution patterns geography.” 

Tables 

• Table 4.1 Classification of spatial data types with examples 
Attribution: AI-generated placeholder. Prompt: “Create a table showing point, line, 
and area data with examples in geography.” Suggested OER search string: “OER 
table classification of spatial data geography.” 

• Table 4.2 Measures of central tendency and dispersion with geographic 
examples 
Attribution: AI-generated placeholder. Prompt: “Create a table showing mean, 
median, mode, range, variance, and standard deviation with examples in 
geography.” Suggested OER search string: “OER table descriptive statistics 
geography.” 

• Table 4.3 Summary of quadrat analysis and Ripley’s K-function 
Attribution: AI-generated placeholder. Prompt: “Create a table comparing quadrat 
analysis and Ripley’s K-function with definitions, applications, and limitations.” 
Suggested OER search string: “OER quadrat analysis Ripley’s K-function 
geography.” 

• Table 4.4 Applications of spatial statistics in urban and regional planning 
Attribution: AI-generated placeholder. Prompt: “Create a table summarising 
applications of spatial statistics in urban planning, including settlement 
distribution, facility location, and transport networks.” Suggested OER search 
string: “OER urban planning applications spatial statistics.” 

Boxes 

• Box 4.1 Key features of spatial autocorrelation 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising 
positive and negative spatial autocorrelation with simple examples.” Suggested 
OER search string: “OER spatial autocorrelation summary geography.” 

• Box 4.2 Steps in nearest-neighbour analysis 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising the 
steps in nearest-neighbour analysis with simple examples.” Suggested OER search 
string: “OER nearest neighbour analysis geography.” 

• Box 4.3 Comparison of Moran’s I and Geary’s C 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising 
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Moran’s I and Geary’s C with definitions and differences.” Suggested OER search 
string: “OER Moran’s I Geary’s C geography.” 

Box 4.4 Applications of spatial statistics in ecology 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising ecological 
applications of quadrat analysis and Ripley’s K-function.” Suggested OER search string: 
“OER ecological applications spatial statistics.” 
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Outline for Series 5 
Part 5.1: Identifying Complex Geographic Problems 

• 5.1.1: Characteristics of complex geographic problems 
• 5.1.2: Examples in physical and human geography 
• 5.1.3: Role of quantitative techniques in problem definition 

Part 5.2: Quantitative Models and Approaches 

• 5.2.1: Regression analysis in geography 
• 5.2.2: Spatial interaction models 
• 5.2.3: Multivariate techniques for geographic data 

Part 5.3: Case Applications of Quantitative Techniques 

• 5.3.1: Urban planning and transport analysis 
• 5.3.2: Environmental management and resource allocation 
• 5.3.3: Population and health geography 

Part 5.4: Evaluating and Communicating Results 

• 5.4.1: Interpretation of statistical outputs 
• 5.4.2: Visualisation and mapping of results 
• 5.4.3: Limitations and ethical considerations in quantitative geography 

 

Introduction 
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Geographers are often faced with problems that are complex in nature, involving multiple 
variables, overlapping processes, and dynamic interactions across space. From managing 
urban growth to addressing environmental challenges, these problems require more than 
simple description, they demand systematic approaches that can break down complexity 
into manageable parts. Quantitative techniques provide exactly this support, offering 
structured methods to analyse, model, and interpret geographic phenomena in ways that 
lead to clearer insights and practical solutions. 

The aim of this Series is to enable you to apply quantitative techniques to real-world 
geographic problems, equipping you with the skills to select appropriate methods, 
implement them effectively, and interpret their results with confidence. 

We shall commence this Series by identifying the characteristics of complex geographic 
problems and examining examples from both physical and human geography. Next, we will 
move on to quantitative models and approaches, including regression analysis, spatial 
interaction models, and multivariate techniques. Following that, we will explore case 
applications in areas such as urban planning, environmental management, and population 
studies. Finally, we will conclude by evaluating and communicating results, focusing on 
interpretation, visualisation, and ethical considerations in quantitative geography. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 identify the characteristics of complex geographic problems and explain 
why they require quantitative approaches, 

• SLO 5.2 apply regression analysis and spatial interaction models to analyse 
geographic data, 

• SLO 5.3 demonstrate the use of multivariate techniques in simplifying complex 
spatial datasets, 

• SLO 5.4 analyse case applications of quantitative techniques in urban planning, 
environmental management, and population studies, and 

• SLO 5.5 evaluate and communicate statistical results effectively, including 
interpretation, visualisation, and consideration of limitations and ethics. 

 

5.1 Identifying Complex Geographic Problems 

Complex geographic problems are those that involve multiple interacting variables, 
overlapping processes, and dynamic changes across space and time. Examples include 
rapid urbanisation, climate change impacts, deforestation, and uneven distribution of 
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resources. These problems are often difficult to address using simple descriptive methods 
because they require systematic approaches that can capture relationships among 
different factors. Quantitative techniques help to simplify such complexity by breaking 
problems into measurable components, allowing geographers to analyse them more 
effectively. 

5.1.1 Characteristics of complex geographic problems 

Complex geographic problems usually share certain features. They often involve large 
datasets, multiple variables, and spatial relationships that are not immediately obvious. 
For instance, traffic congestion in a city may be influenced by road networks, population 
density, land use, and economic activity. Such problems also tend to be dynamic, meaning 
they change over time, and they often require predictive modelling to anticipate future 
trends. 

Fill in the blank: Complex geographic problems are often influenced by multiple __________ 
that interact across space and time. 

Problem Geographic Complexity 

Climate 
Change 

Involves global atmospheric shifts, local sea-level rise, economic 
shifts in energy, and international policy disputes. 

Urban 
Sprawl 

Requires balancing the need for affordable housing with the 
preservation of agricultural land and the management of traffic 

congestion. 

Water 
Scarcity 

Often involves rivers that cross international borders, leading to 
tension between upstream industrial needs and downstream 

agricultural survival. 

Box 5.1 Characteristics of complex geographic problems. 
 
 

5.1.2 Examples in physical and human geography 

In physical geography, complex problems include climate variability, soil erosion, and 
biodiversity loss. These issues involve natural processes interacting with human activities, 
making them difficult to isolate and study. In human geography, examples include urban 
sprawl, migration patterns, and socio-economic inequalities. Each of these problems 
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requires quantitative methods to identify patterns, measure relationships, and propose 
solutions. 

Fill in the blank: Urban sprawl and migration patterns are examples of complex problems 
in __________ geography. 

Figure 5.1 Examples of complex geographic problems. 
 
 

5.1.3 Role of quantitative techniques in problem definition 
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Quantitative techniques play a crucial role in defining complex geographic problems. They 
allow researchers to measure variables, identify correlations, and build models that 
explain how different factors interact. For example, regression analysis can show how 
rainfall influences crop yield, while spatial interaction models can explain flows of people 
or goods between regions. By applying these techniques, geographers can move from 
vague descriptions to precise definitions that guide effective solutions. 

Fill in the blank: Regression analysis can be used to show how __________ influences crop 
yield. 

Technique Definition Geographic Application 

Regression 
Analysis 

A statistical method used to 
model the relationship 
between a dependent 

variable and one or more 
independent variables. 

Predicting Property Value: 
Estimating house prices based on 

proximity to parks, local school 
ratings, and air quality levels. 

Spatial 
Interaction 

Models 

Models (like the Gravity 
Model) that estimate the 
flow of people, goods, or 

information between 
locations. 

Retail Planning: Predicting how 
many customers will travel from a 

specific neighborhood to a new 
shopping mall based on distance 

and mall size. 

Multivariate 
Techniques 

A suite of methods (like 
Factor Analysis or Cluster 
Analysis) used to analyze 
more than two variables at 

once. 

Neighborhood Profiling: Grouping 
city census tracts into "types" (e.g., 

"Young Professionals" or "Retiree 
Hubs") based on age, income, and 

transit use. 

Table 5.1 Quantitative techniques and their role in defining problems. 
 
 

Pilot questions 5.1 

1. List two characteristics of complex geographic problems. 
2. Give one example of a complex problem in physical geography. 
3. Identify one example of a complex problem in human geography. 
4. Explain the role of regression analysis in defining geographic problems. 
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5. What type of model can be used to explain flows of people or goods between 
regions? 

 

5.2 Quantitative Models And Approaches 

Quantitative models provide geographers with systematic ways of simplifying and 
analysing complex problems. These models allow us to represent relationships between 
variables, test hypotheses, and make predictions about spatial phenomena. In this Part, 
we shall explore regression analysis, spatial interaction models, and multivariate 
techniques, each of which offers unique insights into geographic data. 

5.2.1 Regression analysis in geography 

Regression analysis is a statistical method used to examine the relationship between a 
dependent variable and one or more independent variables. In geography, regression can 
help explain how factors such as rainfall, soil fertility, and access to markets influence 
crop yield. It can also be used to predict future outcomes, such as population growth 
based on economic indicators. 

Regression models may be simple (involving one independent variable) or multiple 
(involving several independent variables). The strength of regression lies in its ability to 
quantify relationships and provide predictive insights. 

Fill in the blank: Regression analysis examines the relationship between a __________ 
variable and one or more independent variables. 
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Figure 5.2 Regression analysis applied to geographic data. 
 
 

5.2.2 Spatial interaction models 

Spatial interaction models are used to explain flows of people, goods, or information 
between locations. They are based on the idea that interaction decreases with distance 
but increases with the size or importance of places. A common example is the gravity 
model, which predicts flows between two places based on their population size and 
distance apart. 
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These models are widely applied in transport planning, migration studies, and trade 
analysis. For instance, they can estimate the number of commuters travelling between two 
cities or the volume of goods exchanged between regions. 

Fill in the blank: The __________ model predicts flows between places based on population 
size and distance. 

 
Box 5.2 Key features of spatial interaction models. 

 
 

5.2.3 Multivariate techniques for geographic data 
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Multivariate techniques involve the analysis of datasets with multiple variables at once. 
These methods are particularly useful in geography because complex problems often 
involve many interacting factors. Examples include factor analysis, which reduces large 
datasets into key underlying dimensions, and cluster analysis, which groups similar 
observations together. 

Multivariate techniques help geographers identify hidden patterns and simplify complex 
datasets. For example, factor analysis can reveal the main drivers of urbanisation, while 
cluster analysis can classify regions based on socio-economic characteristics. 

Fill in the blank: __________ analysis is a multivariate technique that groups similar 
observations together. 

Technique Definition Geographic Application 

Factor 
Analysis 

A statistical method used to 
describe variability among 

observed, correlated 
variables in terms of a lower 

number of unobserved 
variables called factors. 

Urban Social Area Analysis: Reducing 
dozens of census variables (income, 

education, housing age, ethnicity) into 
a few key factors like "Socio-economic 

Status" or "Family Cycle" to map city 
structures. 

Cluster 
Analysis 

A technique used to group a 
set of objects (or locations) 
in such a way that objects in 

the same group are more 
similar to each other than to 

those in other groups. 

Regionalization: Grouping different 
counties or census tracts into 

"clusters" based on similar 
demographic profiles to identify 

distinct neighborhood types (e.g., 
"Retirement Communities" vs. 

"Industrial Hubs"). 

Table 5.2 Examples of multivariate techniques and their applications in geography. 
 
 

Pilot questions 5.2 

1. What does regression analysis examine in geography? 
2. Give one example of how regression analysis can be applied to geographic data. 
3. Which model predicts flows between places based on population size and 

distance? 
4. Identify one application of spatial interaction models. 
5. Name two multivariate techniques used in geography 
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5.3 Case Applications Of Quantitative Techniques 

Quantitative techniques become most meaningful when applied to real-world geographic 
problems. In this Part, we shall explore how these methods are used in practice, focusing 
on urban planning and transport analysis, environmental management and resource 
allocation, and population and health geography. Each application demonstrates how 
statistical tools can simplify complexity and provide evidence-based solutions. 

5.3.1 Urban planning and transport analysis 

Urban planners often rely on quantitative techniques to evaluate the distribution of 
facilities, assess transport networks, and plan for future growth. Regression analysis can 
be used to examine how factors such as income levels and population density influence 
housing demand. Spatial interaction models, such as the gravity model, help estimate 
flows of commuters between residential and employment areas. These insights guide 
decisions on where to build new roads, schools, or hospitals. 

Fill in the blank: The gravity model is often used to estimate flows of __________ between 
residential and employment areas. 
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Figure 5.3 Urban commuter flows modelled using quantitative techniques. 
 
 

5.3.2 Environmental management and resource allocation 

Quantitative techniques are essential in environmental studies, where problems such as 
pollution, deforestation, and water scarcity require careful measurement and analysis. 
Multivariate techniques can identify the main drivers of environmental degradation, while 
spatial autocorrelation measures can reveal whether pollution levels are clustered in 
specific areas. These methods support resource allocation by helping policymakers 
decide where interventions are most needed. 
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Fill in the blank: Multivariate techniques can identify the main __________ of environmental 
degradation. 

Quantitative Tools in Environmental Management 

• Regression Analysis: Identifying Drivers of Change 
• Application: Modeling the relationship between industrial runoff 

(independent variable) and fish population decline (dependent variable). 
• Management Use: Setting legal limits on pollutant discharge based on the 

predicted impact on local ecosystems. 
• Multivariate Analysis: Assessing Complex Risk 

• Application: Combining data on slope steepness, soil type, vegetation 
cover, and rainfall intensity to identify landslide-prone areas. 

• Management Use: Creating "zoning maps" that restrict building permits in 
high-risk environmental zones. 

• Spatial Autocorrelation: Tracking Contamination 
• Application: Testing groundwater for toxins and using Moran’s I to see if 

high levels are clustered near a specific landfill (Positive Autocorrelation) 
or randomly distributed. 

• Management Use: Determining if a pollution event is a localized "point 
source" that can be cleaned up or a widespread regional issue. 

 
Box 5.3 Applications of quantitative techniques in environmental management. 

 
 

5.3.3 Population and health geography 

In population and health studies, quantitative methods help explain demographic trends 
and health outcomes. For example, regression analysis can show how education levels 
affect fertility rates, while cluster analysis can identify regions with similar health 
challenges. Spatial statistics also play a role in mapping disease outbreaks, enabling 
health authorities to detect clusters and plan targeted interventions. 

Fill in the blank: Cluster analysis can be used to identify regions with similar __________ 
challenges. 

Technique Description 
Population/Health 

Geography Example 
Key Goal 

Regression 
Analysis 

Models the 
relationship 

Examining how local air 
quality (PM2.5 levels) and 

To Predict or 
Explain: To 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Technique Description 
Population/Health 

Geography Example 
Key Goal 

between a 
dependent 

variable 
(outcome) and 

one or more 
independent 

variables 
(factors). 

poverty rates predict the 
prevalence of childhood 

asthma in urban zip 
codes. 

determine which 
environmental 
factors most 

strongly influence 
health outcomes. 

Cluster 
Analysis 

Identifies groups 
of data points that 

are more similar 
to each other 

than to those in 
other groups. 

Grouping neighborhoods 
based on similar 

demographic profiles, 
such as age, income, and 

proximity to grocery 
stores ("Food Deserts"). 

To Categorize: To 
identify distinct 

socio-economic or 
health "profiles" 

within a large 
population. 

Spatial 
Statistics 

Analyzes the 
location, 

attributes, and 
relationship of 

features based on 
their geographic 

proximity. 

Using Hot Spot Analysis 
(Getis-Ord Gi*) to identify 

statistically significant 
geographic 

concentrations of a 
disease outbreak, like 

West Nile Virus. 

To Identify 
Patterns: To 
distinguish 

between true 
geographic "hot 

spots" and random 
occurrences. 

Table 5.3 Quantitative techniques applied in population and health geography. 
 
 

Pilot questions 5.3 

1. How can regression analysis be applied in urban planning? 
2. What model is commonly used to estimate commuter flows? 
3. Identify one way quantitative techniques support environmental management. 
4. What method can be used to detect clusters of pollution or disease outbreaks? 
5. Give one example of how cluster analysis is applied in health geography. 
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5.4 Evaluating And Communicating Results 

Quantitative techniques are most valuable when their results are carefully evaluated and 
clearly communicated. In this Part, we shall focus on how to interpret statistical outputs, 
how to visualise and present findings, and how to recognise limitations and ethical 
considerations in quantitative geography. These skills ensure that analysis is not only 
accurate but also meaningful and responsible. 

5.4.1 Interpretation of statistical outputs 

Interpreting statistical results involves more than reading numbers. It requires 
understanding what the values mean in context. For example, a regression coefficient 
shows the strength and direction of the relationship between variables, while a p-value 
indicates whether the relationship is statistically significant. In geography, interpretation 
must always connect back to spatial processes, such as explaining how income levels 
influence housing demand or how rainfall affects crop yield. 

Fill in the blank: A __________ coefficient shows the strength and direction of the 
relationship between variables. 
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Box 5.4 Guidelines for interpreting statistical outputs. 

 
 

5.4.2 Visualisation and mapping of results 

Visualisation transforms statistical results into forms that are easier to understand and 
communicate. Common techniques include charts, graphs, and maps. For example, a 
choropleth map can show variations in population density across regions, while a 
scatterplot can illustrate the relationship between two variables. Effective visualisation 
highlights key findings and makes them accessible to both technical and non-technical 
audiences. 
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Fill in the blank: A __________ map uses shading to represent values across different areas. 

Figure 5.4 Visualisation of statistical results using a choropleth map. 
 
 

5.4.3 Limitations and ethical considerations in quantitative geography 

Every quantitative technique has limitations. Regression models may oversimplify complex 
relationships, while spatial interaction models may not capture cultural or political 
influences. Multivariate techniques can reduce complexity but may hide important local 
variations. 
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Ethical considerations are equally important. Geographers must ensure that data is 
collected responsibly, that privacy is respected, and that results are not misused to 
reinforce inequalities. Communicating limitations and ethical issues alongside results 
builds trust and ensures responsible practice. 

Fill in the blank: Quantitative techniques must be applied responsibly, with attention to 
limitations and __________ considerations. 

Technique Methodological Limitations 
Ethical Considerations & 

"Notes" 

Regression 
Analysis 

The MAUP (Modifiable Areal 
Unit Problem): Results change 
depending on how you draw the 
boundaries (e.g., zip codes vs. 

census tracts). 

Redlining Risk: Models might 
"prove" a correlation between 

location and risk, which can be 
used to unfairly deny services or 
loans to specific neighborhoods. 

Spatial 
Interaction 

(Gravity 
Model) 

Distance Decay Bias: Often 
oversimplifies human behavior 

by assuming people always 
choose the closest option, 

ignoring cultural or personal 
preferences. 

Exclusionary Planning: Using 
interaction models to place 
facilities can favor wealthy, 

mobile populations while 
ignoring the "friction of distance" 

for those without cars. 

Multivariate 
Techniques 
(e.g., PCA) 

Complexity vs. Clarity: Can 
become "black boxes" where it 
is difficult to see which specific 
variable is driving the outcome. 

Algorithmic Bias: If the input 
data contains historical 

prejudices, multivariate models 
will amplify those biases, 

masking discrimination as 
"statistical significance." 

Cluster 
Analysis 

(Hotspots) 

Temporal Lag: Maps show 
where events happened, not 
necessarily where they will 

happen, yet they are often used 
for prediction. 

Over-policing: Identifying crime 
"hotspots" can lead to 
aggressive policing in 

marginalized areas, creating a 
feedback loop where more 

police find more crime. 

Table 5.4 Limitations and ethical considerations in quantitative geography. 
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Pilot questions 5.4 

1. What does a regression coefficient indicate? 
2. Identify one visualisation technique used to present statistical results. 
3. What type of map uses shading to represent values across areas? 
4. Give one limitation of regression analysis in geography. 
5. Why are ethical considerations important in quantitative geography? 

 

Series Summary 

This Series has focused on how quantitative techniques can be applied to simplify and 
analyse complex geographic problems. Its purpose has been to equip you with practical 
tools for breaking down complexity into measurable components, enabling clearer insights 
and evidence-based solutions. 

We began by identifying the characteristics of complex geographic problems and exploring 
examples from both physical and human geography. We then examined quantitative 
models and approaches, including regression analysis, spatial interaction models, and 
multivariate techniques. Following this, we applied these methods to case studies in urban 
planning, environmental management, and population and health geography. Finally, we 
considered how results are evaluated and communicated, with emphasis on 
interpretation, visualisation, and ethical practice. By completing this Series, you should 
now be able to define complex problems, apply appropriate quantitative models, 
demonstrate their use in case applications, and evaluate and communicate findings 
responsibly, in line with the Series Learning Outcomes. 

 

Glossary of Terms 

Choropleth map: A type of map that uses shading to represent values across different 
areas, commonly used to show population density or income levels. 

Cluster analysis: A multivariate technique that groups similar observations together, 
often used to classify regions with shared characteristics. 

Complex geographic problems: Issues involving multiple interacting variables and 
processes across space and time, such as urban sprawl, climate change, or migration. 

Environmental management applications: The use of quantitative methods to measure 
pollution, resource allocation, and drivers of environmental degradation. 
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Factor analysis: A statistical method that reduces large datasets into key underlying 
dimensions, helping to identify main drivers of geographic phenomena. 

Gravity model: A spatial interaction model that predicts flows between places based on 
their population size and distance apart. 

Multivariate techniques: Methods used to analyse datasets with multiple variables 
simultaneously, revealing hidden patterns and simplifying complexity. 

Population and health geography: The study of demographic and health-related issues 
using quantitative techniques such as regression and cluster analysis. 

Regression analysis: A statistical technique that examines the relationship between a 
dependent variable and one or more independent variables, often used for prediction. 

Regression coefficient: A value that shows the strength and direction of the relationship 
between variables in regression analysis. 

Spatial autocorrelation: The degree to which values at one location are similar to values 
at neighbouring locations, indicating clustering or dispersion. 

Spatial interaction models: Models that explain flows of people, goods, or information 
between locations, often influenced by distance and size of places. 

Statistical outputs: Results generated from quantitative analysis, such as coefficients, p-
values, or correlation values, which require careful interpretation. 

Urban planning applications: The use of quantitative techniques to evaluate facility 
distribution, transport networks, and housing demand in cities. 

Visualisation techniques: Methods such as maps, charts, and graphs used to present 
statistical results in accessible and meaningful ways. 

 

Concept Check Questions [Series 5] 

Objective Questions 

1. Which of the following is an example of a complex geographic problem? 

a. Measuring rainfall in one location 
b. Urban sprawl in a growing city 
c. Counting the number of schools in a district 
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d. Mapping a single river course 
(Linked to SLO 5.1) 

2. Regression analysis examines the relationship between: 

a. Two independent variables 
b. A dependent variable and one or more independent variables 
c. Two dependent variables 
d. Random variables only 
(Linked to SLO 5.2) 

3. The __________ model predicts flows between places based on population size and 
distance. 

a. Cluster 
b. Gravity 
c. Factor 
d. Regression 
(Linked to SLO 5.2) 

4. Which multivariate technique groups similar observations together? 

a. Factor analysis 
b. Cluster analysis 
c. Regression analysis 
d. Spatial interaction model 
(Linked to SLO 5.3) 

5. A choropleth map represents values across areas using: 

a. Symbols 
b. Shading 
c. Lines 
d. Points 
(Linked to SLO 5.5) 

Short-Answer Questions 

1. Define a complex geographic problem and give one example. 
(Linked to SLO 5.1) 

2. Explain the role of regression analysis in geography. 
(Linked to SLO 5.2) 

3. Identify one application of spatial interaction models in urban planning. 
(Linked to SLO 5.2, SLO 5.4) 
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4. What is the purpose of factor analysis in multivariate techniques? 
(Linked to SLO 5.3) 

5. Why are ethical considerations important when applying quantitative techniques in 
geography? 
(Linked to SLO 5.5) 

Long-Answer Questions 

1. Analyse the importance of quantitative techniques in simplifying complex 
geographic problems, with examples from physical and human geography. 
(Linked to SLO 5.1, SLO 5.4) 

2. Evaluate the strengths and limitations of spatial interaction models, particularly the 
gravity model, in transport and migration studies. 
(Linked to SLO 5.2, SLO 5.4) 

3. Discuss how multivariate techniques such as factor and cluster analysis can be 
applied in population and health geography, highlighting their advantages and 
challenges. 
(Linked to SLO 5.3, SLO 5.4) 

 

Answers to Concept Check Questions [Series 5] 

Objective Questions 

1. Urban sprawl in a growing city 
2. A dependent variable and one or more independent variables 
3. Gravity 
4. Cluster analysis 
5. Shading 

Short-Answer Questions 

6. A complex geographic problem involves multiple interacting variables, e.g. climate 
change impacts on agriculture. 
7. Regression analysis examines how independent variables influence a dependent 
variable, e.g. rainfall affecting crop yield. 
8. Spatial interaction models can estimate commuter flows between residential and 
employment areas. 
9. Factor analysis reduces large datasets into key underlying dimensions, simplifying 
complexity. 
10. Ethical considerations ensure responsible use of data, protect privacy, and prevent 
misuse of results. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Long-Answer Questions 

1. Importance of quantitative techniques 

• Basic response: Quantitative techniques simplify complexity by measuring 
variables and identifying relationships, e.g. rainfall and crop yield in physical 
geography, or income and housing demand in human geography. 

• Value-added response: They also enable predictive modelling, reveal hidden 
patterns, and support evidence-based policy decisions, making them indispensable 
in addressing global challenges such as climate change or urbanisation. 

2. Strengths and limitations of spatial interaction models 

• Basic response: Spatial interaction models, such as the gravity model, predict flows 
between places based on size and distance, useful in transport and migration 
studies. 

• Value-added response: However, they may oversimplify by ignoring cultural, 
political, or technological factors. Their strength lies in providing a baseline for 
flows, but they should be combined with qualitative insights for a fuller picture. 

3. Applications of multivariate techniques in population and health geography 

• Basic response: Factor analysis identifies main drivers of demographic trends, 
while cluster analysis groups regions with similar health challenges. 

• Value-added response: These techniques allow policymakers to target 
interventions more effectively, but challenges include data quality, 
oversimplification, and the risk of overlooking local variations. 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 Identifying Complex Geographic Problems 

1. Complex geographic problems often involve multiple variables and dynamic 
changes across space and time. 

2. Climate variability is an example of a complex problem in physical geography. 
3. Urban sprawl is an example of a complex problem in human geography. 
4. Regression analysis helps define problems by showing how independent variables 

(e.g. rainfall) influence dependent variables (e.g. crop yield). 
5. Spatial interaction models, such as the gravity model, can explain flows of people 

or goods between regions. 

Part 5.2 Quantitative Models And Approaches 
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1. Regression analysis examines the relationship between a dependent variable and 
one or more independent variables. 

2. It can be applied to predict crop yield based on rainfall. 
3. The gravity model predicts flows between places based on population size and 

distance. 
4. Spatial interaction models can be applied to estimate commuter flows or trade 

volumes. 
5. Two multivariate techniques are factor analysis and cluster analysis. 

Part 5.3 Case Applications Of Quantitative Techniques 

1. Regression analysis can be applied in urban planning to examine how income levels 
and population density influence housing demand. 

2. The gravity model is commonly used to estimate commuter flows between 
residential and employment areas. 

3. Quantitative techniques support environmental management by identifying drivers 
of degradation and guiding resource allocation. 

4. Spatial autocorrelation or cluster analysis can be used to detect clusters of 
pollution or disease outbreaks. 

5. Cluster analysis can identify regions with similar health challenges. 

Part 5.4 Evaluating And Communicating Results 

1. A regression coefficient indicates the strength and direction of the relationship 
between variables. 

2. One visualisation technique is a scatterplot or choropleth map. 
3. A choropleth map uses shading to represent values across areas. 
4. A limitation of regression analysis is that it may oversimplify complex relationships. 
5. Ethical considerations are important to ensure responsible data use, protect 

privacy, and prevent misuse of results. 

 

References and Attributions 

This section compiles all references and attributions for Series 5: Applied Quantitative 
Techniques in Geography. It includes sources suggested for illustrations, open 
educational resources (OERs), and notes on AI-generated placeholders. The referencing 
style used here follows APA (7th edition). 
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Scientific & Technical. 
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Perspectives on spatial data analysis. Sage Publications. 

• O’Sullivan, D., & Unwin, D. (2010). Geographic information analysis (2nd ed.). Wiley. 
• Open Educational Resources (OER Commons). (n.d.). Retrieved from 

https://www.oercommons.org 

Figures 

• Figure 5.1 Examples of complex geographic problems 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing 
physical geography problems (climate change, erosion) and human geography 
problems (urban sprawl, migration).” Platform: Microsoft Copilot image generation. 
Suggested OER search string: “OER examples complex geographic problems 
physical human geography.” 

• Figure 5.2 Regression analysis applied to geographic data 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing a 
scatterplot with a regression line predicting crop yield from rainfall.” Platform: 
Microsoft Copilot image generation. Suggested OER search string: “OER regression 
analysis geography scatterplot.” 

• Figure 5.3 Urban commuter flows modelled using quantitative techniques 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing 
commuter flows between two cities using the gravity model.” Platform: Microsoft 
Copilot image generation. Suggested OER search string: “OER gravity model 
commuter flows geography.” 

• Figure 5.4 Visualisation of statistical results using a choropleth map 
Attribution: AI-generated placeholder. Prompt: “Generate a diagram showing a 
choropleth map of population density with shaded regions.” Platform: Microsoft 
Copilot image generation. Suggested OER search string: “OER choropleth map 
population density geography.” 

Tables 

• Table 5.1 Quantitative techniques and their role in defining problems 
Attribution: AI-generated placeholder. Prompt: “Create a table listing regression 
analysis, spatial interaction models, and multivariate techniques with their uses in 
geography.” Suggested OER search string: “OER quantitative techniques geography 
problem definition.” 

• Table 5.2 Examples of multivariate techniques and their applications in 
geography 
Attribution: AI-generated placeholder. Prompt: “Create a table listing factor 
analysis and cluster analysis with definitions and geographic applications.” 
Suggested OER search string: “OER multivariate techniques geography factor 
cluster analysis.” 

https://www.oercommons.org/
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• Table 5.3 Quantitative techniques applied in population and health geography 
Attribution: AI-generated placeholder. Prompt: “Create a table listing regression 
analysis, cluster analysis, and spatial statistics with examples in population and 
health geography.” Suggested OER search string: “OER population health 
geography quantitative techniques.” 

• Table 5.4 Limitations and ethical considerations in quantitative geography 
Attribution: AI-generated placeholder. Prompt: “Create a table listing limitations of 
regression, spatial interaction, and multivariate techniques, with ethical notes.” 
Suggested OER search string: “OER limitations ethics quantitative geography.” 

Boxes 

• Box 5.1 Characteristics of complex geographic problems 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising the 
main characteristics of complex geographic problems with examples.” Suggested 
OER search string: “OER complex geographic problems geography.” 

• Box 5.2 Key features of spatial interaction models 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising the 
gravity model and its applications in geography.” Suggested OER search string: 
“OER gravity model geography spatial interaction.” 

• Box 5.3 Applications of quantitative techniques in environmental management 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising how 
regression, multivariate analysis, and spatial autocorrelation are applied in 
environmental management.” Suggested OER search string: “OER environmental 
management quantitative techniques geography.” 

• Box 5.4 Guidelines for interpreting statistical outputs 
Attribution: AI-generated placeholder. Prompt: “Create a text box summarising how 
to interpret regression coefficients, p-values, and correlation results.” Suggested 
OER search string: “OER interpreting statistical outputs geography. 
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