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Series 1: Sampling and Sampling Distributions 

Suggested Outline of Main Parts and Sub-Parts 

• 1.1 Introduction to Sampling 

• 1.1.1 Definition of sampling 

• 1.1.2 Importance of sampling in statistics 

• 1.1.3 Types of populations and samples 

• 1.2 Methods of Sampling 

• 1.2.1 Simple random sampling 

• 1.2.2 Stratified sampling 

• 1.2.3 Systematic sampling 

• 1.2.4 Cluster sampling 

• 1.3 Sampling Distributions 

• 1.3.1 Concept of a sampling distribution 

• 1.3.2 Sampling distribution of the mean 

• 1.3.3 Sampling distribution of the proportion 

• 1.4 Properties of Sampling Distributions 

• 1.4.1 Mean and variance of the sampling distribution 

• 1.4.2 Standard error 

• 1.4.3 Relationship to population parameters 

• 1.5 Applications of Sampling Distributions 

• 1.5.1 Role in estimation 

• 1.5.2 Role in hypothesis testing 

• 1.5.3 Practical examples in socio-economic studies 

 

Introduction 

Statistics often deals with large populations, yet it is rarely possible to collect data 

from every individual. Instead, we rely on sampling, which allows us to study a 
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smaller group and make inferences about the whole population. Understanding 

how samples behave, and how their distributions relate to population parameters, is 

fundamental to statistical inference. This Series will therefore provide you with the 

foundation needed to appreciate the role of sampling in estimation and hypothesis 

testing, which are central themes of this course. 

The aim of this Series is to introduce you to the principles of sampling and to 

explain how sampling distributions are constructed and applied in statistical 

inference. By the end of the Series, you should be able to describe different 

sampling methods, explain the concept of a sampling distribution, and evaluate its 

properties and applications. 

We shall commence this Series by examining the basic ideas of sampling, 

including definitions, importance, and the distinction between populations and 

samples. Next, we will explore various sampling methods such as simple random, 

stratified, systematic, and cluster sampling. Following that, we will study the 

concept of sampling distributions, focusing on the mean and proportion. 

Subsequently, we will analyse the properties of sampling distributions, including 

mean, variance, and standard error. Finally, we will conclude by considering 

practical applications of sampling distributions in estimation, hypothesis testing, 

and socio-economic studies. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define the concept of sampling and explain its importance in 

statistical inference, 

• SLO 1.2 describe and differentiate between major methods of sampling 

including simple random, stratified, systematic, and cluster sampling, 

• SLO 1.3 explain the concept of a sampling distribution and illustrate how it 

applies to the mean and proportion, 

• SLO 1.4 analyse the properties of sampling distributions by evaluating their 

mean, variance, and standard error, and 

• SLO 1.5 apply the principles of sampling distributions to practical contexts 

such as estimation, hypothesis testing, and socio-economic studies. 

 

1.1 Introduction to Sampling 
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Sampling is a fundamental concept in statistics because it is often impractical or 

impossible to collect data from an entire population. A population is the complete 

set of individuals, items, or data points that we are interested in studying, while a 

sample is a smaller subset of that population selected for analysis. By studying 

samples, we can make inferences about populations without the need for 

exhaustive data collection. 

Fill in the blank: A __________ is the complete set of individuals or items under 

study, while a sample is a smaller subset of it. 

1.1.1 Definition of Sampling 

Sampling is the process of selecting a subset of individuals or items from a 

population to represent the whole. It allows researchers to gather information 

efficiently and make generalisations about the population. 

 

Diagram showing population and sample relationship 

 

 

1.1.2 Importance of Sampling in Statistics 

Sampling is important because it saves time, reduces cost, and makes data 

collection feasible. For example, instead of surveying every household in a 

country, a government agency can select a representative sample to estimate 

average income levels. Sampling also enables researchers to apply statistical 

methods to test hypotheses and estimate parameters. 
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Fill in the blank: Sampling is important because it saves __________, reduces cost, 

and makes data collection feasible. 

 

1.1.3 Types of Populations and Samples 

Populations can be finite, such as the number of students in a university, or infinite, 

such as the number of possible outcomes when rolling a die repeatedly. Samples 

can be random, where every member of the population has an equal chance of 

selection, or non-random, where selection is based on convenience or judgement. 

Examples of finite and infinite populations 
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Fill in the blank: A population of students in a university is an example of a 

__________ population. 

Pilot Questions 1.1 

1. A population refers to: A. A subset of individuals selected for study B. The 

complete set of individuals or items under study C. A group chosen by 

convenience D. None of the above 

2. Sampling is defined as: A. Collecting data from the entire population B. 

Selecting a subset of individuals or items to represent the population C. 

Estimating parameters without data D. None of the above 

3. Sampling is important because it: A. Saves time and reduces cost B. Always 

gives exact population values C. Eliminates the need for statistics D. None 

of the above 

4. A population of households in a country is: A. Infinite B. Finite C. Random 

D. None of the above 

5. A sample where every member of the population has an equal chance of 

selection is called: A. Non-random sample B. Random sample C. 

Convenience sample D. None of the above 

 

1.2 Methods of Sampling 
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When conducting statistical studies, the way in which a sample is selected 

from a population is crucial. Different sampling methods provide different 

levels of accuracy and reliability. A good sampling method ensures that the 

sample is representative of the population, thereby allowing valid inferences 

to be made. 

Fill in the blank: A good sampling method ensures that the __________ is 

representative of the population. 

1.2.1 Simple random sampling 

Simple random sampling is a method where every member of the 

population has an equal chance of being selected. This can be achieved using 

random number tables, lottery methods, or computer-generated 

randomisation. It is considered the most straightforward and unbiased 

method of sampling. 

 

 

Illustration of simple random sampling process 

 

 1.2.2 Stratified sampling 
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Stratified sampling involves dividing the population into distinct groups, 

called strata, based on shared characteristics such as age, gender, or income 

level. Samples are then 

 drawn from each stratum, often proportionally, to ensure representation of 

all groups. 

Fill in the blank: Stratified sampling divides the population into __________ 

based on shared characteristics. 

1.2.3 Systematic sampling 

Systematic sampling selects members of the population at regular intervals. 

For example, if you have a list of 1,000 households and you want a sample 

of 100, you might select every 10th household after choosing a random 

starting point. This method is simple to apply but may introduce bias if there 

is a hidden pattern in the population list. 

 

Illustration of systematic sampling with every 10th unit selected 

1.2.4 Cluster sampling 

Cluster sampling involves dividing the population into groups, or clusters, 

and then randomly selecting entire clusters for study. This is often used 

when populations are spread across wide geographical areas. For example, a 
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researcher might select a few schools at random and study all students 

within those schools. 

Fill in the blank: Cluster sampling involves selecting entire __________ for 

study rather than individuals. 

Pilot Questions 1.2 

1. In simple random sampling: A. Every member of the population has an 

equal chance of selection B. Only certain groups are selected C. Members 

are chosen at regular intervals D. None of the above 

2. Stratified sampling divides the population into: A. Clusters B. Strata C. 

Random groups without criteria D. None of the above 

3. Systematic sampling selects members: A. Randomly without order B. At 

regular intervals from a list C. Only from certain strata D. None of the above 

4. Cluster sampling involves: A. Selecting individuals randomly from the 

population B. Selecting entire groups or clusters for study C. Selecting every 

nth member of the population D. None of the above 

5. Which sampling method is most suitable when populations are spread across 

wide geographical areas? A. Simple random sampling B. Stratified sampling 

C. Cluster sampling D. None of the above 

 

1.3 Sampling Distributions 

When we take repeated samples from a population, the values of sample 

statistics such as the mean or proportion will vary. The pattern of this 

variation is described by a sampling distribution, which is the probability 

distribution of a statistic based on repeated sampling. Sampling distributions 

are central to statistical inference because they allow us to estimate 

population parameters and assess the reliability of our estimates. 

Fill in the blank: A sampling distribution is the probability distribution of a 

__________ based on repeated sampling. 

1.3.1 Concept of a Sampling Distribution 

A sampling distribution shows how a statistic, such as the sample mean, 

behaves when many samples are drawn from the same population. For 

example, if we repeatedly take samples of size 30 from a population and 
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calculate the mean each time, the distribution of those means forms the 

sampling distribution of the mean. 

 

Illustration of repeated sampling and distribution of sample means  

 

 

 

 

1.3.2 Sampling Distribution of the Mean 

The sampling distribution of the mean is particularly important. Its mean 

equals the population mean, and its spread depends on the sample size. 

Larger samples produce less variability, making the sample mean a more 

reliable estimator. 

Fill in the blank: The mean of the sampling distribution of the mean equals 

the __________ mean. 

1.3.3 Sampling Distribution of the Proportion 

The sampling distribution of the proportion describes how sample 

proportions vary when repeatedly drawn from a population. For example, if 

we sample groups of voters and record the proportion supporting a 

candidate, the distribution of those proportions forms the sampling 

distribution of the proportion. 
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Illustration of sampling distribution of proportions 

 

 

 

 

 

Fill in the blank: The sampling distribution of the proportion describes how 

sample __________ vary when repeatedly drawn from a population. 

Pilot Questions 1.3 

1. A sampling distribution refers to: A. The distribution of population values B. 

The distribution of a statistic based on repeated sampling C. The distribution 

of errors in data collection D. None of the above 

2. The mean of the sampling distribution of the mean equals: A. The sample 

mean B. The population mean C. Zero D. None of the above 

3. Larger sample sizes in the sampling distribution of the mean lead to: A. 

Greater variability B. Less variability C. No change in variability D. None of 

the above 

4. The sampling distribution of the proportion describes: A. How sample 

proportions vary across repeated samples B. How sample means vary across 

repeated samples C. How population parameters vary D. None of the above 
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5. Which of the following is central to statistical inference? A. Sampling 

distribution B. Convenience sampling C. Population size D. None of the 

above 

 

1.4 Properties of Sampling Distributions 

The usefulness of sampling distributions lies in their properties, which 

describe how sample statistics behave in relation to population parameters. 

These properties help us to evaluate the reliability of estimates and to 

understand the variability inherent in sampling. 

Fill in the blank: The properties of sampling distributions help us to evaluate 

the __________ of estimates. 

1.4.1 Mean and variance of the sampling distribution 

The mean of the sampling distribution of a statistic is equal to the 

population parameter it estimates. For example, the mean of the sampling 

distribution of the sample mean equals the population mean. The variance 

of the sampling distribution depends on the sample size: larger samples 

reduce variance, making estimates more stable. 

 

 

Relationship between sample size and variance of sampling distribution 
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1.4.2 Standard error 

The standard error is the standard deviation of a sampling distribution. It 

measures the average distance between a sample statistic and the population 

parameter. Smaller standard errors indicate more precise estimates. Standard 

error decreases as sample size increases, which is why larger samples are 

preferred in statistical studies. 

Fill in the blank: The standard error is the __________ deviation of a 

sampling distribution. 

1.4.3 Relationship to population parameters 

Sampling distributions are directly linked to population parameters. For 

example, the mean of the sampling distribution of the sample mean equals 

the population mean, and the variance of the sampling distribution is related 

to the population variance divided by the sample size. This relationship 

ensures that sample statistics can be used to make valid inferences about 

populations. 

Key relationships between sampling distributions and population parameters 
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Fill in the blank: The variance of the sampling distribution of the mean 

equals the population variance divided by the __________ size. 

Pilot Questions 1.4 

1. The mean of the sampling distribution of the sample mean equals: A. The 

sample mean B. The population mean C. Zero D. None of the above 

2. The variance of the sampling distribution decreases when: A. Sample size 

increases B. Sample size decreases C. Population size increases D. None of 

the above 

3. The standard error is defined as: A. The mean of the sampling distribution B. 

The standard deviation of the sampling distribution C. The variance of the 

population D. None of the above 

4. Smaller standard errors indicate: A. Less precise estimates B. More precise 

estimates C. No change in precision D. None of the above 

5. The variance of the sampling distribution of the mean equals: A. Population 

variance multiplied by sample size B. Population variance divided by sample 

size C. Sample variance divided by population size D. None of the above 

 

1.5 Applications of Sampling Distributions 

Sampling distributions are not just theoretical concepts, they have practical 

applications in statistical inference. They provide the foundation for 

estimation and hypothesis testing, allowing researchers to make evidence-

based decisions about populations using sample data. 

Fill in the blank: Sampling distributions provide the foundation for 

__________ and hypothesis testing. 

1.5.1 Role in estimation 

In estimation, sampling distributions help us construct confidence intervals, 

which give a range of plausible values for a population parameter. For 

example, if we want to estimate the average income of households, the 

sampling distribution of the mean allows us to calculate how close our 

sample mean is likely to be to the true population mean. 
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Illustration of confidence interval derived from sampling distribution 

1.5.2 Role in hypothesis testing 

In hypothesis testing, sampling distributions allow us to determine whether 

observed sample statistics are consistent with a null hypothesis. By 

comparing the sample statistic to the expected distribution under the null 

hypothesis, we can decide whether to reject or retain the hypothesis. 

Fill in the blank: In hypothesis testing, sampling distributions allow us to 

determine whether observed sample statistics are consistent with a 

__________ hypothesis. 

1.5.3 Practical examples in socio-economic studies 

Sampling distributions are widely applied in socio-economic contexts. For 

instance, governments use them to estimate unemployment rates, literacy 

levels, or poverty rates based on sample surveys. Businesses use them to 

forecast demand or evaluate customer satisfaction. These applications 

demonstrate how sampling distributions bridge the gap between limited 

sample data and broader population insights. 

Examples of socio-economic applications of sampling distributions 



 

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

Application Statistical Usage 
Socio-Economic 

Impact 

Unemployment 

Surveys 

Sampling 

distributions of 

proportions are 

used to estimate the 

national jobless rate 

from monthly 

household surveys. 

Guides central bank 

decisions on interest 

rates and government 

welfare spending. 

Literacy & 

Education 

Studies 

Researchers use 

sampling 

distributions of 

means to estimate 

the average reading 

level or years of 

schooling in a 

region. 

Helps NGOs and 

governments allocate 

resources to 

underperforming 

school districts. 

Demand 

Forecasting 

Retailers and utility 

companies analyze 

the distribution of 

sample averages to 

predict future 

consumption of 

goods or electricity. 

Prevents supply chain 

shortages and assists 

in long-term 

infrastructure planning 

(e.g., building new 

power plants). 

Public Health 

Initiatives 

Estimating the 

prevalence of a 

disease or the 

percentage of a 

population 

vaccinated. 

Informs the scale of 

vaccination campaigns 

and emergency 

medical resource 

distribution. 
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Application Statistical Usage 
Socio-Economic 

Impact 

Poverty Line 

Assessments 

Using sample data 

to estimate the 

mean household 

income and the 

proportion of 

people living below 

a specific threshold. 

Determines eligibility 

for international aid 

and national social 

safety net programs. 

 

  

Fill in the blank: Governments use sampling distributions to estimate 

__________ rates, literacy levels, or poverty rates based on sample surveys. 

 

 

Pilot Questions 1.5 

1. Sampling distributions are used in estimation to: A. Construct confidence 

intervals B. Eliminate sampling error C. Increase population size D. None of 

the above 

2. Confidence intervals provide: A. Exact population values B. A range of 

plausible values for a population parameter C. Random guesses about the 

population D. None of the above 

3. In hypothesis testing, sampling distributions help to: A. Compare sample 

statistics to the null hypothesis B. Increase the sample size C. Reduce 

population variance D. None of the above 

4. Governments use sampling distributions to estimate: A. Population size B. 

Unemployment and literacy rates C. Exact income of every household D. 

None of the above 

5. Businesses apply sampling distributions to: A. Forecast demand and 

evaluate customer satisfaction B. Increase production automatically C. 

Eliminate competition D. None of the above 
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Series Summary 

This Series has provided you with a clear foundation in sampling and 

sampling distributions, which are essential for statistical inference. We 

began by introducing the concept of sampling, highlighting its importance 

and the distinction between populations and samples. We then examined 

different sampling methods, including simple random, stratified, systematic, 

and cluster sampling, before moving on to the concept of sampling 

distributions. At this stage, we explored the sampling distribution of the 

mean and proportion, followed by an analysis of their properties such as 

mean, variance, and standard error. Finally, we considered practical 

applications of sampling distributions in estimation, hypothesis testing, and 

socio-economic studies. 

By completing this Series, you should now be able to define sampling and 

explain its importance, describe and differentiate between sampling 

methods, explain and illustrate the concept of a sampling distribution, 

analyse its properties, and apply these principles to real-world contexts. 

These abilities directly align with the Series Learning Outcomes and prepare 

you for deeper engagement with estimation and hypothesis testing in 

subsequent Series. 

Glossary of Terms 

• Cluster sampling: A method where the population is divided into groups, or 

clusters, and entire clusters are randomly selected for study. 

• Population: The complete set of individuals, items, or data points that a 

study seeks to investigate. 

• Sample: A subset of the population selected for analysis, used to make 

inferences about the population. 

• Sampling distribution: The probability distribution of a statistic, such as 

the mean or proportion, based on repeated sampling from a population. 

• Simple random sampling: A method where every member of the 

population has an equal chance of being selected. 

• Standard error: The standard deviation of a sampling distribution, 

measuring the precision of a sample statistic as an estimate of a population 

parameter. 
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• Stratified sampling: A method where the population is divided into strata, 

or groups, based on shared characteristics, and samples are drawn from each 

stratum. 

• Systematic sampling: A method where members of the population are 

selected at regular intervals after a random starting point. 

Concept Check Questions 1 

Objective Questions 

1. The complete set of individuals or items under study is called the 

__________. (Linked to SLO 1.1) 

2. Which sampling method involves dividing the population into strata based 

on shared characteristics? (Linked to SLO 1.2) 

3. The mean of the sampling distribution of the sample mean equals the 

__________ mean. (Linked to SLO 1.3) 

4. The standard error is defined as the __________ deviation of a sampling 

distribution. (Linked to SLO 1.4) 

5. Sampling distributions provide the foundation for __________ and 

hypothesis testing. (Linked to SLO 1.5) 

Short-Answer Questions 

6. Define simple random sampling and explain why it is considered unbiased. 

(Linked to SLO 1.2) 

7. Explain the difference between finite and infinite populations with 

examples. (Linked to SLO 1.1) 

8. Describe the role of sampling distributions in constructing confidence 

intervals. (Linked to SLO 1.5) 

Long-Answer Questions 

9. Discuss the concept of a sampling distribution, highlighting the sampling 

distribution of the mean and proportion. (Linked to SLO 1.3) 

10. Analyse the properties of sampling distributions, including mean, variance, 

and standard error, and explain their importance in statistical inference. (Linked to 

SLO 1.4) 

11. Evaluate the applications of sampling distributions in socio-economic 

studies, providing at least two practical examples. (Linked to SLO 1.5) 
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Answers to Concept Check Questions 1 

Objective Questions 

1. Population 

2. Stratified sampling 

3. Population mean 

4. Standard 

5. Estimation 

Short-Answer Questions 

6. Simple random sampling is a method where every member of the population 

has an equal chance of selection. It is unbiased because no individual is favoured 

over another. 

7. A finite population has a limited number of members, such as students in a 

university. An infinite population has outcomes that can continue indefinitely, such 

as repeated dice rolls. 

8. Sampling distributions allow us to estimate the variability of sample 

statistics, which is used to construct confidence intervals around population 

parameters. 

Long-Answer Questions 

9. Basic response: A sampling distribution is the probability distribution of a 

statistic based on repeated sampling. The sampling distribution of the mean shows 

how sample means vary, while the sampling distribution of the proportion shows 

how sample proportions vary. Value-added response: Beyond the basics, learners 

may note that these distributions underpin the Central Limit Theorem, which states 

that the sampling distribution of the mean approaches normality as sample size 

increases, regardless of population distribution. 

10. Basic response: The mean of the sampling distribution equals the population 

mean, variance decreases with larger sample sizes, and the standard error measures 

precision. Value-added response: Advanced learners may explain how these 

properties justify the reliability of statistical inference and how they are applied in 

constructing confidence intervals and hypothesis testing. 

11. Basic response: Sampling distributions are applied in socio-economic 

studies such as estimating unemployment rates or literacy levels. Value-added 

response: Outstanding learners may extend this by discussing how sampling 
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distributions are used in policy analysis, demand forecasting, and evaluating 

interventions, emphasising their role in evidence-based decision-making. 

Answers to Pilot Questions 1 

Part 1.1: 1-B, 2-B, 3-A, 4-B, 5-B Part 1.2: 1-A, 2-B, 3-B, 4-B, 5-C Part 

1.3: 1-B, 2-B, 3-B, 4-A, 5-A Part 1.4: 1-B, 2-A, 3-B, 4-B, 5-B Part 1.5: 1-

A, 2-B, 3-A, 4-B, 5-A 

References and Attributions 1 

• Open Educational Resources (OER) in statistics and probability. 

• Suggested illustration prompts: 

• Figure 1.1: Population and sample relationship (AI prompt: “Generate 

a simple diagram showing a large circle labelled ‘Population’ and a 

smaller circle labelled ‘Sample’ drawn from it”). 

• Figure 1.2: Simple random sampling process (AI prompt: “Generate a 

diagram showing a population of dots with a random subset 

highlighted to represent simple random sampling”). 

• Figure 1.3: Systematic sampling illustration (AI prompt: “Create a 

diagram showing systematic sampling by selecting every nth item 

from a list”). 

• Figure 1.4: Repeated sampling and distribution of sample means (AI 

prompt: “Generate a diagram showing repeated samples drawn from a 

population and the resulting distribution of sample means”). 

• Figure 1.5: Sampling distribution of proportions (AI prompt: “Create 

a diagram showing repeated samples of voters with varying 

proportions supporting a candidate, forming a distribution”). 

• Figure 1.6: Relationship between sample size and variance (AI 

prompt: “Generate a diagram showing two sampling distributions, one 

with small sample size (wide spread) and one with large sample size 

(narrow spread)”). 

• Figure 1.7: Confidence interval derived from sampling distribution 

(AI prompt: “Generate a diagram showing a sampling distribution 

curve with a confidence interval marked around the mean”). 

• Box 1.1: Key relationships between sampling distributions and population 

parameters (AI prompt: “Create a summary box listing key relationships: 
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mean of sampling distribution = population mean; variance of sampling 

distribution = population variance / sample size”). 

• Box 1.2: Socio-economic applications of sampling distributions (AI prompt: 

“Create a summary box listing socio-economic applications such as 

unemployment surveys, literacy studies, and demand forecasting”). 

 

 

Series 2: Point and Interval Estimation 

Series Outline 

• 2.1 Introduction to Estimation 

• 2.1.1 Definition of estimation 

• 2.1.2 Importance of estimation in statistical inference 

• 2.2 Point Estimation 

• 2.2.1 Concept of point estimators 

• 2.2.2 Properties of point estimators: unbiasedness, efficiency, 

consistency 

• 2.3 Interval Estimation 

• 2.3.1 Confidence intervals for means 

• 2.3.2 Confidence intervals for proportions 

• 2.3.3 Confidence intervals for variances 

• 2.4 Applications of Estimation 

• 2.4.1 Role in decision-making 

• 2.4.2 Practical examples in socio-economic studies 

 

 

 

Introduction 

In statistical inference, estimation provides a way of using sample data to make 

statements about population parameters. Since it is rarely possible to measure an 
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entire population, estimation allows us to approximate unknown values with a 

degree of reliability. This Series will therefore equip you with the tools to 

understand how estimators work and how confidence intervals provide ranges of 

plausible values for parameters. 

The aim of this Series is to explain the concepts of point and interval estimation, to 

analyse the properties of estimators, and to demonstrate how estimation is applied 

in practical contexts. 

We shall commence this Series by introducing the concept of estimation and its 

importance in statistical inference. Next, we will explore point estimation, focusing 

on the properties of estimators such as unbiasedness, efficiency, and consistency. 

Following that, we will study interval estimation, including confidence intervals 

for means, proportions, and variances. Finally, we will conclude by considering 

applications of estimation in decision-making and socio-economic studies. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 define estimation and explain its importance in statistical inference, 

• SLO 2.2 describe point estimators and analyse their properties of 

unbiasedness, efficiency, and consistency, 

• SLO 2.3 construct confidence intervals for means, proportions, and 

variances, 

• SLO 2.4 evaluate the role of estimation in decision-making and apply it to 

socio-economic contexts. 

2.1 Introduction to Estimation 

Estimation is a key process in statistical inference because it allows us to use 

sample data to make statements about population parameters. A parameter is a 

numerical characteristic of a population, such as the mean or proportion, while a 

statistic is the corresponding measure calculated from a sample. Since we rarely 

have access to entire populations, estimation provides a practical way to 

approximate unknown parameters. 

Fill in the blank: A __________ is a numerical characteristic of a population, while 

a statistic is the corresponding measure calculated from a sample. 

2.1.1 Definition of estimation 
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Estimation is the process of inferring the value of a population parameter using 

sample data. It can be carried out in two main forms: point estimation, which 

provides a single value as an estimate, and interval estimation, which provides a 

range of values within which the parameter is likely to lie. 

 

 

Diagram showing population parameter, sample statistic, and estimation process  

 

2.1.2 Importance of estimation in statistical inference 

Estimation is important because it bridges the gap between limited sample data and 

the unknown population parameters. For example, a researcher may estimate the 

average test score of students in a country by analysing a sample of schools. 

Estimation also provides the foundation for confidence intervals and hypothesis 

testing, which are central to statistical decision-making. 

Fill in the blank: Estimation bridges the gap between limited __________ data and 

unknown population parameters. 

Pilot Questions 2.1 

1. A parameter refers to: A. A numerical characteristic of a population B. A 

numerical characteristic of a sample C. A hypothesis about a population D. 

None of the above 
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2. Estimation is defined as: A. The process of collecting population data B. The 

process of inferring population parameters using sample data C. The process 

of eliminating sampling error D. None of the above 

3. Point estimation provides: A. A single value as an estimate B. A range of 

values as an estimate C. Exact population values D. None of the above 

4. Interval estimation provides: A. A single value as an estimate B. A range of 

values within which the parameter is likely to lie C. Exact population 

parameters D. None of the above 

5. Estimation is important because it: A. Bridges the gap between sample data 

and population parameters B. Eliminates the need for hypothesis testing C. 

Always gives exact population values D. None of the above 

 

2.2 Point Estimation 

Point estimation is one of the most fundamental tools in statistical inference. It 

provides a single value, known as a point estimator, which serves as an 

approximation of a population parameter. For example, the sample mean is often 

used as a point estimator of the population mean. Point estimation is valued for its 

simplicity, but its reliability depends on the properties of the estimator being used. 

Fill in the blank: A __________ estimator provides a single value that 

approximates a population parameter. 

2.2.1 Concept of point estimators 

A point estimator is a statistic derived from sample data that is used to estimate an 

unknown population parameter. Common examples include the sample mean for 

estimating the population mean, the sample proportion for estimating the 

population proportion, and the sample variance for estimating the population 

variance. 
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Illustration of point estimation using sample mean to estimate population mean  

 

2.2.2 Properties of point estimators: unbiasedness, efficiency, consistency 

For a point estimator to be considered reliable, it should possess certain desirable 

properties: 

• Unbiasedness: An estimator is unbiased if its expected value equals the true 

population parameter. For example, the sample mean is an unbiased 

estimator of the population mean. 

• Efficiency: An efficient estimator has the smallest variance among all 

unbiased estimators. This means it provides estimates that are closer to the 

true parameter more consistently. 

• Consistency: An estimator is consistent if it approaches the true parameter 

as the sample size increases. In other words, larger samples make the 

estimator more accurate. 

Fill in the blank: An estimator is __________ if its expected value equals the true 

population parameter. 

Properties of point estimators 
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Property Definition Key Concept 

Unbiasedness 

An estimator is unbiased if the 

expected value (the mean of its 

sampling distribution) is exactly equal 

to the true population parameter. 

Accuracy: On average, 

the estimator hits the 

"bullseye." 

Efficiency 

Between two unbiased estimators, the 

more efficient one is the one with the 

smaller variance (standard error). 

Precision: A "tighter" 

distribution with less 

spread around the true 

value. 

Consistency 

An estimator is consistent if it gets 

closer to the true population parameter 

as the sample size ($n$) increases. 

Reliability: Increasing 

data reduces the chance 

of a large error. 

 

Pilot Questions 2.2 

1. A point estimator provides: A. A single value that approximates a population 

parameter B. A range of values for a population parameter C. Exact 

population values D. None of the above 

2. The sample mean is commonly used to estimate: A. Population proportion 

B. Population mean C. Population variance D. None of the above 

3. An estimator is unbiased if: A. Its expected value equals the true population 

parameter B. Its variance is zero C. Its sample size is large D. None of the 

above 

4. Efficiency refers to: A. An estimator with the smallest variance among 

unbiased estimators B. An estimator that always equals the population 

parameter C. An estimator that is biased but consistent D. None of the above 

5. Consistency means that: A. The estimator approaches the true parameter as 

sample size increases B. The estimator always equals the population 

parameter C. The estimator has zero variance D. None of the above 

2.3 Interval Estimation 
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While point estimation provides a single value as an estimate of a population 

parameter, interval estimation goes further by providing a range of values within 

which the parameter is likely to lie. This range is called a confidence interval, and 

it reflects both the estimate and the degree of uncertainty associated with it. 

Interval estimation is therefore more informative than point estimation, as it 

accounts for sampling variability. 

Fill in the blank: A __________ interval provides a range of values within which a 

population parameter is likely to lie. 

2.3.1 Confidence intervals for means 

A confidence interval for the mean is constructed using the sample mean, the 

standard error, and a critical value from the normal or t-distribution, depending on 

the sample size and whether the population variance is known. For example, a 95% 

confidence interval suggests that if we repeatedly sampled and constructed 

intervals, about 95% of them would contain the true population mean. 

 

Illustration of a confidence interval for the mean 

2.3.2 Confidence intervals for proportions 

A confidence interval for a proportion is constructed using the sample 

proportion, its standard error, and a critical value. For example, if 60% of a sample 

supports a policy, the confidence interval provides a range of plausible values for 

the true proportion in the population. 

Fill in the blank: A confidence interval for a proportion is constructed using the 

sample proportion, its __________ error, and a critical value. 
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2.3.3 Confidence intervals for variances 

Confidence intervals can also be constructed for population variances using the 

chi-square distribution. This is particularly useful when assessing variability in 

data, such as the spread of test scores or income levels. 

 

Summary of confidence intervals for mean, proportion, and variance 

 

Fill in the blank: Confidence intervals for variances are constructed using the 

__________ distribution. 

Pilot Questions 2.3 

1. Interval estimation provides: A. A single value estimate B. A range of values 

within which the parameter is likely to lie C. Exact population parameters D. 

None of the above 
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2. A confidence interval for the mean is constructed using: A. Sample mean, 

standard error, and a critical value B. Population mean, variance, and sample 

size C. Sample variance only D. None of the above 

3. A 95% confidence interval suggests that: A. The true parameter is always 

within the interval B. About 95% of intervals constructed from repeated 

samples will contain the true parameter C. The sample mean equals the 

population mean D. None of the above 

4. Confidence intervals for proportions are constructed using: A. Sample 

proportion, standard error, and a critical value B. Population proportion only 

C. Sample mean and variance D. None of the above 

5. Confidence intervals for variances are based on: A. Normal distribution B. 

Chi-square distribution C. t-distribution D. None of the above 

 

2.4 Applications of Estimation 

Estimation is not just a theoretical exercise; it plays a vital role in practical 

decision-making. By providing either point estimates or confidence intervals, 

estimation helps researchers, policymakers, and businesses make informed 

judgements about populations based on limited sample data. 

Fill in the blank: Estimation helps researchers, policymakers, and businesses make 

__________ judgements about populations based on limited sample data. 

2.4.1 Role in decision-making 

In decision-making, estimation provides evidence for planning and evaluation. For 

example, a company may estimate average customer spending to forecast revenue, 

while a government may estimate literacy rates to design educational policies. 

Confidence intervals are particularly useful because they quantify uncertainty, 

allowing decision-makers to weigh risks and benefits more effectively. 
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Illustration of estimation applied to decision-making in business and government 

 

2.4.2 Practical examples in socio-economic studies 

Estimation is widely applied in socio-economic studies. For instance, surveys often 

estimate unemployment rates, poverty levels, or average household income. These 

estimates guide policy formulation and resource allocation. Businesses also use 

estimation to assess market demand, evaluate product performance, and measure 

customer satisfaction. 

Fill in the blank: Surveys often estimate __________ rates, poverty levels, or 

average household income to guide policy formulation. 

 

 

 

 

 

Examples of socio-economic applications of estimation 
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Pilot Questions 2.4 

1. Estimation supports decision-making by: A. Providing evidence for planning 

and evaluation B. Eliminating uncertainty completely C. Always giving 

exact population values D. None of the above 

2. Confidence intervals are useful in decision-making because they: A. Provide 

exact population parameters B. Quantify uncertainty and allow risk 

assessment C. Eliminate the need for sampling D. None of the above 

3. Governments use estimation in socio-economic studies to: A. Forecast 

demand for products B. Estimate unemployment, poverty, and income levels 

C. Increase population size D. None of the above 

4. Businesses apply estimation to: A. Assess market demand and customer 

satisfaction B. Eliminate competition C. Increase population parameters D. 

None of the above 

5. Estimation is important in socio-economic studies because it: A. Provides 

evidence for policy formulation and resource allocation B. Always gives 
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exact values for populations C. Removes the need for surveys D. None of 

the above 

 

Series Summary 

This Series has focused on the principles of point and interval estimation, which 

are central to statistical inference. We began by introducing estimation and its 

importance in bridging the gap between sample statistics and population 

parameters. We then explored point estimation, examining the concept of point 

estimators and their desirable properties of unbiasedness, efficiency, and 

consistency. Following that, we studied interval estimation, with emphasis on 

confidence intervals for means, proportions, and variances. Finally, we considered 

practical applications of estimation in decision-making and socio-economic 

studies. 

By completing this Series, you should now be able to define estimation and explain 

its importance, describe point estimators and analyse their properties, construct 

confidence intervals for different parameters, and evaluate the role of estimation in 

real-world contexts. These abilities directly align with the Series Learning 

Outcomes and prepare you for deeper engagement with hypothesis testing in the 

next Series. 

Glossary of Terms 

• Confidence interval: A range of values within which a population 

parameter is likely to lie, based on sample data. 

• Consistency: A property of an estimator that ensures it approaches the true 

parameter as sample size increases. 

• Efficiency: A property of an estimator that has the smallest variance among 

unbiased estimators. 

• Estimation: The process of inferring the value of a population parameter 

using sample data. 

• Parameter: A numerical characteristic of a population, such as the mean or 

proportion. 

• Point estimator: A statistic derived from sample data that provides a single 

value estimate of a population parameter. 

• Standard error: The standard deviation of a sampling distribution, used in 

constructing confidence intervals. 
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• Unbiasedness: A property of an estimator whose expected value equals the 

true population parameter. 

Concept Check Questions 2 

Objective Questions 

1. A parameter is a numerical characteristic of a __________. (Linked to SLO 

2.1) 

2. A point estimator provides a __________ value estimate of a population 

parameter. (Linked to SLO 2.2) 

3. An estimator is unbiased if its expected value equals the __________ 

parameter. (Linked to SLO 2.2) 

4. Confidence intervals for variances are constructed using the __________ 

distribution. (Linked to SLO 2.3) 

5. Estimation supports decision-making by providing __________ for planning 

and evaluation. (Linked to SLO 2.4) 

Short-Answer Questions 

6. Define estimation and explain why it is important in statistical inference. 

(Linked to SLO 2.1) 

7. Describe the three properties of point estimators. (Linked to SLO 2.2) 

8. Explain how confidence intervals for proportions are constructed. (Linked to 

SLO 2.3) 

Long-Answer Questions 

9. Discuss the concept of point estimation, giving examples of common point 

estimators. (Linked to SLO 2.2) 

10. Analyse the construction of confidence intervals for means, proportions, and 

variances, highlighting their differences. (Linked to SLO 2.3) 

11. Evaluate the applications of estimation in socio-economic studies, providing 

at least two practical examples. (Linked to SLO 2.4) 

Answers to Concept Check Questions 2 

Objective Questions 

1. Population 
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2. Single 

3. Population 

4. Chi-square 

5. Evidence 

Short-Answer Questions 

6. Estimation is the process of inferring population parameters using sample 

data. It is important because it allows generalisations about populations when full 

data collection is impractical. 

7. Unbiasedness (expected value equals true parameter), efficiency (smallest 

variance among unbiased estimators), and consistency (approaches true parameter 

as sample size increases). 

8. Confidence intervals for proportions are constructed using the sample 

proportion, its standard error, and a critical value from the normal distribution. 

Long-Answer Questions 

9. Basic response: Point estimation provides a single value estimate of a 

population parameter. Examples include the sample mean for the population mean 

and the sample proportion for the population proportion. Value-added response: 

Learners may extend this by discussing how point estimators are evaluated using 

properties such as unbiasedness, efficiency, and consistency. 

10. Basic response: Confidence intervals for means use the sample mean, 

standard error, and critical values from normal or t-distributions. Proportions use 

the sample proportion and its standard error. Variances use the chi-square 

distribution. Value-added response: Advanced learners may explain how the 

choice of distribution depends on sample size and whether population variance is 

known, and how confidence levels affect interval width. 

11. Basic response: Estimation is applied in socio-economic studies such as 

estimating unemployment rates or average household income. Value-added 

response: Outstanding learners may extend this by discussing how estimation 

informs policy decisions, resource allocation, and business forecasting, 

emphasising its role in evidence-based planning. 

Answers to Pilot Questions 2 

Part 2.1: 1-A, 2-B, 3-A, 4-B, 5-A Part 2.2: 1-A, 2-B, 3-A, 4-A, 5-A Part 2.3: 1-B, 

2-A, 3-B, 4-A, 5-B Part 2.4: 1-A, 2-B, 3-B, 4-A, 5-A 
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References and Attributions 2 

• Open Educational Resources (OER) in statistics and probability. 

• Suggested illustration prompts: 

• Figure 2.1: Estimation process (AI prompt: “Generate a diagram 

showing a population parameter, a sample statistic, and arrows 

leading to point and interval estimation”). 

• Figure 2.2: Point estimation using sample mean (AI prompt: 

“Generate a diagram showing a population mean, a sample mean, and 

an arrow labelled ‘point estimator’ connecting them”). 

• Figure 2.3: Confidence interval for the mean (AI prompt: “Generate a 

diagram showing a bell curve with a sample mean at the centre and 

shaded confidence interval bounds”). 

• Figure 2.4: Estimation applied to decision-making (AI prompt: 

“Generate a diagram showing estimation applied to business 

(customer spending forecast) and government (literacy rate 

estimation)”). 

• Box 2.1: Properties of point estimators (AI prompt: “Create a summary box 

listing unbiasedness, efficiency, and consistency with short definitions”). 

• Box 2.2: Summary of confidence intervals (AI prompt: “Create a summary 

box listing confidence intervals for mean (normal/t-distribution), proportion 

(standard error), and variance (chi-square distribution)”). 

• Box 2.3: Socio-economic applications of estimation (AI prompt: “Create a 

summary box listing socio-economic applications such as unemployment 

surveys, poverty studies, and household income estimation”). 

 

 

Series 3: Principles of Hypothesis Testing – Outline 

Here is the structured outline for this Series, aligned with the progression of learning: 

• 3.1 Introduction to Hypotheses 

• 3.1.1 Definition of a hypothesis 

• 3.1.2 Role of hypotheses in statistical inference 

• 3.2 Types of Hypotheses 
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• 3.2.1 Null hypothesis (H₀) 

• 3.2.2 Alternative hypothesis (H₁) 

• 3.3 Test Statistics and Distributions 

• 3.3.1 Concept of test statistics 

• 3.3.2 Common test statistics (z, t, chi-square, F) 

• 3.3.3 Sampling distributions of test statistics 

• 3.4 Decision Rules and Levels of Significance 

• 3.4.1 Significance level (α) and p-values 

• 3.4.2 Critical regions and rejection rules 

• 3.4.3 Type I and Type II errors 

• 3.5 Applications of Hypothesis Testing 

• 3.5.1 Role in scientific research 

• 3.5.2 Practical examples in socio-economic studies 

Introduction 

In statistics, hypothesis testing provides a structured way of making decisions about 
populations based on sample data. A hypothesis is a statement about a population 
parameter, and hypothesis testing allows us to evaluate whether the evidence from a 
sample supports or contradicts that statement. This Series will introduce you to the 
principles of hypothesis testing, laying the groundwork for statistical decision-making in 
research and applied contexts. 

The aim of this Series is to explain the concepts and procedures of hypothesis testing, to 
distinguish between different types of hypotheses, and to demonstrate how test statistics 
and decision rules are applied in practice. 

We shall commence this Series by introducing the concept of hypotheses and their role in 
statistical inference. Next, we will explore the types of hypotheses, including null and 
alternative hypotheses. Following that, we will study test statistics and their distributions, 
before moving on to decision rules and levels of significance. Finally, we will conclude by 
considering practical applications of hypothesis testing in socio-economic and scientific 
studies. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 define a hypothesis and explain its role in statistical inference, 

• SLO 3.2 distinguish between null and alternative hypotheses, 
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• SLO 3.3 describe test statistics and their distributions, 

• SLO 3.4 apply decision rules and interpret levels of significance, and 

• SLO 3.5 evaluate practical applications of hypothesis testing in socio-economic 
and scientific contexts. 

 

3.1 Introduction to Hypotheses 

Hypothesis testing begins with the formulation of a hypothesis, which is a statement 
about a population parameter. In statistics, hypotheses provide a framework for making 
decisions based on sample data. For example, a researcher may hypothesise that the 
average income in a city is higher than the national average. Hypothesis testing allows us 
to evaluate whether the evidence from the sample supports or contradicts such a 
statement. 

Fill in the blank: A __________ is a statement about a population parameter that can be 
tested using sample data. 

3.1.1 Definition of a hypothesis 

A hypothesis is a tentative assumption or claim about a population parameter. It is 
subject to testing through statistical methods. Hypotheses are essential because they 
guide the research process, providing a clear question to be answered. 

[Insert Figure here] Caption: Figure 3.1: Diagram showing population parameter, sample 
data, and hypothesis testing process AI prompt suggestion: “Generate a diagram showing 
population parameter, sample data, and arrows leading to hypothesis testing decision.” 
Search string: “hypothesis testing process diagram OER statistics” 

3.1.2 Role of hypotheses in statistical inference 

Hypotheses play a central role in statistical inference by providing a basis for decision-
making. They allow researchers to test assumptions, compare groups, and evaluate 
relationships. For instance, in medical research, hypotheses are used to test whether a 
new treatment is more effective than an existing one. In socio-economic studies, they may 
be used to test whether literacy rates differ between regions. 

Fill in the blank: Hypotheses provide a basis for __________ in statistical inference. 

Pilot Questions 3.1 

1. A hypothesis refers to: A. A statement about a population parameter B. A sample 
statistic C. A research design D. None of the above 

2. Hypotheses are important because they: A. Provide a basis for decision-making in 
statistical inference B. Always give exact population values C. Eliminate sampling 
error D. None of the above 
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3. In hypothesis testing, sample data are used to: A. Confirm population parameters 
without error B. Evaluate whether evidence supports or contradicts a hypothesis C. 
Replace population data entirely D. None of the above 

4. A hypothesis is best described as: A. A tentative assumption about a population 
parameter B. A proven fact about a population C. A random guess with no basis D. 
None of the above 

5. Hypotheses guide the research process by: A. Providing clear questions to be 
answered B. Eliminating the need for data collection C. Guaranteeing unbiased 
results D. None of the above 

3.2 Types of Hypotheses 

In hypothesis testing, we distinguish between two types of hypotheses: the null 
hypothesis (H₀) and the alternative hypothesis (H₁). These form the foundation of 
statistical decision-making, as they represent competing claims about a population 
parameter. 

Fill in the blank: The __________ hypothesis represents the assumption of no effect or no 
difference in a population. 

3.2.1 Null hypothesis (H₀) 

The null hypothesis (H₀) is a statement that assumes no effect, no difference, or no 
relationship exists in the population. It serves as the default or starting assumption in 
hypothesis testing. For example, a null hypothesis might state that the average income in 
two regions is equal. 

[Insert Figure here] Caption: Figure 3.2: Illustration of null hypothesis as the default 
assumption AI prompt suggestion: “Generate a diagram showing null hypothesis as 
baseline assumption with sample data tested against it.” Search string: “null hypothesis 
diagram OER statistics” 

3.2.2 Alternative hypothesis (H₁) 

The alternative hypothesis (H₁) is a statement that contradicts the null hypothesis. It 
suggests that an effect, difference, or relationship does exist. For example, an alternative 
hypothesis might state that the average income in one region is higher than in another. The 
alternative hypothesis is what researchers aim to support with evidence from sample data. 

Fill in the blank: The __________ hypothesis suggests that an effect, difference, or 
relationship exists in the population. 

[Insert Box here] Caption: Box 3.1: Comparison of null and alternative hypotheses AI 
prompt suggestion: “Create a summary box comparing null hypothesis (no 
effect/difference) and alternative hypothesis (effect/difference exists).” Search string: 
“null vs alternative hypothesis summary OER statistics” 

Pilot Questions 3.2 
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1. The null hypothesis (H₀) assumes: A. No effect or difference exists B. An effect or 
difference exists C. The sample mean equals the population mean D. None of the 
above 

2. The alternative hypothesis (H₁) suggests: A. No effect or difference exists B. An 
effect or difference exists C. The null hypothesis is always true D. None of the above 

3. In hypothesis testing, the null hypothesis is considered the: A. Default assumption 
B. Alternative claim C. Proven fact D. None of the above 

4. Researchers aim to provide evidence in support of: A. The null hypothesis B. The 
alternative hypothesis C. Both hypotheses equally D. None of the above 

5. A hypothesis stating that average income in two regions is equal is an example of: A. 
Null hypothesis B. Alternative hypothesis C. Random guess D. None of the above 

 

3.3 Test Statistics and Distributions 

Hypothesis testing relies on test statistics, which are numerical values calculated 
from sample data to assess the plausibility of the null hypothesis. These statistics 
are compared against known probability distributions to determine whether the 
observed results are likely under the assumption of the null hypothesis. 

Fill in the blank: A __________ statistic is a numerical value calculated from sample 
data to assess the plausibility of the null hypothesis. 

3.3.1 Concept of test statistics 

A test statistic summarises the information in the sample relevant to the 
hypothesis being tested. It measures how far the sample result deviates from what 
is expected under the null hypothesis. The larger the deviation, the stronger the 
evidence against the null hypothesis. 

[Insert Figure here] Caption: Figure 3.3: Illustration of test statistic comparing 
sample result to null hypothesis expectation AI prompt suggestion: “Generate a 
diagram showing sample mean compared to population mean under null 
hypothesis, with deviation represented as test statistic.” Search string: “test 
statistic diagram OER statistics” 

3.3.2 Common test statistics (z, t, chi-square, F) 

Several test statistics are commonly used in hypothesis testing: 

• z-statistic: Used when population variance is known and sample size is large. 

• t-statistic: Used when population variance is unknown and sample size is small. 

• chi-square statistic: Used for categorical data and tests of variance. 
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• F-statistic: Used in comparing variances, especially in analysis of variance 
(ANOVA). 

Fill in the blank: The __________ statistic is commonly used when population 
variance is unknown and sample size is small. 

3.3.3 Sampling distributions of test statistics 

Each test statistic has a known sampling distribution under the null hypothesis. 
For example, the z-statistic follows the standard normal distribution, while the t-
statistic follows the t-distribution. These distributions allow us to calculate 
probabilities and critical values, which form the basis of decision rules in 
hypothesis testing. 

[Insert Box here] Caption: Box 3.2: Summary of test statistics and their distributions 
AI prompt suggestion: “Create a summary box listing z-statistic (normal 
distribution), t-statistic (t-distribution), chi-square statistic (chi-square 
distribution), F-statistic (F-distribution).” Search string: “test statistics distributions 
summary OER statistics” 

Fill in the blank: The z-statistic follows the __________ normal distribution under the 
null hypothesis. 

Pilot Questions 3.3 

1. A test statistic is: A. A numerical value calculated from sample data to assess the 
null hypothesis B. A population parameter C. A random guess D. None of the above 

2. The z-statistic is used when: A. Population variance is known and sample size is 
large B. Population variance is unknown and sample size is small C. Data are 
categorical D. None of the above 

3. The t-statistic is used when: A. Population variance is unknown and sample size is 
small B. Population variance is known and sample size is large C. Comparing 
variances in ANOVA D. None of the above 

4. The chi-square statistic is used for: A. Categorical data and tests of variance B. 
Large samples with known variance C. Comparing means D. None of the above 

5. The z-statistic follows which distribution under the null hypothesis? A. Standard 
normal distribution B. t-distribution C. Chi-square distribution D. None of the above 

3.4 Decision Rules and Levels of Significance 

Once hypotheses and test statistics are defined, the next step in hypothesis testing 
is to establish decision rules. These rules determine whether we reject or retain the 
null hypothesis, based on the evidence provided by the sample data. The process 
relies heavily on the concepts of significance levels, p-values, and the potential 
for errors in decision-making. 
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Fill in the blank: A __________ rule specifies whether to reject or retain the null 
hypothesis based on sample evidence. 

3.4.1 Significance level (α) and p-values 

The significance level (α) is the threshold for deciding whether to reject the null 
hypothesis. Common values are 0.05 or 0.01, meaning we accept a 5% or 1% 
chance of wrongly rejecting the null hypothesis. The p-value is the probability of 
observing a test statistic as extreme as, or more extreme than, the one obtained, 
assuming the null hypothesis is true. If the p-value is less than α, we reject the null 
hypothesis. 

Fill in the blank: The __________ value is the probability of observing a test statistic 
as extreme as the one obtained, assuming the null hypothesis is true. 

3.4.2 Critical regions and rejection rules 

The critical region is the range of values for the test statistic that leads to rejection 
of the null hypothesis. Decision rules are based on whether the calculated test 
statistic falls inside or outside this region. For example, in a two-tailed test at α = 
0.05, the critical regions lie in both tails of the distribution. 

[Insert Figure here] Caption: Figure 3.4: Illustration of critical regions in a two-tailed 
test AI prompt suggestion: “Generate a diagram showing a bell curve with shaded 
critical regions in both tails for α = 0.05.” Search string: “critical region hypothesis 
testing diagram OER statistics” 

3.4.3 Type I and Type II errors 

Hypothesis testing involves the possibility of errors: 

• Type I error: Rejecting the null hypothesis when it is actually true. The probability of 
this error is equal to α. 

• Type II error: Failing to reject the null hypothesis when it is false. The probability of 
this error is denoted by β. 

Fill in the blank: A __________ I error occurs when the null hypothesis is rejected 
even though it is true. 

[Insert Box here] Caption: Box 3.3: Summary of Type I and Type II errors AI prompt 
suggestion: “Create a summary box listing Type I error (rejecting true null) and Type 
II error (failing to reject false null).” Search string: “type I and type II errors summary 
OER statistics” 

Pilot Questions 3.4 

1. The significance level (α) represents: A. The threshold for deciding whether to reject 
the null hypothesis B. The probability of Type II error C. The sample mean D. None of 
the above 
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2. A p-value is defined as: A. The probability of observing a test statistic as extreme as 
the one obtained, assuming the null hypothesis is true B. The population mean C. 
The variance of the sample D. None of the above 

3. The critical region is: A. The range of values for the test statistic that leads to 
rejection of the null hypothesis B. The area under the curve where the null 
hypothesis is retained C. The sample mean D. None of the above 

4. A Type I error occurs when: A. The null hypothesis is rejected even though it is true 
B. The null hypothesis is retained even though it is false C. The alternative 
hypothesis is rejected when true D. None of the above 

5. A Type II error occurs when: A. The null hypothesis is retained even though it is false 
B. The null hypothesis is rejected even though it is true C. The sample mean equals 
the population mean D. None of the above 

 

3.5 Applications of Hypothesis Testing 

Hypothesis testing is widely applied in both scientific and socio-economic contexts. 
It provides a structured way of making decisions based on evidence, ensuring that 
conclusions are not drawn from chance alone. By comparing sample data to 
population assumptions, researchers and policymakers can evaluate whether 
observed differences or effects are statistically significant. 

Fill in the blank: Hypothesis testing ensures that conclusions are not drawn from 
__________ alone. 

3.5.1 Role in scientific research 

In scientific research, hypothesis testing is used to evaluate theories and 
experimental results. For example, medical researchers test whether a new drug is 
more effective than an existing treatment. Environmental scientists may test 
whether pollution levels differ significantly across regions. Hypothesis testing 
provides a rigorous framework for validating or refuting scientific claims. 

[Insert Figure here] Caption: Figure 3.5: Illustration of hypothesis testing in scientific 
research AI prompt suggestion: “Generate a diagram showing hypothesis testing 
applied to medical research comparing new and existing treatments.” Search 
string: “applications of hypothesis testing scientific research OER statistics” 

3.5.2 Practical examples in socio-economic studies 

Hypothesis testing is also applied in socio-economic studies. Governments may 
test whether unemployment rates differ between urban and rural areas, or whether 
literacy rates vary across regions. Businesses use hypothesis testing to evaluate 
customer satisfaction, test marketing strategies, or compare product performance. 
These applications demonstrate how hypothesis testing supports evidence-based 
decision-making. 
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Fill in the blank: Businesses use hypothesis testing to evaluate customer 
__________, test marketing strategies, or compare product performance. 

[Insert Box here] Caption: Box 3.4: Examples of socio-economic applications of 
hypothesis testing AI prompt suggestion: “Create a summary box listing socio-
economic applications such as unemployment surveys, literacy studies, and 
customer satisfaction analysis.” Search string: “applications of hypothesis testing 
socio economic OER statistics” 

Pilot Questions 3.5 

1. Hypothesis testing is important because it: A. Ensures conclusions are not drawn 
from chance alone B. Always proves scientific theories correct C. Eliminates the 
need for sampling D. None of the above 

2. In medical research, hypothesis testing is used to: A. Compare the effectiveness of 
treatments B. Increase sample size automatically C. Eliminate variance in data D. 
None of the above 

3. Governments use hypothesis testing to: A. Test differences in unemployment or 
literacy rates across regions B. Increase population size C. Eliminate socio-
economic inequalities directly D. None of the above 

4. Businesses apply hypothesis testing to: A. Evaluate customer satisfaction and test 
marketing strategies B. Eliminate competition C. Guarantee profit margins D. None 
of the above 

5. Hypothesis testing supports decision-making by: A. Providing a structured 
framework for evaluating evidence B. Always giving exact population values C. 
Removing uncertainty completely D. None of the above 

 

Series Summary 

This Series has introduced the principles of hypothesis testing, a cornerstone of 
statistical inference. We began by defining hypotheses and explaining their role in 
guiding research questions. We then distinguished between null and alternative 
hypotheses, which represent competing claims about population parameters. Next, 
we examined test statistics and their distributions, including the z, t, chi-square, 
and F statistics. We followed this with decision rules, significance levels, p-values, 
and the concepts of Type I and Type II errors. Finally, we explored practical 
applications of hypothesis testing in scientific research and socio-economic 
studies. 

By completing this Series, you should now be able to define and explain 
hypotheses, differentiate between null and alternative hypotheses, describe test 
statistics and their distributions, apply decision rules with appropriate significance 
levels, and evaluate the use of hypothesis testing in real-world contexts. These 
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abilities directly align with the Series Learning Outcomes and prepare you for 
advanced statistical methods in subsequent Series. 

Glossary of Terms 

• Alternative hypothesis (H₁): A statement suggesting that an effect, difference, or 
relationship exists in the population. 

• Critical region: The range of values for a test statistic that leads to rejection of the 
null hypothesis. 

• Decision rule: A guideline for rejecting or retaining the null hypothesis based on 
sample evidence. 

• Hypothesis: A statement about a population parameter that can be tested using 
sample data. 

• Null hypothesis (H₀): A statement assuming no effect, difference, or relationship 
exists in the population. 

• p-value: The probability of observing a test statistic as extreme as the one obtained, 
assuming the null hypothesis is true. 

• Significance level (α): The threshold probability for rejecting the null hypothesis, 
often set at 0.05 or 0.01. 

• Test statistic: A numerical value calculated from sample data to assess the 
plausibility of the null hypothesis. 

• Type I error: Rejecting the null hypothesis when it is actually true. 

• Type II error: Failing to reject the null hypothesis when it is false. 

Concept Check Questions 3 

Objective Questions 

1. A hypothesis is a statement about a __________ parameter. (Linked to SLO 3.1) 

2. The null hypothesis assumes __________ effect or difference exists. (Linked to SLO 
3.2) 

3. The t-statistic follows the __________ distribution under the null hypothesis. (Linked 
to SLO 3.3) 

4. The significance level (α) represents the probability of a __________ I error. (Linked to 
SLO 3.4) 

5. Hypothesis testing ensures conclusions are not drawn from __________ alone. 
(Linked to SLO 3.5) 

Short-Answer Questions 
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6. Define the null and alternative hypotheses with examples. (Linked to SLO 3.2) 

7. Explain the role of test statistics in hypothesis testing. (Linked to SLO 3.3) 

8. Describe the difference between Type I and Type II errors. (Linked to SLO 3.4) 

Long-Answer Questions 

9. Discuss the importance of significance levels and p-values in hypothesis testing. 
(Linked to SLO 3.4) 

10. Analyse the use of different test statistics (z, t, chi-square, F) and explain when each 
is appropriate. (Linked to SLO 3.3) 

11. Evaluate the applications of hypothesis testing in socio-economic studies, 
providing at least two practical examples. (Linked to SLO 3.5) 

Answers to Concept Check Questions 3 

Objective Questions 

1. Population 

2. No 

3. t-distribution 

4. Type 

5. Chance 

Short-Answer Questions 

6. Null hypothesis (H₀): assumes no difference, e.g., average income in two regions is 
equal. Alternative hypothesis (H₁): assumes a difference, e.g., average income in one 
region is higher. 

7. Test statistics measure how far sample results deviate from expectations under the 
null hypothesis, providing evidence for or against it. 

8. Type I error: rejecting a true null hypothesis. Type II error: failing to reject a false null 
hypothesis. 

Long-Answer Questions 

9. Basic response: Significance levels set the threshold for rejecting the null 
hypothesis, while p-values measure the probability of observed results under the null. 
Value-added response: Learners may explain how lower α reduces Type I errors but 
increases Type II errors, and how p-values provide a continuous measure of evidence 
against the null. 

10. Basic response: z-statistic is used for large samples with known variance, t-statistic 
for small samples with unknown variance, chi-square for categorical data and variance 
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tests, and F-statistic for comparing variances in ANOVA. Value-added response: Advanced 
learners may discuss how these statistics are linked to specific distributions and how 
assumptions about data shape their use. 

11. Basic response: Hypothesis testing is applied in socio-economic studies such as 
testing differences in unemployment or literacy rates. Value-added response: Outstanding 
learners may extend this by discussing applications in policy evaluation, market research, 
and programme assessment, emphasising its role in evidence-based decision-making. 

Answers to Pilot Questions 3 

Part 3.1: 1-A, 2-A, 3-B, 4-A, 5-A Part 3.2: 1-A, 2-B, 3-A, 4-B, 5-A Part 3.3: 1-A, 2-A, 3-
A, 4-A, 5-A Part 3.4: 1-A, 2-A, 3-A, 4-A, 5-A Part 3.5: 1-A, 2-A, 3-A, 4-A, 5-A 

References and Attributions 3 

• Open Educational Resources (OER) in statistics and probability. 

• Suggested illustration prompts: 

• Figure 3.1: Hypothesis testing process (AI prompt: “Generate a diagram 
showing population parameter, sample data, and arrows leading to 
hypothesis testing decision”). 

• Figure 3.2: Null hypothesis as baseline assumption (AI prompt: “Generate a 
diagram showing null hypothesis as baseline assumption with sample data 
tested against it”). 

• Figure 3.3: Test statistic comparison (AI prompt: “Generate a diagram 
showing sample mean compared to population mean under null hypothesis, 
with deviation represented as test statistic”). 

• Figure 3.4: Critical regions in a two-tailed test (AI prompt: “Generate a 
diagram showing a bell curve with shaded critical regions in both tails for α = 
0.05”). 

• Figure 3.5: Hypothesis testing in scientific research (AI prompt: “Generate a 
diagram showing hypothesis testing applied to medical research comparing 
new and existing treatments”). 

• Box 3.1: Null vs alternative hypotheses (AI prompt: “Create a summary box 
comparing null hypothesis (no effect/difference) and alternative hypothesis 
(effect/difference exists)”). 

• Box 3.2: Test statistics and distributions (AI prompt: “Create a summary box listing 
z-statistic (normal distribution), t-statistic (t-distribution), chi-square statistic (chi-
square distribution), F-statistic (F-distribution)”). 

• Box 3.3: Type I and Type II errors (AI prompt: “Create a summary box listing Type I 
error (rejecting true null) and Type II error (failing to reject false null)”). 
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Series Outline 

• 4.1 Tests of Hypotheses for Means 

• 4.1.1 One-sample tests for means 

• 4.1.2 Two-sample tests for means 

• 4.2 Tests of Hypotheses for Proportions 

• 4.2.1 One-sample tests for proportions 

• 4.2.2 Two-sample tests for proportions 

• 4.3 Tests of Hypotheses for Variances 

• 4.3.1 Chi-square tests for variances 

• 4.3.2 F-tests for comparing variances 

• 4.4 Applications of Tests of Hypotheses 

• 4.4.1 Role in scientific research 

• 4.4.2 Practical examples in socio-economic studies 

 

introduction 

This Series builds directly on the principles of hypothesis testing by focusing on specific 
tests for means, proportions, and variances. These tests are among the most widely used 
in statistical inference, as they allow researchers to evaluate claims about population 
parameters using sample data. By mastering these tests, you will gain the ability to apply 
hypothesis testing in practical contexts such as comparing averages, assessing 
proportions, and analysing variability. 

The aim of this Series is to explain the procedures for conducting hypothesis tests on 
means, proportions, and variances, to highlight the assumptions underlying each test, and 
to demonstrate their applications in real-world studies. 

We shall commence this Series by introducing tests of hypotheses for means, including 
one-sample and two-sample tests. Next, we will explore tests for proportions, focusing on 
single and comparative proportions. Following that, we will study tests for variances, 
including chi-square and F-tests. Finally, we will conclude by considering practical 
applications of these tests in socio-economic and scientific contexts. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 
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• SLO 4.1 explain the procedures for testing hypotheses about means, 

• SLO 4.2 conduct hypothesis tests for single and comparative proportions, 

• SLO 4.3 apply chi-square and F-tests to hypotheses about variances, and 

• SLO 4.4 evaluate practical applications of these tests in socio-economic and 
scientific studies. 

 

4.1 Tests of Hypotheses for Means 

Hypothesis tests for means are among the most common statistical procedures. They 
allow us to evaluate whether the average of a sample differs significantly from a 
hypothesised population mean, or whether two sample means differ from each other. 

Fill in the blank: A test of hypotheses for __________ evaluates whether the average of a 
sample differs significantly from a hypothesised population mean. 

4.1.1 One-sample tests for means 

A one-sample test for means is used when we want to test whether the mean of a single 
sample is equal to a specified population mean. 

• If the population variance is known and the sample size is large, we use the z-test. 

• If the population variance is unknown and the sample size is small, we use the t-
test. 

Example: A researcher wants to test whether the average test score of students in a 
school is equal to the national average of 50. 

[Insert Figure here] Caption: Figure 4.1: Illustration of one-sample test for means AI prompt 
suggestion: “Generate a diagram showing sample mean compared to hypothesised 
population mean using z-test or t-test.” Search string: “one sample mean test diagram 
OER statistics” 

4.1.2 Two-sample tests for means 

A two-sample test for means is used when we want to compare the means of two 
independent samples to see if they differ significantly. 

• If population variances are assumed equal, we use the pooled t-test. 

• If variances are not assumed equal, we use Welch’s t-test. 

Example: A company wants to test whether average productivity differs between two 
departments. 

Fill in the blank: A __________ test for means is used to compare the averages of two 
independent samples. 
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[Insert Box here] Caption: Box 4.1: Summary of tests for means AI prompt suggestion: 
“Create a summary box listing one-sample z-test, one-sample t-test, pooled t-test, and 
Welch’s t-test with short definitions.” Search string: “tests for means summary OER 
statistics” 

Pilot Questions 4.1 

1. A one-sample test for means is used to: A. Compare the mean of a sample to a 
hypothesised population mean B. Compare two sample proportions C. Test 
variance equality D. None of the above 

2. The z-test is used when: A. Population variance is known and sample size is large B. 
Population variance is unknown and sample size is small C. Comparing two 
proportions D. None of the above 

3. The t-test is used when: A. Population variance is unknown and sample size is small 
B. Population variance is known and sample size is large C. Testing categorical data 
D. None of the above 

4. A two-sample test for means compares: A. The averages of two independent 
samples B. The proportions of two samples C. The variances of two samples D. 
None of the above 

5. Welch’s t-test is used when: A. Population variances are not assumed equal B. 
Population variances are assumed equal C. Testing a single sample mean D. None 
of the above 

4.2 Tests of Hypotheses for Proportions 

Hypothesis tests for proportions are used when we want to evaluate claims about the 
proportion of a population that has a certain characteristic. These tests are common in 
survey research, opinion polls, and quality control studies. 

Fill in the blank: A test of hypotheses for __________ evaluates whether the proportion of a 
population with a certain characteristic differs from a hypothesised value. 

4.2.1 One-sample tests for proportions 

A one-sample test for proportions is used to test whether the proportion observed in a 
sample equals a hypothesised population proportion. 

• The test statistic is based on the difference between the sample proportion and the 
hypothesised proportion, divided by the standard error. 

• Commonly, the z-test for proportions is used when the sample size is large. 

Example: A survey finds that 55% of respondents support a policy. A one-sample test can 
determine whether this differs significantly from a hypothesised 50%. 

[Insert Figure here] Caption: Figure 4.2: Illustration of one-sample test for proportions AI 
prompt suggestion: “Generate a diagram showing sample proportion compared to 
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hypothesised population proportion using z-test.” Search string: “one sample proportion 
test diagram OER statistics” 

4.2.2 Two-sample tests for proportions 

A two-sample test for proportions is used to compare the proportions of two 
independent samples. 

• The test statistic is based on the difference between the two sample proportions, 
divided by the standard error of the difference. 

• This test is often applied in comparing support levels between two groups, or defect 
rates between two production lines. 

Example: A company wants to test whether the proportion of customers satisfied with 
Service A differs from the proportion satisfied with Service B. 

Fill in the blank: A __________ test for proportions is used to compare the proportions of two 
independent samples. 

[Insert Box here] Caption: Box 4.2: Summary of tests for proportions AI prompt suggestion: 
“Create a summary box listing one-sample z-test for proportions and two-sample z-test for 
proportions with short definitions.” Search string: “tests for proportions summary OER 
statistics” 

Pilot Questions 4.2 

1. A one-sample test for proportions is used to: A. Compare the proportion in a sample 
to a hypothesised population proportion B. Compare two sample means C. Test 
variance equality D. None of the above 

2. The z-test for proportions is commonly used when: A. Sample size is large B. 
Sample size is small C. Variance is unknown D. None of the above 

3. A two-sample test for proportions compares: A. The proportions of two independent 
samples B. The means of two samples C. The variances of two samples D. None of 
the above 

4. The test statistic for proportions is based on: A. The difference between sample 
proportion and hypothesised proportion divided by standard error B. The difference 
between sample mean and population mean C. The variance of the sample D. None 
of the above 

5. Businesses use two-sample tests for proportions to: A. Compare customer 
satisfaction levels between two services B. Compare average incomes between two 
regions C. Compare variances in production D. None of the above 

4.3 Tests of Hypotheses for Variances 
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Hypothesis tests for variances are used to evaluate claims about the variability of data. 
These tests are important in contexts where the spread or consistency of values matters, 
such as quality control, risk assessment, or comparing variability between groups. 

Fill in the blank: A test of hypotheses for __________ evaluates whether the variability of 
data differs from a hypothesised value or between groups. 

4.3.1 Chi-square tests for variances 

The chi-square test for variances is used to test whether the variance of a single sample 
equals a hypothesised population variance. 

• The test statistic is based on the sample variance, scaled by the population 
variance, and follows a chi-square distribution. 

• This test is often applied in quality control to check whether variability in production 
meets specified standards. 

Example: A manufacturer tests whether the variance in product weights equals the 
specified tolerance level. 

[Insert Figure here] Caption: Figure 4.3: Illustration of chi-square test for variances AI 
prompt suggestion: “Generate a diagram showing sample variance compared to 
hypothesised variance using chi-square distribution.” Search string: “chi square test for 
variance diagram OER statistics” 

4.3.2 F-tests for comparing variances 

The F-test is used to compare the variances of two independent samples. 

• The test statistic is the ratio of the two sample variances. 

• It follows the F-distribution under the null hypothesis that the variances are equal. 

• This test is commonly used in analysis of variance (ANOVA) and in comparing 
variability between two processes. 

Example: A company compares the variance in productivity between two departments to 
see if one is more consistent than the other. 

Fill in the blank: The __________ test is used to compare the variances of two independent 
samples. 

[Insert Box here] Caption: Box 4.3: Summary of tests for variances AI prompt suggestion: 
“Create a summary box listing chi-square test (single variance) and F-test (comparing 
variances) with short definitions.” Search string: “tests for variances summary OER 
statistics” 

Pilot Questions 4.3 
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1. The chi-square test for variances is used to: A. Test whether the variance of a 
sample equals a hypothesised population variance B. Compare two sample means 
C. Compare two sample proportions D. None of the above 

2. The test statistic for the chi-square test is based on: A. Sample variance scaled by 
population variance B. Difference between sample mean and population mean C. 
Ratio of two sample proportions D. None of the above 

3. The F-test is used to: A. Compare the variances of two independent samples B. 
Compare the means of two samples C. Test a single sample proportion D. None of 
the above 

4. The F-test statistic follows which distribution under the null hypothesis? A. F-
distribution B. t-distribution C. Chi-square distribution D. None of the above 

5. In quality control, chi-square tests for variances are used to: A. Check whether 
variability in production meets specified standards B. Compare average production 
levels C. Test customer satisfaction proportions D. None of the above 

4.4 Applications of Tests of Hypotheses 

Tests of hypotheses for means, proportions, and variances are not just theoretical tools; 
they are widely applied in real-world contexts. These applications demonstrate how 
statistical methods support evidence-based decision-making in science, business, and 
socio-economic policy. 

Fill in the blank: Tests of hypotheses provide a structured way of making __________ based 
on sample evidence. 

4.4.1 Role in scientific research 

In scientific research, hypothesis tests are used to validate experimental results and 
theories. 

• Means: Medical researchers test whether the average recovery time with a new 
drug differs from the standard treatment. 

• Proportions: Biologists test whether the proportion of plants surviving under new 
conditions differs from expected survival rates. 

• Variances: Engineers test whether variability in material strength meets safety 
standards. 

[Insert Figure here] Caption: Figure 4.4: Illustration of hypothesis testing applied in 
scientific research AI prompt suggestion: “Generate a diagram showing hypothesis tests 
applied to medicine, biology, and engineering contexts.” Search string: “applications of 
hypothesis testing scientific OER statistics” 

4.4.2 Practical examples in socio-economic studies 
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Hypothesis tests are also applied in socio-economic studies to guide policy and business 
decisions. 

• Means: Governments test whether average household income differs between 
urban and rural areas. 

• Proportions: Pollsters test whether the proportion of voters supporting a policy 
differs between regions. 

• Variances: Businesses test whether variability in customer spending differs across 
product categories. 

Fill in the blank: Governments use hypothesis tests to evaluate differences in average 
household __________ between urban and rural areas. 

[Insert Box here] Caption: Box 4.4: Examples of socio-economic applications of hypothesis 
testing AI prompt suggestion: “Create a summary box listing socio-economic applications 
such as income studies, voter polls, and customer spending analysis.” Search string: 
“applications of hypothesis testing socio economic OER statistics” 

Pilot Questions 4.4 

1. Tests of hypotheses are important because they: A. Provide a structured way of 
making decisions based on sample evidence B. Always give exact population 
parameters C. Eliminate uncertainty completely D. None of the above 

2. In medical research, tests of hypotheses for means are used to: A. Compare 
average recovery times between treatments B. Compare proportions of voters C. 
Compare variances in customer spending D. None of the above 

3. Biologists use tests of hypotheses for proportions to: A. Test survival rates of plants 
under new conditions B. Compare average household income C. Test variability in 
material strength D. None of the above 

4. Engineers use chi-square tests for variances to: A. Test whether variability in 
material strength meets safety standards B. Compare average recovery times C. 
Compare proportions of satisfied customers D. None of the above 

5. Governments apply tests of hypotheses for means to: A. Evaluate differences in 
average household income between urban and rural areas B. Compare proportions 
of voters supporting policies C. Test variability in customer spending D. None of the 
above 

 

Series Summary 

This Series has focused on hypothesis tests for means, proportions, and variances, 
which are the most common applications of hypothesis testing in practice. We began with 
tests for means, including one-sample and two-sample tests using z-tests and t-tests. 
Next, we examined tests for proportions, covering one-sample and two-sample z-tests. We 
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then studied tests for variances, including chi-square tests for single variances and F-tests 
for comparing variances. Finally, we explored practical applications of these tests in 
scientific research and socio-economic studies. 

By completing this Series, you should now be able to conduct hypothesis tests for means, 
proportions, and variances, interpret their results, and apply them in real-world contexts. 
These skills align with the Series Learning Outcomes and prepare you for more advanced 
statistical methods such as regression and ANOVA. 

Glossary of Terms 

• Chi-square test: A test used to evaluate whether a sample variance equals a 
hypothesised population variance. 

• F-test: A test used to compare the variances of two independent samples. 

• Hypothesis test for means: A test used to evaluate whether a sample mean differs 
from a hypothesised population mean or whether two sample means differ. 

• Hypothesis test for proportions: A test used to evaluate whether a sample 
proportion differs from a hypothesised population proportion or whether two 
sample proportions differ. 

• One-sample test: A test comparing a single sample statistic to a hypothesised 
population parameter. 

• Two-sample test: A test comparing statistics from two independent samples. 

• Welch’s t-test: A two-sample test for means that does not assume equal 
variances. 

• z-test: A test used when population variance is known and sample size is large. 

• t-test: A test used when population variance is unknown and sample size is small. 

Concept Check Questions 4 

Objective Questions 

1. A one-sample test for means compares a sample mean to a __________ population 
mean. (Linked to SLO 4.1) 

2. The z-test for proportions is commonly used when sample size is __________. 
(Linked to SLO 4.2) 

3. The chi-square test for variances evaluates whether a sample variance equals a 
__________ population variance. (Linked to SLO 4.3) 

4. The F-test statistic follows the __________ distribution under the null hypothesis. 
(Linked to SLO 4.3) 
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5. Tests of hypotheses provide a structured way of making __________ based on 
sample evidence. (Linked to SLO 4.4) 

Short-Answer Questions 

6. Explain the difference between one-sample and two-sample tests for means. 
(Linked to SLO 4.1) 

7. Describe the procedure for conducting a one-sample test for proportions. (Linked to 
SLO 4.2) 

8. Explain the difference between chi-square and F-tests for variances. (Linked to SLO 
4.3) 

Long-Answer Questions 

9. Discuss the use of z-tests and t-tests in hypothesis testing for means, highlighting 
when each is appropriate. (Linked to SLO 4.1) 

10. Analyse the application of one-sample and two-sample tests for proportions in 
survey research. (Linked to SLO 4.2) 

11. Evaluate the role of chi-square and F-tests in assessing variability, providing 
practical examples from quality control and socio-economic studies. (Linked to SLO 4.3, 
4.4) 

Answers to Concept Check Questions 4 

Objective Questions 

1. Hypothesised 

2. Large 

3. Hypothesised 

4. F-distribution 

5. Decisions 

Short-Answer Questions 

6. One-sample tests compare a sample mean to a hypothesised population mean, 
while two-sample tests compare the means of two independent samples. 

7. Calculate the difference between the sample proportion and hypothesised 
proportion, divide by the standard error, and compare the z-statistic to critical values. 

8. Chi-square tests evaluate a single variance against a hypothesised value, while F-
tests compare the variances of two independent samples. 

Long-Answer Questions 
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9. Basic response: z-tests are used when population variance is known and sample 
size is large, while t-tests are used when variance is unknown and sample size is small. 
Value-added response: Learners may explain how the choice of test depends on 
assumptions about variance and sample size, and how both tests rely on different 
distributions. 

10. Basic response: One-sample tests for proportions evaluate whether a sample 
proportion differs from a hypothesised value, while two-sample tests compare proportions 
between groups. Value-added response: Advanced learners may discuss applications in 
opinion polling, marketing studies, and policy evaluation. 

11. Basic response: Chi-square tests are used in quality control to check whether 
variability meets standards, while F-tests compare variances between processes. Value-
added response: Outstanding learners may extend this by discussing applications in 
socio-economic studies, such as comparing variability in household spending or 
educational outcomes. 

Answers to Pilot Questions 4 

Part 4.1: 1-A, 2-A, 3-A, 4-A, 5-A Part 4.2: 1-A, 2-A, 3-A, 4-A, 5-A Part 4.3: 1-A, 2-A, 3-A, 4-A, 
5-A Part 4.4: 1-A, 2-A, 3-A, 4-A, 5-A 

References and Attributions 4 

• Open Educational Resources (OER) in statistics and probability. 

• Suggested illustration prompts: 

• Figure 4.1: One-sample test for means (AI prompt: “Generate a diagram 
showing sample mean compared to hypothesised population mean using z-
test or t-test”). 

• Figure 4.2: One-sample test for proportions (AI prompt: “Generate a diagram 
showing sample proportion compared to hypothesised population 
proportion using z-test”). 

• Figure 4.3: Chi-square test for variances (AI prompt: “Generate a diagram 
showing sample variance compared to hypothesised variance using chi-
square distribution”). 

• Figure 4.4: Hypothesis testing in scientific research (AI prompt: “Generate a 
diagram showing hypothesis tests applied to medicine, biology, and 
engineering contexts”). 

• Box 4.1: Tests for means (AI prompt: “Create a summary box listing one-sample z-
test, one-sample t-test, pooled t-test, and Welch’s t-test with short definitions”). 

• Box 4.2: Tests for proportions (AI prompt: “Create a summary box listing one-
sample z-test for proportions and two-sample z-test for proportions with short 
definitions”). 
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• Box 4.3: Tests for variances (AI prompt: “Create a summary box listing chi-square 
test (single variance) and F-test (comparing variances) with short definitions”). 

• Box 4.4: Socio-economic applications of hypothesis testing (AI prompt: “Create a 
summary box listing socio-economic applications such as income studies, voter 
polls, and customer spending analysis”). 

 

 

Series 5: Goodness of Fit Tests and Analysis of Variance (ANOVA) 

Series Outline 

• 5.1 Goodness of Fit Tests 

• 5.1.1 Purpose of goodness of fit tests 

• 5.1.2 Chi-square goodness of fit test 

• 5.2 One-Way ANOVA 

• 5.2.1 Concept of one-way ANOVA 

• 5.2.2 Procedure and interpretation 

• 5.3 Two-Way ANOVA 

• 5.3.1 Concept of two-way ANOVA 

• 5.3.2 Procedure and interpretation 

• 5.4 Applications of Goodness of Fit Tests and ANOVA 

• 5.4.1 Role in scientific research 

• 5.4.2 Practical examples in socio-economic studies 

 

Introduction 

This Series extends hypothesis testing into two powerful areas: Goodness of Fit Tests and 
Analysis of Variance (ANOVA). Goodness of fit tests are used to determine whether 
observed data follow a specified distribution, while ANOVA is used to compare means 
across multiple groups simultaneously. Together, these methods provide deeper insights 
into data patterns and group differences, making them essential tools in both scientific 
and socio-economic research. 

The aim of this Series is to explain the procedures for conducting goodness of fit tests and 
ANOVA, highlight their assumptions, and demonstrate their applications in real-world 
contexts. 
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We shall commence this Series by introducing goodness of fit tests, focusing on the chi-
square test. Next, we will explore one-way ANOVA for comparing group means. Following 
that, we will study two-way ANOVA for examining the effects of two factors 
simultaneously. Finally, we will conclude by considering practical applications of these 
methods in research and policy analysis. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 explain the purpose and procedure of goodness of fit tests, 

• SLO 5.2 conduct chi-square goodness of fit tests, 

• SLO 5.3 apply one-way ANOVA to compare group means, 

• SLO 5.4 apply two-way ANOVA to examine the effects of two factors, and 

• SLO 5.5 evaluate practical applications of goodness of fit tests and ANOVA in 
scientific and socio-economic studies. 

5.1 Goodness of Fit Tests 

Goodness of fit tests are used to determine whether observed data follow a specified 
theoretical distribution. They help researchers assess how well a statistical model fits the 
data. The most widely used goodness of fit test is the chi-square test. 

Fill in the blank: A __________ of fit test evaluates whether observed data follow a specified 
theoretical distribution. 

5.1.1 Purpose of goodness of fit tests 

The purpose of goodness of fit tests is to compare observed frequencies with expected 
frequencies under a hypothesised distribution. If the differences are too large, we reject 
the null hypothesis that the data follow the specified distribution. 

Example: A researcher wants to test whether the distribution of dice rolls is uniform (each 
face equally likely). 

[Insert Figure here] Caption: Figure 5.1: Illustration of goodness of fit test comparing 
observed and expected frequencies AI prompt suggestion: “Generate a diagram showing 
observed vs expected frequencies in a chi-square goodness of fit test.” Search string: “chi 
square goodness of fit test diagram OER statistics” 

5.1.2 Chi-square goodness of fit test 

The chi-square goodness of fit test is the most common method for evaluating 
distributional assumptions. 

• Test statistic formula: 

2=∑(Ei)2Ei 



 

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

where Oi= observed frequency, Ei= expected frequency. 

• The test statistic follows a chi-square distribution with degrees of freedom equal to 
the number of categories minus one. 

• If the calculated chi-square value exceeds the critical value, we reject the null 
hypothesis. 

Example: Testing whether the distribution of colors in a bag of candies matches the 
manufacturer’s claim. 

Fill in the blank: The chi-square goodness of fit test compares __________ frequencies with 
expected frequencies under a hypothesised distribution. 

[Insert Box here] Caption: Box 5.1: Steps in chi-square goodness of fit test AI prompt 
suggestion: “Create a summary box listing steps: (1) State hypotheses, (2) Calculate 
expected frequencies, (3) Compute chi-square statistic, (4) Compare with critical value, (5) 
Make decision.” Search string: “chi square goodness of fit steps OER statistics” 

Pilot Questions 5.1 

1. A goodness of fit test is used to: A. Evaluate whether observed data follow a 
specified distribution B. Compare two sample means C. Compare two sample 
proportions D. None of the above 

2. The chi-square goodness of fit test compares: A. Observed frequencies with 
expected frequencies B. Sample means with population means C. Sample 
variances with hypothesised variances D. None of the above 

3. The formula for the chi-square test statistic is: A. 2=∑(Ei)2EiB. t=xˉ-μs/nC. z=xˉ-
μ/nD. None of the above 

4. The chi-square test statistic follows which distribution under the null hypothesis? A. 
Chi-square distribution B. t-distribution C. F-distribution D. None of the above 

5. If the calculated chi-square value exceeds the critical value, we: A. Reject the null 
hypothesis B. Retain the null hypothesis C. Accept the alternative hypothesis 
without testing D. None of the above 

 

5.2 One-Way ANOVA 

One-Way Analysis of Variance (ANOVA) is a statistical method used to compare the means 
of three or more independent groups. It helps determine whether differences among group 
means are statistically significant, rather than due to random variation. 

Fill in the blank: A __________ ANOVA is used to compare the means of three or more 
independent groups. 

5.2.1 Concept of one-way ANOVA 
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• Purpose: To test whether at least one group mean differs from the others. 

• Null hypothesis (H₀): All group means are equal. 

• Alternative hypothesis (H₁): At least one group mean is different. 

• Test statistic: The F-statistic, which is the ratio of variance between groups to 
variance within groups. 

Example: A researcher wants to test whether average exam scores differ among students 
taught with three different teaching methods. 

[Insert Figure here] Caption: Figure 5.2: Illustration of one-way ANOVA comparing group 
means AI prompt suggestion: “Generate a diagram showing three groups with different 
means compared using one-way ANOVA and F-statistic.” Search string: “one way ANOVA 
diagram OER statistics” 

5.2.2 Procedure and interpretation 

Steps in conducting a one-way ANOVA: 

1. State hypotheses: H₀ (all group means equal), H₁ (at least one mean differs). 

2. Calculate group means and variances. 

3. Compute F-statistic: 

F=Variance between groupsVariance within groups 

4. Compare F-statistic with critical value from the F-distribution. 

5. Decision: If F exceeds the critical value, reject H₀. 

Interpretation: A significant result indicates that at least one group mean differs, but does 
not specify which groups. Post-hoc tests (e.g., Tukey’s test) are used to identify specific 
differences. 

Fill in the blank: The __________ statistic in one-way ANOVA is the ratio of variance between 
groups to variance within groups. 

[Insert Box here] Caption: Box 5.2: Steps in one-way ANOVA AI prompt suggestion: “Create 
a summary box listing steps: (1) State hypotheses, (2) Calculate group means/variances, 
(3) Compute F-statistic, (4) Compare with critical value, (5) Make decision.” Search string: 
“one way ANOVA steps OER statistics” 

Pilot Questions 5.2 

1. One-way ANOVA is used to: A. Compare the means of three or more independent 
groups B. Compare two sample proportions C. Test a single variance D. None of the 
above 
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2. The null hypothesis in one-way ANOVA states: A. All group means are equal B. At 
least one group mean differs C. All variances are equal D. None of the above 

3. The test statistic in one-way ANOVA is: A. F-statistic B. t-statistic C. z-statistic D. 
None of the above 

4. The F-statistic is calculated as: A. Ratio of variance between groups to variance 
within groups B. Difference between sample mean and population mean C. Ratio of 
two sample variances D. None of the above 

5. Post-hoc tests in ANOVA are used to: A. Identify which specific group means differ 
B. Calculate sample proportions C. Test variance equality D. None of the above 

 

5.3 Two-Way ANOVA 

Two-Way Analysis of Variance (ANOVA) extends the one-way ANOVA by allowing 
researchers to examine the effects of two independent factors simultaneously on a 
dependent variable. It also evaluates whether there is an interaction effect between the 
two factors. 

Fill in the blank: A __________ ANOVA is used to examine the effects of two independent 
factors simultaneously on a dependent variable. 

5.3.1 Concept of two-way ANOVA 

• Purpose: To test whether group means differ across two factors and whether the 
factors interact. 

• Null hypotheses (H₀): 

1. No difference in means across levels of Factor A. 

2. No difference in means across levels of Factor B. 

3. No interaction effect between Factor A and Factor B. 

• Alternative hypotheses (H₁): At least one of the above null hypotheses is false. 

Example: A researcher wants to test whether exam scores differ by teaching method 
(Factor A) and gender (Factor B), and whether the effect of teaching method depends on 
gender. 

[Insert Figure here] Caption: Figure 5.3: Illustration of two-way ANOVA with factors A and B 
and interaction effect AI prompt suggestion: “Generate a diagram showing two factors 
(e.g., teaching method and gender) influencing group means, with interaction effect 
illustrated.” Search string: “two way ANOVA diagram OER statistics” 

5.3.2 Procedure and interpretation 

Steps in conducting a two-way ANOVA: 
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1. State hypotheses for Factor A, Factor B, and interaction. 

2. Calculate group means for each combination of factor levels. 

3. Partition variance into components: variance due to Factor A, Factor B, 
interaction, and error. 

4. Compute F-statistics for each component. 

5. Compare F-statistics with critical values from the F-distribution. 

6. Decision: Reject H₀ if F exceeds critical value. 

Interpretation: 

• A significant result for Factor A means its levels differ. 

• A significant result for Factor B means its levels differ. 

• A significant interaction means the effect of one factor depends on the level of the 
other. 

Fill in the blank: In two-way ANOVA, a significant __________ effect means the impact of 
one factor depends on the level of the other. 

[Insert Box here] Caption: Box 5.3: Steps in two-way ANOVA AI prompt suggestion: “Create 
a summary box listing steps: (1) State hypotheses, (2) Calculate group means, (3) Partition 
variance, (4) Compute F-statistics, (5) Compare with critical values, (6) Make decision.” 
Search string: “two way ANOVA steps OER statistics” 

Pilot Questions 5.3 

1. Two-way ANOVA is used to: A. Examine the effects of two independent factors 
simultaneously B. Compare the means of two groups only C. Test a single variance 
D. None of the above 

2. The null hypothesis for Factor A in two-way ANOVA states: A. No difference in 
means across levels of Factor A B. No difference in means across levels of Factor B 
C. No interaction effect D. None of the above 

3. The test statistic in two-way ANOVA is: A. F-statistic B. t-statistic C. z-statistic D. 
None of the above 

4. A significant interaction effect in two-way ANOVA means: A. The effect of one factor 
depends on the level of the other B. All group means are equal C. Variances are 
equal D. None of the above 

5. Variance in two-way ANOVA is partitioned into: A. Factor A, Factor B, interaction, 
and error B. Sample mean and population mean C. Observed and expected 
frequencies D. None of the above 

5.4 Applications of Goodness of Fit Tests and ANOVA 
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Goodness of fit tests and ANOVA are widely applied in both scientific and socio-economic 
contexts. They provide researchers and policymakers with tools to evaluate whether data 
follow expected patterns and whether differences among groups are statistically 
significant. 

Fill in the blank: Goodness of fit tests and ANOVA support __________ decision-making by 
evaluating data patterns and group differences. 

5.4.1 Role in scientific research 

• Goodness of fit tests: Used to check whether experimental data follow theoretical 
distributions. For example, geneticists test whether observed ratios of traits in 
offspring match Mendelian inheritance predictions. 

• One-way ANOVA: Applied to compare mean outcomes across multiple treatments, 
such as testing whether different fertilizers produce different average crop yields. 

• Two-way ANOVA: Used to examine the combined effects of two factors, such as 
drug dosage and patient age, on recovery time. 

[Insert Figure here] Caption: Figure 5.4: Illustration of goodness of fit and ANOVA in 
scientific research AI prompt suggestion: “Generate a diagram showing applications of 
goodness of fit in genetics and ANOVA in agriculture and medicine.” Search string: 
“applications of ANOVA and goodness of fit scientific OER statistics” 

5.4.2 Practical examples in socio-economic studies 

• Goodness of fit tests: Governments use them to test whether income distributions 
match theoretical models (e.g., normal distribution). 

• One-way ANOVA: Applied to compare average literacy rates across different 
regions. 

• Two-way ANOVA: Used to study the combined effects of education level and 
gender on employment outcomes. 

Fill in the blank: Two-way ANOVA is used in socio-economic studies to examine the 
combined effects of two __________ on outcomes. 

[Insert Box here] Caption: Box 5.4: Examples of socio-economic applications of goodness 
of fit and ANOVA AI prompt suggestion: “Create a summary box listing socio-economic 
applications such as income distribution analysis, literacy comparisons, and employment 
studies.” Search string: “applications of ANOVA and goodness of fit socio economic OER 
statistics” 

Pilot Questions 5.4 

1. Goodness of fit tests are used to: A. Check whether observed data follow expected 
distributions B. Compare two sample means C. Test a single variance D. None of 
the above 
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2. Geneticists use goodness of fit tests to: A. Test whether observed trait ratios match 
Mendelian predictions B. Compare average literacy rates C. Study employment 
outcomes D. None of the above 

3. One-way ANOVA is applied in agriculture to: A. Compare mean crop yields across 
different fertilizers B. Test whether income distributions match theoretical models 
C. Study combined effects of education and gender D. None of the above 

4. Two-way ANOVA is used in medicine to: A. Examine combined effects of drug 
dosage and patient age on recovery time B. Compare average literacy rates C. Test 
whether observed frequencies match expected ones D. None of the above 

5. Governments use goodness of fit tests to: A. Test whether income distributions 
match theoretical models B. Compare mean crop yields C. Study combined effects 
of education and gender D. None of the above 

 

Series Summary 

This Series introduced two advanced statistical methods: Goodness of Fit Tests and 
Analysis of Variance (ANOVA). Goodness of fit tests, particularly the chi-square test, are 
used to evaluate whether observed data follow a specified distribution. ANOVA, both one-
way and two-way, is used to compare group means and examine the effects of one or more 
factors. Together, these methods extend hypothesis testing beyond simple comparisons, 
allowing researchers to analyse distributions and multiple group differences 
simultaneously. 

By completing this Series, you should now be able to conduct chi-square goodness of fit 
tests, apply one-way and two-way ANOVA, interpret their results, and evaluate their 
applications in scientific and socio-economic contexts. 

Glossary of Terms 

• ANOVA (Analysis of Variance): A statistical method for comparing group means. 

• Chi-square goodness of fit test: A test comparing observed and expected 
frequencies under a hypothesised distribution. 

• Critical value: The threshold value used to decide whether to reject the null 
hypothesis. 

• F-statistic: Ratio of variance between groups to variance within groups, used in 
ANOVA. 

• Interaction effect: Occurs in two-way ANOVA when the effect of one factor 
depends on the level of another factor. 

• One-way ANOVA: Compares means across three or more independent groups. 
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• Two-way ANOVA: Compares means across two factors simultaneously and tests 
for interaction effects. 

Concept Check Questions 5 

Objective Questions 

1. A goodness of fit test compares observed frequencies with __________ frequencies. 
(Linked to SLO 5.1) 

2. The chi-square test statistic follows the __________ distribution under the null 
hypothesis. (Linked to SLO 5.2) 

3. One-way ANOVA is used to compare the means of __________ or more independent 
groups. (Linked to SLO 5.3) 

4. The test statistic in ANOVA is the __________ statistic. (Linked to SLO 5.3) 

5. In two-way ANOVA, a significant __________ effect means the impact of one factor 
depends on the level of another. (Linked to SLO 5.4) 

Short-Answer Questions 

6. Explain the purpose of a chi-square goodness of fit test. (Linked to SLO 5.1) 

7. Describe the steps in conducting a one-way ANOVA. (Linked to SLO 5.3) 

8. What does a significant interaction effect in two-way ANOVA indicate? (Linked to 
SLO 5.4) 

Long-Answer Questions 

9. Discuss the procedure and interpretation of chi-square goodness of fit tests, with 
an example. (Linked to SLO 5.2) 

10. Analyse the use of one-way ANOVA in comparing group means, highlighting 
assumptions and limitations. (Linked to SLO 5.3) 

11. Evaluate the role of two-way ANOVA in examining factor effects and interactions, 
with applications in scientific and socio-economic studies. (Linked to SLO 5.4, 5.5) 

Answers to Concept Check Questions 5 

Objective Questions 

1. Expected 

2. Chi-square distribution 

3. Three 

4. F-statistic 

5. Interaction 
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Short-Answer Questions 

6. The chi-square goodness of fit test evaluates whether observed data follow a 
specified distribution by comparing observed and expected frequencies. 

7. Steps: (1) State hypotheses, (2) Calculate group means and variances, (3) Compute 
F-statistic, (4) Compare with critical value, (5) Make decision. 

8. It indicates that the effect of one factor depends on the level of another factor. 

Long-Answer Questions 

9. Basic response: The chi-square test compares observed and expected frequencies. 
If the test statistic exceeds the critical value, the null hypothesis is rejected. Value-added 
response: Learners may provide examples such as testing dice rolls or genetic trait ratios, 
and discuss assumptions like minimum expected frequency. 

10. Basic response: One-way ANOVA compares group means using the F-statistic. 
Value-added response: Advanced learners may discuss assumptions of normality and 
equal variances, and limitations such as not identifying which groups differ without post-
hoc tests. 

11. Basic response: Two-way ANOVA evaluates effects of two factors and their 
interaction. Value-added response: Outstanding learners may extend this by discussing 
applications in medicine (drug dosage and age effects) and socio-economic studies 
(education level and gender effects on employment). 

Answers to Pilot Questions 5 

Part 5.1: 1-A, 2-A, 3-A, 4-A, 5-A Part 5.2: 1-A, 2-A, 3-A, 4-A, 5-A Part 5.3: 1-A, 2-A, 3-A, 4-A, 
5-A Part 5.4: 1-A, 2-A, 3-A, 4-A, 5-A 

References and Attributions 5 

• Open Educational Resources (OER) in statistics and probability. 

• Suggested illustration prompts: 

• Figure 5.1: Goodness of fit test (AI prompt: “Generate a diagram showing 
observed vs expected frequencies in a chi-square goodness of fit test”). 

• Figure 5.2: One-way ANOVA (AI prompt: “Generate a diagram showing three 
groups with different means compared using one-way ANOVA and F-
statistic”). 

• Figure 5.3: Two-way ANOVA (AI prompt: “Generate a diagram showing two 
factors influencing group means, with interaction effect illustrated”). 

• Figure 5.4: Applications in scientific research (AI prompt: “Generate a 
diagram showing applications of goodness of fit in genetics and ANOVA in 
agriculture and medicine”). 
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• •  Box 5.1: Steps in chi-square goodness of fit test (AI prompt: “Create a summary box 

listing steps: state hypotheses, calculate expected frequencies, compute chi-square 

statistic, compare with critical value, make decision”). 

• •  Box 5.2: Steps in one-way ANOVA (AI prompt: “Create a summary box listing steps: 

state hypotheses, calculate group means/variances, compute F-statistic, compare with 

critical value, make decision”). 

• •  Box 5.3: Steps in two-way ANOVA (AI prompt: “Create a summary box listing steps: 

state hypotheses, calculate group means, partition variance, compute F-statistics, compare 

with critical values, make decision”). 

• •  Box 5.4: Socio-economic applications (AI prompt: “Create a summary box listing 

applications such as income distribution analysis, literacy comparisons, and employment 

studies”). 

 

 

 

 


