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Human Inquiry & Science

Babbie E. (2016) The Practice of Social Science, Chapter 1

POLS 5377 Scope & Method of Political Science

Week 2 Scientific Inquiry

Key Questions:
What are the sources of knowledge?

What are the potential errors when seeking for 
knowledge?

What are the key elements of the foundation of social 
science?

What are the some dialectics existed in the social 
science?
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Outline
Looking for Reality

How do we build knowledge?

Three common sources of agreement reality

Common Errors in casual inquiries and some solutions

The Foundations of Social Science

Theory, Not Philosophy or Belief

Social Regularities 

Aggregates, Not Individuals

Concepts and Variables

Some Dialectics of Social Research
Idiographic and Nomothetic Explanation

Inductive and Deductive Theory

Determinism versus Agency

Qualitative versus Quantitative Data

Looking for Reality
How do we build knowledge? 

We observe and experience to gain knowledge.

Meanwhile, we can’t / don’t experience everything to claim the 
knowledge.

For example, we did not fly to space to determine the earth is round.

At times, your personal observation may contradict common 
knowledge, and it’s likely that you adjust your understandings to fit the 
majority of the society. For example, the taste of worms.

Knowledge is built based on Agreement Reality - those 
things we “know” as part of the culture we share with those 
around us.
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Looking for Reality

Three common sources of agreement reality

Ordinary human inquiry – we, as human beings, have the 
desire to know the future.

We recognize that the future is caused in part by the present.

Cause and effect patterns are probabilistic in nature.

Human inquiry aims to answer both “what” and “why” questions, and 
we pursue these goals by observing and figuring things out.

Tradition – knowledge based on shared culture understandings

Authority – knowledge based on the status of the discovers.

Looking for Reality

Common Errors in casual inquiries and some solutions
Obviously, we know that there are potential dangers to rely on tradition and 
authority to gain valid knowledge. There are also some common errors that 
when human beings observe and make arguments.

Inaccurate Observation

We make mistakes in our observation. i.e., do you remember everyone 
who you talked to yesterday? 

What do you mean “talked to”? Do “greetings” count? Does it have to be 
face-to-face conversation? How about talking on the phone or chatting 
on Facebook?

Solution: make conscious and deliberate observations, and use 
consistent measurement devices that offer accuracy. 
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Looking for Reality

Common Errors in casual inquiries and some solutions 
(Cont.)

Overgeneralization

We tend to overgeneralize on the basis of limited observation.

After witnessing three bad driving practices with female drivers, you may 
think that all women are bad drivers.

Solution: 

(1) Large and representative samples are a safeguard against 
overgeneralization; 

(2) Replication – repeating a research study to test and either confirm 
or question the findings of an earlier study

Looking for Reality

Common Errors in casual inquiries and some solutions 
(Cont.)

Selective Observation

We tend to focus on what we believe and ignore those do not fit the 
pattern. 

Overgeneralization can lead to selective observation.

Once we believe that all women are bad drivers, we tend to focus on 
those women who have bad practices, which reinforce your belief.

Solution: try to find the deviant cases. There are women drive well, and 
there are men that can’t drive!
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Looking for Reality

Common Errors in casual inquiries and some solutions 
(Cont.)

Illogical reasoning

When observations contradict our understandings, we tend to ignore the 
and they are just an exception.

For example: the gambler’s fallacy: An evening of bad luck at poker may 
kindle the belief that a winning hand is just around the corner. 

Solution: use systems of logic consciously and explicitly.

Science offers a special approach to the discovery of reality 
through personal experiences, and science protects us from 
the common pitfalls of ordinary inquiry.

The Foundation of Social Science

The foundation of social science: logic and observation 
A scientific assertion must have both logical and empirical 

support.

Logic aspect – scientific theories

Theory: A systematic explanation for the observations that relate to a 

particular aspect of life

Observation aspect – Data Collection and Analysis 

Data collection: such as interviews, survey, focus group, experiment…

Data analysis: statistics, content analysis…
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The Foundation of Social Science

Theory, Not Philosophy or Belief

Science cannot be used to settle value debates.

Science can’t solve the debates on which is superior? 

Capitalism or Socialism?

Buddhism or Christianity?

Social science can help know what is and why. Example:

Path Dependence Theory: An theory that tries to explain the continued 
use of a product or practice based on historical preference or use. 

We can use path dependence theory to explain why we use QWERTY 
keyboards. (https://www.youtube.com/watch?v=OI1F_c8MPVc)

The Foundation of Social Science

Social Regularities
Social research aims to find patterns of regularity in social life

What about exceptions?

Just because there are exceptions to a social regularity, it does not 

mean that the regularity is unreal or unimportant

People could interfere

The conscious will of social actors to upset social regularities does not 

pose a serious challenges to social science
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The Foundation of Social Science

Aggregates, Not Individuals
The collective actions and situations of many individuals

Focus of social science is to explain why aggregated patterns of 

behavior are regular even when individuals change over time

The Foundation of Social Science

Concepts and Variables
In social research and theory, we use variables and attributes to 
represent social concepts.

Variables – Logical groupings of attributes

Attributes – Characteristics of people or things

Variables Attributes

Age
Under 20, 20-30, 31-40….Young, Middle-
age, old

Sex Female, Male

Race African American, Asian, Latino

Education Level High School, College, Master, Doctor

Political View Liberal, Conservative 
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The Foundation of Social Science

Concepts and Variables
To identify causality, we 
tend to measure the 
relationship between two (or 
more) variables. 

For example, we try to 
identify if there is a 
relationship between 
“education” and “prejudice”.

Variable 1: Education, with 
the attributes of “educated” 
and “uneducated”. 

Variable 2: Prejudice, with 
attributes of “prejudiced” and 
“unprejudiced.”

As the result, a researcher 
may find if there is a 
relationship between the two 
variables or not.

The Foundation of Social Science
Some of us may believe that there is a causality between education and 
prejudice, then we need to build a theory that can explain the relationships. 

In this example, it may be more make sense to argue that: a person being 
educated or uneducated causes a lesser or greater likelihood of the person 
seeming prejudiced.

Independent variables & Dependent variables

Independent variable - A variable with values that are not problematical in 
an analysis, but are taken as simply given.

Dependent variable - A variable assumed to depend on or be caused by 
another (the independent variable)

In this case, level of education may cause different prejudice behavior. 
Therefore, education would be the independent variable, and prejudice is 
the dependent variable. 

Think it in another way: The likelihood of someone being prejudiced is 
dependent on his/her level of education.
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Some Dialectics of Social Science

Idiographic and Nomothetic Explanation

Idiographic – An approach to explanation in which we 

seek to exhaust the idiosyncratic causes of a particular 

condition of event.

Nomothetic – An approach to explanation in which we 

seek to identify a few causal factors that generally impact 

a class of conditions of event.

Some Dialectics of Social Science

Inductive and Deductive 

Theory

Induction – The logical 

mode in which general 

principles are developed from 

specific observations.

Deduction – The logical 

model in which specific 

expectations of hypotheses 

are developed on the basis of 

general principles.

*The dialectics will be addressed 

in detail in later chapters
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Some Dialectics of Social Science

Determinism versus Agency

Determinism – the belief that the human beings behaviors 

are all influenced / determined by particular social 

environment and conditions.

Agency – the belief that individuals have the free will to 

make their own choices

These different beliefs will lead to different research 

focuses, research designs, and the proposed solutions for 

addressing social problems. 

Some Dialectics of Social Science

Qualitative versus Quantitative Data

Qualitative – conducting social research with non-numerical data, 

and relies on verbal description.

Pro: richer in meaning. 

Con: can be subjective, less precise.

Quantitative – conducting social research with numerical data

Pro: data can be analyzed with formulas or mathematical models

Con: less rich in meaning

Choose appropriate method according to the purpose 

of research 
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The End



1

Theory and Social Research

Babbie E. (2016) The Practice of Social Science, Chapter 2

POLS 5377 Scope & Method of Political Science

Week 2 Scientific Inquiry

Key Questions:

What is paradigm? Why do we need to know 
paradigms? What are the major paradigms in social 
science?

What are the elements of social theory?

What are the models of conducting scientific 
research?

Deductive Reasoning (tradition model)

Inductive Reasoning



2

Outline
Social science paradigms

Element of Social Theory

Deductive Reasoning

Inductive Reasoning

Social Science Paradigms

Paradigms: “a model or frame of reference through which to 
observe and understand” or “Worldviews” by Creswell (2014): a 
basic set of beliefs that guide action. “A general philosophical 
orientation about the world and the nature of research that a 
researcher brings to a study.”

Paradigms are neither true nor false. 

Some are popular, and some are not.

Why do we learn paradigms?
To better understand the views and actions of others who are 
operating under different paradigms
Help ourselves to step outside of our paradigm
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Social Science Paradigms

Positivism

Early positivism
Auguste Comte (1978-1857): Society is a phenomenon that can be 
studied scientifically
A react to the predominated religious paradigm (everything is a 
reflection of God’s will)

Positivism
a philosophical system grounded on the rational proof/disproof 
scientific assertions.
Assumes a knowable objective reality

Example: Level of happiness can be measured (John Stuart Mill, 
1806-1873)

Social Science Paradigms

Rational Objectivity Reconsidered
Auguste Comte (1978-1857) claimed that society is a 

phenomenon that can be studied scientifically.

Really? Do humans always act rationally? Look at this 

video for Asch Experiment (1958). 

(https://www.youtube.com/watch?v=qA-gbpt7Ts8) 
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Social Science Paradigms

Criticisms of positivism

Humans are not always rational

Researchers / Scientists are not neutral in value either

Postpositivism

postpositivists pursue objectivity by recognizing the possible 
effects of biases

theories, background, knowledge and values of the 
researcher can influence what is observed

Postpositivists believe that a reality exists, but they hold that it 
can be known only imperfectly and probabilistically

Social Science Paradigms

Conflict Paradigms
A paradigm that views human behavior as attempts to dominate others 
and to avoid being dominated.

Emphasize the social, political, or material inequality of a social group

Karl Marx (1818-1883): social behavior is best explained as the process of 
conflict

Michel Chossudovsky: international and global competition (1997)

can apply to any groups with competing interests, such as the relations 
among different departments in an organization or conflicts among 
stakeholders in a policy issue 

Example: the role of stakeholders on the development of nuclear energy policy

Example: conflicts among family members
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Social Science Paradigms

Structural Functionalism

A paradigm that divides social phenomena into parts, each 
of which serves a function for the operation of the whole

A social entity can be viewed as an organism

Focusing on the function of institution, norms and structure 
within a social system

Example: what is the function of education? How does 
education contribute the wellbeing of the society? What are 
the relationships between education and other parts of the 
social system?

Social Science Paradigms

Symbolic Interactionism

A paradigm that views human behavior as the creation of 
meaning through social interactions, with those meanings 
conditioning subsequent interaction.

Rather than focusing on individuals’ traits or social structure, it 
interested in how individuals interacted with one another

We understand ourselves through other people’s perspectives

Example: visiting a girl’s family

Example: Symbolic interactionism and consumer behaviors
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Social Science Paradigms

Feminist Paradigm

Paradigms that (1) view and understand society through the 
experiences of women and/or (2) examine the generally 
deprived status of women in society.

Feminists call attention to aspects of social life that other 
paradigms do not reveal: Women have knowledge about their 
status and experience that is not available to men

Concerned with the treatment of women and the experience of 
oppression. 

Example: Glass Ceiling in work place, the breast feeding 
space in the public domain

Social Science Paradigms

Pragmatism

Research is problem-oriented and focuses on identify the 

solutions to problems

There is no single perspective to observe and to explain the 

social phenomenon, and researchers can use multiple 

approaches to derive knowledge about the problem.
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Element of Social Theory

Unlike natural sciences that has universal laws that can explain 
the nature of physical phenomenon, there is no universal laws 
that can be applied and explain all the social activities.

Social scientists develop theories to describe, explain or predict 
social patterns.

Theories: systematic sets of interrelated statements intended to 
explain some aspect of social life.

Concepts: basic building blocs of theory

Variables: special kinds of concept

Axioms: fundamental assertion which a theory is grounded

Proposition: specific conclusions derived from the axiomatic 
groundwork, about the relationship s among concepts

Hypothesis: specified testable expectation about empirical reality 
that follows from a more general proposition 

Deductive and Inductive Reasoning

Induction – The logical 

mode in which general 

principles are developed 

from specific observations.

Deduction – The logical 

model in which specific 

expectations of hypotheses 

are developed on the basis 

of general principles.
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Deductive Reasoning

Deductive reasoning process (Traditional Model of 

Science)

Theory: when conducting research, scientists start with a theory, 

which is consisted of concepts. 

Operationalization: concepts can be abstract, the researcher have 

to transform the concepts to the variables which is measurable. 

Operational definition: in order to make the observation precise 

and is able to communicate with others, researchers have to provide 

a clear definition to the variables. 

Observation: make observation on your cases to collect the data, so 

you can assign the values to the identified variables. With those 

value, you can test the hypothesizes and confirm the findings.

Deductive Reasoning

The deductive reasoning process 

can be presented with this figure.

Deductive model is developed 

with the belief of positivism, and 

tend to use quantitative methods.

Deductive model of scientific 

inquiry begins with a sometimes 

vague or general question, which 

is subjected to a process of 

specification, resulting in 

hypotheses that can be tested  

through empirical observations.
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Deductive Reasoning

Conducting deductive research:
Specify the topic.

Specify the range of phenomena your research want to address

Find out the theories that describe the relationships among those 
variables

Operationalize your major concepts and variables

Develop the testable hypotheses with the variables and identified 
relationships

Make observation and collect data

Use the data to test the hypotheses, and determine the 
relationships among variables. 

Deductive Reasoning
Deductive reasoning process 
Topic: the factors influencing customer loyalty toward online shopping 

Range of phenomena: the influence of satisfaction and trust on customer loyalty in online 
shopping

Theory: Satisfaction and trust have positive influence on customer loyalty

Identify major concepts and variables: 

Satisfaction: customer’s level of satisfaction toward the shopping experience at online 
shopping websites

Trust: customer’s level of trust to the online shopping websites

Customer loyalty: a customer continuing to believe that your organization’s product/service 
offer is their best option. Customer loyalty can be measured as: likelihood to continue 
purchasing products and services from the website

Develop hypotheses:

The higher one’s satisfaction, the greater one’s loyalty toward online shopping

The higher one’s trust, the greater one’s loyalty toward online shopping

Make observation: distribute questionnaires to the customers to conduct survey

Analyze the data, test the hypotheses, and determine the relationships among satisfaction, 
trust and customer loyalty in online shopping



10

Inductive Reasoning

Inductive reasoning
Observe aspects of social life and seek to discover patterns that 

may point to relatively universal principles

Inductive reasoning is developed with the belief in post-positivism 

and tend to use qualitative methods

Inductive reasoning starts with observation.

Through observation, researchers attempt to identify the patterns 

and generate theories from the patterns. 

Inductive Reasoning

Inductive 

reasoning process

Researcher poses generalization from past 
experiences

Researcher looks for broad patterns from 
themes or categories

Researcher analyzes data to form themes or 
categories

Researcher asks open-ended questions of 
participants

Researcher gathers information
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Inductive Reasoning

Example of conducting inductive research
Topic: economic development and poor community in urban area

Select a community, learn the social facts in the community, 
through observation, talking to people, living within the 
community, and participating community activities

Found the social structure and interaction patterns in the 
community: sub-groups in the community, social leaders, crime 
within the community, politicians, the relationship between crime 
and politics, crime and sub-groups, politician and social 
structure….

Generalize the social structure factors that constrain the 
development of poor communities

Deductive and Inductive Reasoning

Compare the difference between deductive and inductive research logic
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The End
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Key Elements of Research Design

Babbie E. (2016) The Practice of Social Science, Chapter 4 (pp. 90-105)

POLS 5377 Scope & Method of Political Science

Week 2 Scientific Inquiry

Key Questions:

What are the purposes of research?

What are the criteria of making nomothetic explanation?

What are necessary and sufficient causes?

How to distinguish the units of analysis of a research 
project?
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Outline
The purposes of social research

Criteria of nomothetic explanation

Necessary and sufficient causes

Unit of analysis

The Purposes of Social Science

Exploratory
To satisfy the researcher’s curiosity and desire for better understanding

To test the feasibility of undertaking a more extensive study

Examples: What is the unemployment rate? What is the racial composition of a particular city?

Explanatory
Providing reasons for phenomena in the form of causal relationships

Examples: Why do some cities have higher unemployment rates?

Predictive
Predicting the development of the future events

Examples: What is the predict employment rate of the country at the end of the year? 
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Idiographic and Nomothetic Explanation

One of the dialectics of social science mentioned in Chapter 1, 
there are idiographic and nomothetic research:

Idiographic
to find an exhaustive understanding of the causes producing events and 
situations in a single or limited number of cases

Researchers usually do not assume they understand the situations or 
phenomena, and try to seek to root out everything that contribute to the results 
presented in the community

Nomothetic
Seek to identify a few casual factors that generally impact a class of conditions or 
events. 

There could lots of factors that affect certain social condition, and a nomothetic 
explanation aims to find the one or two most significant causes that can efficiently 
explain or predict the whole.

Criteria of Nomothetic Explanation

As you can imagine, nomothetic explanations can be 
powerful, when they are used to explain, describe and 
predict social facts.

However, a nomothetic explanation has to meet certain 
criteria to be considered as scientific findings. 

A valid nomothetic explanation has to meet all three 
criteria:

1) The variables must be correlated,

2) The cause takes place before the effect, and

3) The variables are nonspurious.
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Criteria of Nomothetic Explanation
Correlation

an empirical relationship between two variables such that 
changes in one are associated with changes in the other, or 
particular attributes in one are associated with particular 
attributes in the other

Time order
It makes sense that we can’t say a causal relationship exists 
unless the cause precedes the effect in time.

Nonspuriousness
Spurious relationship means “a coincidental statistical correlation 
between two variables shown to be caused by some third 
variable.”

A valid causality requires that the effect cannot be explained by 
some third variables. 

Criteria of Nomothetic Explanation
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Criteria of Nomothetic Explanation

The notions of cause and effect are so commonly used 
in our daily life, it’s important to be aware of what 
“causality” do not mean.

When social researchers say that one variable causes 
another, they DO NOT mean to suggest complete 
causation, to account for exceptional cases, or to claim 
that the causation exists in a majority of cases. 

Criteria of Nomothetic Explanation
Complete causation: 

nomothetic explanation is probabilistic and incomplete. It is not the only cause to the 
effect. 

For example: Drug using causes the likelihood of committing crime. However, Drug 
using is not the only cause.

Exceptional cases: 
Exceptions do not disprove a causal relationship. 

The same example: even though you may know a drug user who didn’t commit to 
criminal activities, drug using still may cause crime. The exceptional cases do not 
disprove the general pattern.

Majority of cases
Causal relationships can be true even if they don’t apply in a majority of cases.

Example: we say drug users are more likely to commit crime than non-drug users. 
There is a causal relationship between drug using and crime. This causality is still true 
even if only a small percentage of those drug uses commit crime. As long as they are 
more likely to commit crime than non-drug users, we say there is a causal relationship.
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Necessary and Sufficient Causes

A necessary cause represents a condition that must be 
present for the effect to follow

A sufficient cause represents a condition that, if it is 
present, guarantees the effect in question.

Most satisfying outcome in research includes both 
necessary and sufficient causes

Necessary and Sufficient Causes

Necessary Cause: Being female is a necessary cause 
of pregnancy; that is, you can’t get pregnant unless you 
are female.
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Necessary and Sufficient Causes

Sufficient Cause: 
Not taking the exam 
is a sufficient cause 
of failing it, even 
though there are 
other ways of failing 
(such as answering 
randomly).

Necessary and Sufficient Causes

Question:

Would being 18 or older be a necessary or a sufficient 
cause of voting in the next presidential election?

(think for a few minutes, before you move on to the next page)
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Necessary and Sufficient Causes

Answer:

Being 18 or older is:

A necessary cause of voting in the next presidential 
election, but it would not be a sufficient cause.  

In order to vote in the next presidential election, a 
person has to be 18 or older.  But because there are 
other requirements for voting in presidential elections 
(such as having previously registered to vote), being 
18 is not a sufficient cause of voting.

Unit of Analysis

Units of Analysis – the what or whom being studied

Possible unit of analysis:

Individuals: students, voters, children, employees

Groups: Gang members, families, married couples

Organizations: Corporations, colleges, charity foundations

Social Interactions: friendship, emailing, trading, fights

Social Artifacts: Any product of social beings or their behavior, 
books, poems, paintings, jokes, songs
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Unit of Analysis

Example: when describing demographic characteristics 
of the room, we state: 60% of the population are female. 
The unit of analysis is individuals.

Unit of Analysis

Example: In this case, the unit of analysis is families. 
The analysis focuses on the families as a unit, even 
though we make observation on individuals. 



10

Example: In this case, the unit of analysis is “household.” You may 
make observation on the structure of the building (roof), or family 
members. However, in the statement, your focus is household.

Unit of Analysis

Questions:

Please identify the unit of analysis in the following 
statement:

1. A study of environmental law compliance by power 
plants.

2. A study of public opinion toward environmental 
regulations

(Answers are in the next page)
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Unit of Analysis

Answer:

1. A study of environmental law compliance by power 
plants.

Unit of analysis: corporations

2. A study of public opinion toward environmental 
regulations

Unit of analysis: individuals

The End
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Research Process

Babbie E. (2016) The Practice of Social Science, Chapter 4 (pp. 113-120)

POLS 5377 Scope & Method of Political Science

Week 3 Conducting Research

Key Question:

What are the process of conducting 
scientific research?
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Research Process

Connecting the logic

Research Design is not only a plot of your research 
process, but also a set of logical reasoning process 
that guide scientific inquiry.

Seeking reliable and valid reality requires consistent 
logic and quality empirical observation. 

More importantly, this process has to tightly connect to 
the question we want to answer. 

Identify Research 
Questions & Theory

Operationalization

Observation

Findings
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Research Process
1. Define the research problem and the purpose of your project –

exploratory, descriptive, or explanatory?

2. Conceptualization - Specify the meanings of each concept you 
want to study

3. Select research methods

4. Operationalization – Determine how you will measure the results

5. Population and sampling: determine whom or what to study

6. Collect empirical data

7. Process the data

8. Analyze the data

9. Report your findings

The End
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Operationalization & 
Measurement

Babbie E. (2016) The Practice of Social Science, Chapter 5 (pp. 123-145)

POLS 5377 Scope & Method of Political Science

Week 3 Conducting Research

Key Question:

How to measure the reality which could be 
abstract and ambiguous?

What are the level of measurement?
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Outline

Conceptualization

Operationalization

Level of measurement

Measuring Anything that Exists

Measurement

careful, deliberate observations of the real world for 
the purpose of describing objects and events in terms 
of the attributes composing the variable.

Example

Political Party Affiliation

Age

Satisfaction with College
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Measuring Anything that Exists

Concepts as constructs

Concepts are constructs derived by mutual agreement from mental 
images

Conceptions summarize collections of seemingly related 
observations and experiences

Directly observerable: gender, age, height, eyes color

Indirectly observables, can be identified by the answer given by 
someone, such as religious affiliation, preference of color

Constructs: measured by a scale that is created by combing several 
direct or indirect observables, such as individual’s attitude toward 
abortion; trust; loyalty

Conceptualization

Conceptualization

The process through which we specify what we mean 
when we use particular terms in research

We cannot meaningfully answer a question without a 
working agreement about the meaning of the outcome

Conceptualization produces a specific, agreed-upon 
meaning for a concept for the purposes of research
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Conceptualization

Indicator – an observation that we choose to 
consider as a reflection of a variable we wish to 
study.

Public safety: violent crimes per 100,000 population

Wealth of a country: GDP

Dimension – a specifiable aspect of a concept.

Love: communication, trust, attraction

Social Capital: trust (social trust & inter-racial trust); 
diversity of friendship…

Operational 
Definition

Real World 
Measurement

Conceptualization

Nominal 
Definition

• the process through which concepts are 
made more specific

• the definition that is simply assigned to a 
term without any claim that the definition 
represents a “real” entity

• specifies precisely how a concept will be 
measured

• Use the measurement to observe the real 
world
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Operational 
Definition

Real World 
Measurement

Conceptualization

Nominal 
Definition

• What are the different meanings and 
dimensions of the concept of “Social Class”?

• For this study, we will define “social class” as 
representing economic differences, 
specifically, income

• Measure economic differences via 
“individuals’ annual income, before taxes, 
last year”

• Conduct a survey and ask individuals a 
question: What was your annual income, 
before taxes, last year?

A Study of Social Class

Operationalization

Operationalization

is the development of specific research procedures that will 
result in empirical observations representing those 
concepts in the real world.

Use variables and attributes

An attribute is a characteristic or quality of something (ex: 
female, old, student).

A variable is a logical set of attributes (ex: gender, age).

Every variable must have two important qualities.

Attributes must be exhaustive.

Attributes must be mutually exclusive
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Level of Measurement

Nominal

Ordinal

Interval

Ratio

Categorical variables 

Quantitative variables 

Level of Measurement

Levels of Measurement – Nominal

Variables whose attributes are merely different; they 
have only the characteristics of exhaustiveness and 
mutually exclusiveness.

Examples: gender, religious affiliation, college major, 
hair color, birthplace, nationality
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Level of Measurement

Levels of Measurement – Ordinal

Variables with attributes we can logically rank in order. 
But we can’t tell the actual distance between any two 
categories. 

Examples: socioeconomic status, level of conflict, 
prejudice, conservativeness, alienation

Level of Measurement

Levels of Measurement – Interval

Variables whose attributes are rank-ordered and have 
equal distances between adjacent attributes.

Examples: IQ score, Time of Day on a 12-hour clock, 
age
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Level of Measurement

Levels of Measurement – Ratio

Variables whose attributes meet the requirements of 
an interval measure and have a true zero point.

Examples: Length of time, number of organizations, 
number of groups, number of As received in college, 
heights, weights

Level of Measurement
Implications of Levels of Measurement

Determines the arithmetic operations that can be 
applied to a variable.
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Level of Measurement

Importance of Levels of Measurement

Analyses require minimum levels of 
measurement.

Level of measurement affect the methods we 
can use for conducting statistical analysis

The End
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Sampling Methods

Babbie E. (2016) The Practice of Social Science, Chapter 7 (pp. 182-220)

POLS 5377 Scope & Method of Political Science

Week 3 Conducting Research

Key Question:

What is sampling?

What are the key differences between probability and 
nonprobability sampling?

What are the available nonprobability and probability 
sampling designs?

What are the potential weaknesses of each sampling 
design?
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Outline

Sampling

Nonprobability Sampling Methods

Probability Sampling Methods

Sampling

Sampling: a process of selecting observations

An appropriate sampling process allows a researcher to select 
a few people for study things that apply to hundreds of million 
of people not studied.

There are two types of sampling method:

Probability Sampling

Each member of the population has a known probability of being 
selected in the sample. The distribution of samples is more likely to 
represent the distribution of the population.

Nonprobability Sampling

Any technique in which samples are selected in some way not 
suggested by probability theory
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Nonprobability Sampling

Nonprobability Sampling: techniques in which samples 
are selected in some way not suggested by probability 
theory 

Reliance on available subjects

Purposive or judgmental sampling

Snowball sampling

Quota sampling

Nonprobability Sampling

Reliance on Available Subjects

Convenience sampling

Does not allow for control over representativeness

Only justified if less risky methods are unavailable

Researchers must be very cautious about generalizing when this 
method is used

Purposive or judgmental Sampling

the units to be observed are selected on the basis of the researcher’s 
judgment about which ones will be the most useful or representative

Select small subsets of a population

Two-group comparison

Deviant cases

Key person
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Nonprobability Sampling
Snowball Sampling

A nonprobability sampling method whereby each person interviewed 
may be asked to suggest additional people for interviewing

Often used in field research, special populations

To find out the actors in a network

Quota Sampling

Select a sample on the basis of pre-specified characteristics, so that 
the total sample will have the same distribution of characteristics 
assumed to exist in the population being studied

Quota frame must be accurate

Selection of sample elements may be biased

Example: interviewing managers and non-manager in an organization 
for a study of organizational culture

Nonprobability Sampling

Potential problem of nonprobability sampling: BIAS

Bias: those selected are not typical nor representative of 
the larger population
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Logic of Probability Sampling

Representativeness and Probability of Selection

Representativeness – the quality of a sample of having the same 
distribution of characteristics as the population from which it was 
selected.

EPSEM (Equal Probability of Selection Method)

A sample will be representative of the population from which it is 
selected if all members of the population have an equal chance of 
being selected in the sample.

Advantage of Probability Sampling

More representative than other types of samples because biases 
are avoided

Probability theory permits researchers to estimate the accuracy or 
representativeness of the sample

Types of Probability Sampling Design

Simple Random Sampling

Systematic Sampling

Stratified Sampling

Multistage Cluster Sampling
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Types of Probability Sampling Design

Simple Random Sampling 

the units composing a population are assigned numbers. A set of 

random numbers is generated and the units having those numbers 

are included in the sample.

Not necessarily the most accurate sampling method, when the 

population is not normally distributed or when there are significant 

differences among population

Types of Probability Sampling Design

Systematic Sampling

every kth unit in a list is selected for inclusion in the sample

Sampling Interval – the standard distance between elements 

selected from a population in the sample

Could be biased, if the list of elements is arranged in a cyclical 

pattern that coincides with the sampling interval.

For example: military list or apartment numbers
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Types of Probability Sampling Design

Stratified Sampling
Stratification is a modification to simple random and 
systematic sample methods

Stratification – the grouping of units composing a 
population into homogenous groups (strata) before 
sampling.

Slightly more accurate than simple random sampling.

Types of Probability Sampling Design

Multistage cluster sampling
Cluster Sampling – a multistage sampling in which 
natural groups are sampled initially with the members of 
each selected group being sub-sampled afterward.

Used when it is not practical or possible to create a list 
of all elements that compose the target population.

Highly efficient, but less accurate.
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Sampling Methods in 
Review

Probability sampling
Avoids researchers’ conscious or subconscious biases in 
element selection.

Probability sampling permits estimates of sampling error. 

Nonprobability Sampling
Often biased

Used in qualitative research

The End
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Reliability and Validity

Babbie E. (2016) The Practice of Social Science, Chapter 5 (pp. 145-152)

POLS 5377 Scope & Method of Political Science

Week 3 Conducting Research

Key Question:

How to judge measurement quality?
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Outline

Reliability

Validity

Precision and Accuracy

Social scientists try to observe and measure everything in 
the world, although there is often no single way to 
interpret the reality

When measuring the reality, we require the measurement 
to be precise and accurate.

In social science, when judging the quality of a research, 
we consider two criteria:

Reliability

Validity
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Reliability

Reliability: the quality of measurement method that 
suggests the same data would have been collected 
each time in repeated observations of the same 
phenomenon

Reliability does not ensure accuracy.

Subjectivity of researchers is a threat of reliability.

Improving Reliability

Test-Retest Method

To make the same measurement more than once.

Split-Half Method

using two or more items to measure the same concept. 
If the results of the two items are consistent, the 
measure is reliable.

Established Measures

Use measures previously shown to be reliable.
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Improving Reliability

Reliability of research workers

Clarity, specificity, training, and practice can prevent 
much unreliability

State the research design section in detail

It’s especially important for qualitative research

Validity

Validity – a term describing a measure that accurately reflects 
the concept it is intended to measure.

Face Validity – the quality of an indicator that makes it a 
reasonable measure of some variable.

Criterion-Related Validity (or predictive validity) – the degree to 
which a measure relates to some external criterion.

Construct Validity – the degree to which a measure relates to 
other variables as expected within a system of theoretical 
relationships.

Content Validity – the degree to which a measure covers the 
range of meanings included within a concept.
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Reliability and Validity

The End
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Statistics in Social Research

POLS 5377 Scope & Method of Political Science

Week 4 Introduction to Statistics

Healey. (2016) Statistics: A Tool for Social Research, Chapter 1

Key Question:

Why statistics for public managers?

What are roles of statistics in social research?

What are the discrete and continuous 
variables?

What are the different levels of measurement?
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Outline

The use of statistics

Statistics in social research

Discrete and continuous variables

Level of measurement

What is Statistics?
Statistics is the science of learning from data, and of 
measuring, controlling, and communicating uncertainty; 
and it thereby provides the navigation essential for 
controlling the course of scientific and societal 
advances. (Davidian & Louis; American Statistical 
Association)

We go through life making choices based on incomplete 
information

Most of us live comfortably with some level of 
uncertainty
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What is Statistics?
What makes statistics unique is its ability to quantify 
uncertainty, to make it precise.

This allows analysts/researchers to make statements 
with complete assurance about their level of uncertainty.

Use of Statistics
As a public and nonprofit manager, there are 
common uses of data and analysis: 

To describe and analyze problems

To describe policies and programs

To monitor progress and prevent fraud

To guide and improve program operations

To evaluate outcomes

Data does not explain itself. Always need 
appropriate organization, analysis, interpretation 
and communication.
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Role of Statistics in Social Inquiry

• Logic of reasoning (Deductive reasoning model)

Theory

Hypotheses

Observation

Empirical 
Generalization

Role of Statistics in Social Inquiry

• Operationalize concepts

• Variables: the traits that can change values 
from case to case
• Example: Age, Gender, Race, Social class

• Independent variables → Dependent variables

Cause               →   Effect

• Case: the entity from which data are gathered 
(unit of analysis)
• People, Groups, States, or Countries
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Role of Statistics in Social Inquiry

• Hypothesis
• The statement about the relationship of specific 

variables, which is derived from theory 
• Education and income

• People who receive higher education are more likely to have 
higher income levels

• A hypothesis is not a question. Rather, it is a 
statement that a researcher aims to test in the study.

• Hypotheses often include statements about a 
presumed impact of an independent variable (IV) on a 
dependent variable (DV)
• Education (IV) → Income (DV)

Role of Statistics in Social Inquiry

• Example of using statistics
• Variable: age

• Cases: citizens

• Data: the actual ages of citizens (8, 18, 30, 41, 76… 
etc.)

• Statistics:
• Average – average age of citizens in this community is 41.7 

years old

• Percentage – 15% of citizens are older than 70
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Descriptive & Inferential statistics
• Descriptive statistics

• Univariate descriptive: statistics describe or 
summarize variables one at a time
• Percentage, averages and various charts & graphs

• Bivariate and Multivariate descriptive: statistics 
describe or summarize the relationship between two
or three (or more ) variables
• People with higher education level have higher income (bivariate)

• Income levels increases with education for males but not for females 
(multivariate)

• Measure of association: descriptive statistics 
designed for understand the relationship between two 
or more variables. 

Descriptive & Inferential statistics

• Inferential statistics
• Generalize from a sample to a population

• Population includes all cases in which the research is 
interested

• Samples include carefully chosen subsets of the population

• Example: Presidential election polls
• Conduct survey with a few thousands of carefully selected 

voters

• This information is used to estimate the voting attention of all
voters (millions of people)

• The Republican candidate will receive 41% of the vote
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Types of Variables

• Independent or dependent
Cause → Effect

Independent → Dependent 

• Discrete or continuous

• Nominal, ordinal, or interval-ratio

Types of Variables

• Discrete variables:
• are measured in units that cannot be subdivided 

(whole numbers)

• Example: Number of children or number of cars

• Continuous variables:
• are measured in a unit that can be subdivided infinitely 

(fractional numbers)

• Example: Age or income
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Level of Measurement

• Nominal
• Scores are different from each other but cannot be 

treated as numbers

• Example
• Sex

1 = Female,  2 = Male 

• Race

1 = White, 2 =Black, 3 = Hispanic, 4 = Asian, 5 = Other

• Political party

1 = Republican,  2 = Democrat,  3 = Other

Level of Measurement
• Ordinal

• Scores can be ranked from high to low or from more to 
less

• Survey items that measure opinions and attitudes are 
typically ordinal

• To what extent do you agree or disagree that your 
jurisdiction has enough funding to meet its current fire 
protection needs?
• A respondent that agree would be more in favor than a 

respondent who disagreed

• If you can distinguish the options of the variable using terms such 
as more, less, higher, lower, the variable is ordinal
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Level of Measurement
• Interval-ratio

• Scores are actual numbers and have a true zero point 
and equal intervals between scores

• Examples:
• Age (in years), interval level

• Income (in dollars) ratio level

• Number of children, ratio level

• A true zero point (0 = no children)

• Equal intervals: each child adds one unit

Level of Measurement
(A) (B)

(C)

Level of measurement?
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Level of Measurement

• Answer:
(A) Nominal level

(B) Ordinal level
(C) Ordinal level

The End
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Basic Descriptive Statistics

POLS 5377 Scope & Method of Political Science

Week 4 Introduction to Statistics

Healey. (2016) Statistics: A Tool for Social Research, Chapter 2

Key Question:

How to compute and interpret percentages, 
proportions, ratios, rates, and percentage 
change?

How to construct and analyze frequency 
distributions for variables at each level of 
measurement?
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Outline

Percentage & Proportion

Ratio, rates, & percentage change

Frequency distribution

Percentage & Proportion
Consider the easiness of processing the information in 
readers’ brain

Difficult to 
process

Easier to 
interpret
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Percentage & Proportion
Percentage and proportion report relative size

Compare a part (specific category) to a whole (all 
categories)

Example: in a room of 10 people, 6 of them are women, 
and 4 are men. Express the distribution in terms of 
proportion and percentage:

The proportion of women in the room is 0.4 (4/10).

The percentage of women in the room is 40% 
(4/10*100%).

Percentage & Proportion

Formula

Percentage: 		%	 	 100

Proportion	 	

where		f	 	frequency,	or	the	number	of	cases	in	any	category

N 	the	number	of	cases	in	all	categories
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Percentage & Proportion
With small number of cases (less than 20), report actual 
frequencies

Always report number of observations along with 
proportions and percentages

Can calculate percentages and proportions for variables 
at all levels of measurement

Ratio
Compare the relative sizes of categories

Compare parts to parts

Ratio = 

f1 is the number of cases in first category

f2 is the number of cases in second category

Example: In a class of 23 females and 19 males, the 
ratio of males to females is:

19/23 = 0.83 

For every female, there are 0.83 males
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Rates
Express the number of actual occurrences of an event 
(births, deaths, homicides) vs. the number of possible 
occurrences per some unit of time

Crude death rate = 
	 	

	
1000

• If a town of 2300 had 17 deaths last year, the death rate 
is:

• (17/2300) * 1000 = (.00739) * 1000 = 7.39

• The town had 7.39 death for every 1000 residents

• This computation allows you to compare the deaths 
across countries without the impact of the size of 
population.

Rates
Steps:

1. Determine the number of occurrences  (f)

2. Determine the possible number of occurrences (n)

3. Divide the actual occurrences (f) by the possible 
occurrences (n)

4. Multiply by a power of 10 (often 1,000 or 100,000)
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Percentage Change
Measures the relative increase or decrease in a variable 
over time

Percentage change 	 100

where    f1 = first score, frequency, or value

f2 = second score, frequency, or value

Percentage change can also be calculated with 
percentages, rates, or other values

Percentage change can be positive (indicating increase 
from time 1 to time 2) or negative (indicating decrease 
from time 1 to time 2)

Percentage Change
Example 1

In 1990, a state had a murder rate of 7.3. By 2000, the rate 
had increased to 10.7. What was the relative change?

(10.7 – 7.3 / 7.3) * 100 = (3.4 / 7.3) * 100 = 46.58%

The rate increased by 46.58%.

Example 2
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Frequency Distribution
Data can appear as individual listings (raw scores) 
where each unit is shown with its value.

Example, in a statistic class of 5, each student receive 
the following scores on an examination:

Abby 85, Cathy 90, Jason 81, Rob 95, Joe 90

With only 5 students (number of case N = 5), it’s easy to 
read the values and know that the students did well. 
However, if there were 50, 100, or 200 students, 
evaluating the exam performance would be much 
difficult.

Frequency Distribution
A frequency distribution summarizes all the values into 
an easy-to-read format.

To construct a frequency table, order the data by value 
and list the number of cases recorded for each value.

In a statistics class with 50 students, the following 
grades were recorded:

100, 98, 95, 94, 91, 90, 87, 86, 85, 84, 80, 80, 77, 70, 65, 
64, 60, 100, 95, 94, 90, 87, 86, 85, 84, 80, 70, 95, 90, 87, 
86, 85, 80, 95, 90, 87, 86, 85, 95, 90, 87, 86, 85, 90, 87, 
85, 90, 87,87, 87
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Frequency Distribution

We need an easier way to organize the data. So, we can 
list the scores by their frequency.

I arranged all the score in order, and count the 
frequency (f) of each score.

For example, there are 2 students received a score of 
100. The frequency of 100 is 2. The table on the next 
page shows the frequency distribution of all the 50 
scores.

Score Frequency (f)

100 2

98 1

95 5

94 2

91 1

90 7

87 9

86 5

85 6

84 2

80 2

77 3

70 2

65 1

64 1

60 1

N = 50
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Frequency Distribution
As you can see, the table is long and it’s hard to get useful 
information. So, I group the scores into categories.

The categories should be of equal size and mutually 
exclusive. Because there is no scores lower than 60, so I 
keep the last category open.

The grouping changes the data from ratio into ordinal level 
measurement.

Score Frequency (f)

100 -90 18

89 – 80 26

79 – 70 3

69 and below 3

N = 50

Frequency Distribution
Frequency distributions are tables that report the 
number of cases in each category of a variable

Frequency distributions summarize distribution of a 
variable by reporting the number of times each score of 
a variable occurred

General Rule for categories of frequency distribution:

Exhaustive

Mutually exclusive

Each case counted in one and only one category
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Frequency Distribution –
Nominal Variables

Frequency distributions for nominal variables

Frequency Distribution –
Ordinal Variables

Support for birth control on a university campus
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Frequency Distribution –
Interval/Ratio Variables

Basic consideration

Complexity

Large number of categories

Requires collapsing or grouping of categories

Decide the number of categories and the width of 
those categories

Class intervals refer to the categories used in the 
frequency distribution

Frequency Distribution –
Interval/Ratio Variables

Grouping
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Cumulative Frequency & 
Cumulative Percentage

Cumulative frequencies and percentages refer to how 
many cases fall below a given score or class interval

The End
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Measures of Central Tendency

POLS 5377 Scope & Method of Political Science

Week 5 Descriptive Statistics

Healey. (2016) Statistics: A Tool for Social Research, Chapter 3

Key Question:

What is and why central tendency?

How to calculate and interpret the three measures 
of central tendency: the mode, median, and 
mean?

How to choose appropriate measures of central 
tendency according to level of measurement?

What is skewness and how is it identified?
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Outline

Central tendency – What & Why

Mode

Median

Percentiles, Deciles, and Quartiles

Mean

Three characteristics of the mean

Choosing a measure of central tendency

Central Tendency
Summarize information about the most typical, central, 
or average score of a variable. 

Univariate descriptive statistics

Three measures

Mode: the most common score

Median: the score of the middle case

Mean: the average score

The three measures provide different information and 
need to take the level of measurement into 
consideration

Case Days

1 32

2 41

3 70

4 50

5 63

6 50

7 50

8 124

9 50

10 63
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The Mode
The mode common score

Can be used with variables at all levels of measurement

Most often used with nominal level variables

Finding the mode

Count the number of times each score occurred

The score that occurs most often is the mode

2 2 3 5 7 7 7 8 9

The mode is 7.

The Mode
Limitation of the mode

Some distributions have no mode

2 3 5 9 10 11 13 17 19 20 

Some distributions have multiple modes

2 2 5 9 10 11 13 19 19 20

The mode of an ordinal or interval ratio level variable may not be 
central to the whole distribution Test score Frequency

95 5

68 3

65 4

62 2

60 4

N= 18

Mode
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The Median
Exact center of distribution of scores

The score of the middle case

Can be used with variables measured at the ordinal or 
interval-ratio levels

Cannot be used for nominal level variables

Steps:
Array the cases from low to high (or from high to low)

Locate the middle case

If N is odd: the median is the score of the middle case (the middle 
case: )

If N is even: the median is the average of the scores of the two middle 
cases (first middle case: ; second middle case: 1 )

The Median
Examples

The median can reduce the effect of outliers in the data

0 10 10 12 13 15 18 19 39 

The median is 7. 

0 8 10 10 12 13 15 18 19 39 

The median is (12+13)/2=12.5

(9+1)/2=5th case

First:     10/2=5th case
Second: 5+1=6th case
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Other Measures of Position

Percentiles: point below which a specific percentage of cases fall

Deciles: divides distribution into tenths (10%, 20%, 30%…90%)

Quartiles: divides distribution into quarters (25%, 50%, 75%)

Example: the 6th decile (or 60th percentile) for the sample of 10 test 
grades is 85, which tells us that 60% of students scored below 85 on the 
test.

Median: the 50th percentile, or the 5th decile or the 2nd quartile

60 65 72 78 80 85 88 90 90 92 

The 6th decile is 85

Other Measures of Position

How to calculate a percentile:

Arrange scores in order from low to high

Multiply the number of cases (N) by the proportional value of the 
percentile (for example: the 75th percentile would be 0.75)

The resultant value marks the number of the case that falls at the 
percentile

Examples:
 In a sample of 70 test grades we want to find the 4th decile (or 40th

percentile), 70 x 0.40 = 28, so the 28th case is the 40th percentile

 In a sample of 70 test grades we want to find the 3rd quartile (or 
75th percentile), 70 x 0.75 = 52.5, rounding to 53 the 53rd case is 
the 75th percentile
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The Mean
The average score

Requires variables measured at the interval-ratio level but is 
often used with ordinal-level variables

Cannot be used for nominal-level variables

The mean or arithmetic average, is by far the most 
commonly used measure of central tendency

The Mean
To calculate: add all of the scores and then divide by the 
number of scores (N )

Scores: 1 3 4 5 5 6 8 9

Mean ( ) = 5.125
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Characteristics of the Mean

The mean “balances” out all of the scores in a distribution; 
all scores “cancel out” around the mean

The mean is the point of minimized variation of the scores, 
“least squares principle”

The mean is affected by all scores; all scores are used in 
the calculation of the mean

Characteristics of the Mean

First, the Mean “balances out” all scores
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Characteristics of the Mean

Second, the Mean is the point of “Minimized” variation

Characteristics of the Mean

Third, the Mean is affected by all scores
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Characteristics of the Mean

Strength

The mean uses all the available information from the variable

Weaknesses

The mean is affected by every score

If there are some very high or low scores (as with skewed 
distributions), the mean may be misleading

Example: in 1984, the University of Virginia announced that its 
Department of Communication graduates had a mean starting salary of 
$55,000. They failed to report that one of the graduates was NBA player, 
Ralph Sampson.

Means, Medians, and Skew

When a distribution has a few very high or low scores, the 
mean will be pulled in the direction of the extreme scores

When an interval-ratio level variable has a pronounced 
skew, the median may be the more trustworthy measure of 
central tendency

Positive Skewed Negative Skewed
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Choosing a Measure of 
Central Tendency

Level of measurement

Choosing a Measure of 
Central Tendency

Information you aim to report
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Choosing a Measure of 
Central Tendency

Example: you conducted a survey on 50 people and ask them three 
questions:

What state are you from? (nominal)

What is your highest education level? Category: no high school, high 
school, college, graduate school (ordinal)

How old are you? (interval)

Report:

State: the largest number of people were from Texas (the Mode)

Education: the largest number of people were high school graduates; half 
the people have received college degree (the Mode; the Median)

Age: the largest number of people were 30; half the people are below the 
age of 32; the mean age is 35.6 years old. (the Mode; the Median; the 
Mean)

After this lecture:

You should be able to:

know the three measures of central tendency: the mode, the 
median, and the mean

calculate and interpret the three measures

identify the characteristics of the mean

indicate which measure of central tendency is appropriate 
for each level of measurement. 

identify skewness of the data distribution.
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Measures of Dispersion

POLS 5377 Scope & Method of Political Science

Week 5 Descriptive Statistics

Healey. (2016) Statistics: A Tool for Social Research, Chapter 4

Key Question:

What is dispersion?

How to compute and interpret the measures 
of dispersion: the range (R), the interquartile 
range (Q), the standard deviation ( ), and 
the variance ( )?

How to visualize dispersion via boxplots?
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Outline

The Concept of Dispersion

Range and Interquartile Range

Standard Deviation and Variance

Visualizing Dispersion: Boxplots

The Concept of Dispersion

Two datasets can have same mode, median, and mean, 
but still very different in terms of the range of dataset.

Ambulance response time to calls for assistance of two 
service teams:

Mean = Median = Mode = 7 minutes

A B
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The Concept of Dispersion

Dispersion refers to the variety, diversity, or 
amount of variation among scores.

The greater the dispersion of a variable, the 
greater the range of scores and the greater the 
differences between scores.

The Concept of Dispersion

There are four common measures of variability

Range (R)

Interquartile Range (Q) 

Variance (σ2 for population, S 2 for sample distribution)

Standard deviation (σ for population, S for sample distribution)
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Range
Range indicates the distance between the highest and 
lowest scores in a distribution

Range (R) = High Score – Low Score

Quick and easy indication of variability

Can be used with ordinal or interval-ratio variables, but 
cannot be used with variables measured at the nominal 
level

25, 25, 30, 30, 35, 35

5, 10, 20, 40, 50, 55

35 25 10

55 5 50

Range
Limitation:

Range only takes the highest and lowest scores into 
account

No information about variation between the high and 
low scores. 

10, 30, 30, 30, 30, 30, 50

20, 20, 20, 20, 20, 60, 60
40
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Interquartile Range (Q)
A type of range measure

Considers only the middle 50% of the cases in a distribution: Q1 & 
Q3 (first quartile and third quartile)

Avoids some of the problems of the range by only focusing on the 
middle 50% of scores

Low High

Q1 Q2=Median Q3

25% 50% 75%

Q = Q3 - Q1

Interquartile Range (Q)

Limitation: the Interquartile Range is based on only two 
scores, it fails to yield any information from all of the 
other scores

2, 3, 7, 12, 15, 15, 16, 30

Q1

= (3+7) / 2 = 5
Q3

= (15+16) / 2 = 15.5

Q = Q3 - Q1

= 15.5 - 5 
= 10.5
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Standard Deviation
The most important and widely used measure of 
dispersion

Should be used with interval-ratio variables but is often 
used with ordinal-level variables

It is a good measure of dispersion, because:

1. Use all scores in the distribution

2. Describe the average or typical deviation of the scores

3. Increase in value as the distribution of scores becomes more 
diverse

Standard Deviation & 
Variance

The Variance and Standard Deviation are based on 
the distance between each score and the mean

Formulas for variance and standard deviation:

Variance:   
∑

Standard Deviation:  
∑

Standard Deviation: the square root of the Variance.

Variance: The average of the squared differences from 
the Mean.
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Standard Deviation & 
Variance

Example:

5, 10, 20, 40, 50, 55 Mean = (5+10+20+40+50+55)/6 = 30

Mean=30

5-30
= -25

-20
-10

10
20

25

Variance:	
25 20 10 10 20 25

6
2250
6

Standard	Deviation:	 375 .

19.36

19.36

Standard Deviation & 
Variance

Steps of calculating Variance & Standard Deviation:

Calculate the mean ( )

Subtract the mean from each score ( )

Square each result 

Sum the total  ∑

Divide the sum by the total number of cases to get Variance   
∑

Take the square root of Variance to get the Standard Deviation 
∑
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Standard Deviation & 
Variance

25, 25, 30, 30, 35, 35 5, 10, 20, 40, 50, 55

( )

25 -5 25

25 -5 25

30 0 0

30 0 0

35 5 25

35 5 25

30 ∑ =100

∑
16.67 16.67 4.08

( )

5 -25 625

10 -20 400

20 -10 100

40 10 100

50 20 400

55 25 625

30 ∑ =2250

∑
375 375 19.36

(A) (B)

Standard Deviation & 
Variance

Report:

In Team A, the mean work load was 30 cases a week with a 
standard deviation of 4.08.

In Team B, the mean work load was 30 cases a week with a 
standard deviation of 19.36.

The size of the standard deviation is meaningful only in 
comparison with the mean.

For example, if the mean is 1000, a standard deviation of 
10 is small; if the mean is 15, a standard deviation of 10 is 
large.

The larger the standard deviation in relation to mean, the 
more dispersed are the values of the distribution.
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Visualizing Dispersion: 
Boxplots

Boxplots (or box and whiskers plots) provide helpful 
ways to visualize and analyze dispersion.

Interquartile 
Range (Q)

Q3+1.5Q or 
Highest Score

Q1 -1.5Q or 
Lowest Score

Visualizing Dispersion: 
Boxplots

Outliers
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After this lecture:

You should be able to:

Explain the concept of dispersion

Compute measures of dispersion: Range (R), Interquartile 
Range (Q)

Compute and interpret Standard Deviation( ) and 
Variance( )

Interpret and Draw boxplots
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Normal Curve

POLS 5377 Scope & Method of Political Science

Week 6 Normal Curve

Healey. (2016) Statistics: A Tool for Social Research, Chapter 5

Key Question:

What is the concept of normal curve?

How to compute Z scores and use the normal 
curve table to find the area with the given points

How to estimate the probability that certain scores 
will full under the normal distribution?
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Outline

Properties of the Normal Curve

Computing Z Scores

Using the Normal Curve Table

Estimating Probabilities

Properties of Normal Curve
When present a variable frequency distribution in diagram, we can 
see the distribution curve. There are all types shape of curve may 
be observed.

Statisticians found that normal curves are commonly observed in 
the real world.
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Properties of Normal Curve

The statisticians are very interested in the normal curve, 
and even standardized it for comparing frequency 
distributions across variables. 

Normal curve, Normal distribution, standardized normal 
distribution all refer to the same thing.

Why standardize the normal curve? 

To compare among different distributions. 

Consider the example of percentage and currency

Properties of Normal Curve

Theoretical

Bell-shaped

Smooth curve

Symmetrical

Unskewed

Tails extend to infinity

Mode, median, and mean are same value

50%50%
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Properties of Normal Curve

Most important property: distances on horizontal axis 
always cut off the same area, when measured by the 
standard deviation

±1 = 68.26%

±2 = 95.44%

±3 = 99.72%

+1 = 34.14%

+2 = 47.72%

+3 = 49.86%
68.26%

95.44%

99.72%

Properties of Normal Curve

Examples: IQ test results for male and female, both are 
normally distributed, but with different standard 
deviations. 

S = standard deviation
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Computing Z Scores
Z scores are scores that have been standardized to the 
theoretical normal curve

Z scores represent how different a raw score is from the 
mean in standard deviation units

To find areas, first compute Z scores

The Z score formula changes a raw score to a 
standardized score

Computing Z Scores
An IQ score of 130 falls one standard deviation above 
the mean

= 1.5
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Using the Normal Curve Table

Appendix A: The table for 
finding the area under the 
normal curve (pg.443, 10th ed., or 
pg. 469, 9th ed.)

The table has three columns 

Column A = Z scores

Column B = areas between 
the Z score and the mean

Column C = areas beyond the 
score Z into the tail

Using the Normal Curve Table

Appendix A can be used to 
find the areas above and 
below a score or between 
scores

First compute the Z score, taking 
careful note of the sign of the 
score.

Draw a picture of the normal 
curve and shade in the area in 
which you are interested.

Step1

Step2

0.3413=34.13%
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Using the Normal Curve Table

Example: find the area below a positive Z score: 0.85

Step 1: Column (a): z=0.85, Column (b): 0.3023

Step 2: Mark the area between the mean and z=0.85, and 
plus the area below the mean, 0.5 or 50%. 

Result: 0.5+0.3023=0.8023 or 30.23%+50%=80.23%

Step1 Step 2

0.3023=30.23%

Using the Normal Curve Table

Example: find the area above a positive Z score: 0.40

Step 1: Column (a): z=0.40, Column (c): 0.3446

Step 2: Mark the area beyond the z=0.40. 

Result: Area above z (= 0.40) is 0.3446 or 34.46%

Step1 Step 2

0.3446=34.46%
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Using the Normal Curve Table

Example: find the area below a negative Z score: -1.35

Step 1: Column (a): z=1.35, Column (c): 0.0885

Step 2: Mark the area below the z=-1.35. 

Result: Area above z (= -1.35) is 0.0885 or 8.85%

Step1 Step 2

0.0885=8.85%

Using the Normal Curve Table

Example: find the area between the z score of -0.35 and 0.60

Step 1: Column (a): z=0.35 & 0.60, Column (b): 0.1368 & 0.2257

Step 2: Mark the area between the z points. 

Result: Area between z -0.35 and 0.60 is: 0.1368+0.2257=0.3625 
or 36.25%

Step1 Step 2

0.2257=22.57%0.1368=13.68%
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Using the Normal Curve Table

Example: find the area between the z score of 0.65 and 1.05

Step 1: Column (a): z=0.65 & 1.05, Column (b): 0.2422 & 0.3531

Step 2: Mark the area between the z points. 

Result: Area between z 0.65 and 1.05 is: 0.3531- 0.2422=0.1109 or 
11.09%

Step1 Step 2

0.2422=24.22%

Estimating Probabilities

Areas under the curve can also be expressed as probabilities

Probabilities are proportions and range from 0.00 to 1.00

The higher the value, the greater the probability (the more likely the 
event)

The chances that a success could theoretically occur

Probability = 
#	

#	

Numerator - the number of events that would constitute a success 

the denominator - the total number of possible events

When flip a coin once, the probability of getting a head is 0.5.

When draw a card from a deck of cards. The probability of drawing an 
ACE from 52 cards, is 0.0769. (There are 4 aces in a deck of cards.)
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Estimating Probabilities

Mean = 13; s = 4. The probability of selecting a score of 19 or more:

Step 1: find the z score  	 1.5

Step 2: use the normal curve table to find z score 1.5 and the area beyond 
(column c): 0.0668

Result: probability of selecting a score of 19 or more is 0.0668.

Step1 Step 2

0.0668

1.5

After this lecture:

You should be able to:

Describe and explain the concept of the normal curve

Covert empirical scores to Z scores and use Z scores and 
the normal curve table to find areas below, and between 
points on the curve

Express areas under the curve in terms of probabilities
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Data presentation

Healey. (2016) Statistics: A Tool for Social Research, Chapter 2

POLS 5377 Scope & Method of Political Science

Week 7 Data Presentation

Key Questions:

What are the most commonly used graphs for data 
presentation?

How do we decide which graph we should use?

How can graphs be misused, and how do we avoid it?
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Outline
Pie charts

Bar charts

Histograms

Line charts

Using Graphs Appropriately

Using Graphs to Present Data

Pie charts, bar charts, histograms, and line charts present 
frequency distributions graphically

Graphs are commonly used for presenting “pictures” of research 
results

Graphs and charts are very useful ways to display the overall shape 
of a distribution
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Pie Chart

Pie charts are useful for categorical variables with only a few 
categories.  The pie is divided into segments which are proportional 
in size to the percentage of cases in each category.

When more than five, may consider to use other types of chart.

Bar Chart

Bar charts are useful for categorical variables.  The categories are 
represented by bars.  The height of these bars corresponds to the 
number or percentage of cases in each category.
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Histograms

Histogram: most appropriate for continuous interval-ratio 
level variables, but can be used for discrete interval-ratio 
level variables

Look like bar charts, but categories (or scores) of the 
variable border each other

Line Charts
Sometimes called frequency polygons

Constructed similarly to a histogram, except graph a dot at each 
category’s midpoint and then connect the dots

Especially appropriate for continuous interval-ratio level variables, 
but can be used for discrete interval-ratio level variables
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Using Graphs Appropriately

Because graphs are powerful and effective tool to 
deliver messages, they can also be misused by the 
presenter or misleading to the audience.  

We need to be extra cautious when presenting or 
reading graphs.

Here are some examples to show the importance of 
using graphs appropriately:

Using Graphs Appropriately

In 2015, the White House tweeted: “Good news: America’s high 
school graduation rate has increased to an all-time high.” The tweet 
included this chart:

Source: http://qz.com/580859/the-most-misleading-charts-of-2015-fixed/
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Using Graphs Appropriately
The chart is misleading, because:

The illustration does not represent the data in appropriate scale.

The column chart didn’t start the vertical axis at zero

Source: http://qz.com/580859/the-most-misleading-charts-of-2015-fixed/

Using Graphs Appropriately
To emphasize the change of rates, we can present the data with the 
y-axis starts from a higher value. But it is better to include more data 
points to give the audience a good reference. 

Source: http://qz.com/580859/the-most-misleading-charts-of-2015-fixed/
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Using Graphs Appropriately
Does Global Warming exist? National Review tweeted this line chart 
in December 2015.

Source: https://twitter.com/NRO/status/676516015078039556/photo/1?ref_src=twsrc%5Etfw

Using Graphs Appropriately
If we want to accurately represent the change of global average 
temperature since 1880, we can start the y-axis at a higher number:

Source: http://qz.com/580859/the-most-misleading-charts-of-2015-fixed/
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Using Graphs Appropriately

Watch this video to learn more about Misleading Graphs:

https://www.youtube.com/watch?v=GEsjMbTPiZM

Common misleading practices:
Vertical axis does not start from zero (it is appropriate under certain 
circumstances)

Using illustrations or icons

3D graphs

Uneven interval

Missing data points

Wrong information

Dealing with Data

As a analyst, when you get a dataset, first thing you 
should do: screen the dataset by using the descriptive 
statistics and check the following common problems:

Improbable values
Check the values that outside of expected range, for example, 
the age of respondents that is 3, 4, 5, or 99, 107…etc.

missing values
Check the blanks that should not be existed

outliers

inconsistent spelling
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After this lecture:

You should be able to:

Distinguish different types of graphs used in descriptive 
statistics

Be aware of the misleading graphs

Be a conscious data consumer and responsible data 
presenter



1

Sampling and the Sampling Distribution

Healey. (2016) Statistics: A Tool for Social Research, Chapter 6 

POLS 5377 Scope & Method of Political Science

Week 10 Inferential Statistics

Key Questions:

What is the inferential statistics? 

what are the sampling methods we use to conduct 
inferential statistics?

What are the differences between the sampling 
distribution, the sample, and the population?

How do we use sampling distribution to link the sample 
and the population?

2
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Outline

Inferential Statistics

Probability Sampling

The Sampling Distribution

Central Limit Theorem

3

Inferential Statistics

Descriptive Statistics: use of statistical techniques to describe and 
summarize data

Inferential Statistics: use of statistical techniques to generalize from 
a sample to a population

Researchers in the social sciences often try to deal with the 
problems that associate with a large population, such as:

the public’s attitudes toward certain policy issues

levels of well-being of citizens

It’s almost impossible or too expensive to conduct studies to collect 
information from each individual. 

The common solution: use the samples to estimate the population

4
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Inferential Statistics

The goal of inferential statistics: to generalize the characteristics 
(parameters) of a population based on what is learned from the 
samples.

There are two common applications for inferential statistics:

Estimation procedures (Lecture Week 10)

Hypothesis testing (Lecture Week 11 & 12)

Example:

The City Council of Houston would like to know how its citizens 
feel about its public transportation system.

However, it is impossible for the city government to ask every 
single citizen of Houston how they feel about its public 
transportation. It will take forever and is very pricy. 

5

Inferential Statistics

What do we do?

We randomly select a subset of people (say 100, 200, or 500) who 
live in Houston, and ask them how they feel about Houston’s public 
transportation.

From this sample of 100, 200, or 500 people we infer what the 
people of Houston think.

But, how to choose these 100, 200 or 500 people from the 2 million 
citizens?

Do you simply go to the downtown of Houston and grab 100 
people on the street? NO!!

If you remember our lecture in Week 3, there are different types 
of sampling method: probability sampling and non-probability 
sampling. 

6
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Probability Sampling

Basic concepts and terms

A population is the total set of items that we are concerned with. In 
our example, the population is all the people who live in Houston.

A sample is a subset of a population. In our example the sample 
would be the 100, 200, or 500 people from Houston we interview.

Sampling is a process of selecting observations from a population.

To ensure that a sample will accurately reflect the population from 
which it was drawn, we need to make sure that all samples were 
selected randomly. 

Be more precise, only probability samples can be used for inferential 
statistics. 

7

Probability Sampling

Probability Sampling

Each member of the population has a known probability of being 
selected in the sample. The distribution of samples is more likely to 
represent he distribution of the population.

If a sample is not random, we have committed sampling bias. This 
means our sample does not accurately reflect the whole population.

In the example of studying the citizens’ attitude toward its public 
transit system:

if I stand on the corner of Houston downtown, and ask the first 100, 
200 or 500 people that I meet

Will my sample be randomly (equal probability) selected? NO

Will my sample be biased? YES

8
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Probability Sampling

Why is my sample biased? There are several reasons:

not everyone I stop will be a Houston resident. Considering its downtown, 
many of them might be tourists.

not every resident of Houston is going to have an equal opportunity to be 
included.

With samples, our goal is to select cases so that our sample is 
representative of the population as a whole.

if we know that 60% of Houston’s population is female, our sample should 
contain approximately the same proportion of females.

Fundamentally, to maximize the chance of obtaining a representative 
sample, we should follow the principle of EPSEM (the Equal 
Probability of Selection Method). 

The principle is that every member of a population must have an 
equal probability of being selected for the sample.

9

Probability Sampling

EPSEM sampling techniques:

Simple random sampling

Systematic random sampling

Stratified random sampling

Cluster sampling

(Refer to Lecture Week 3-3 or textbook Healey Chapter 6 for the details of 
each sampling method)

In sum, we want to avoid biased sample. Only unbiased sample can 
be used in inferential statistics.

With biased sample, we can describe the sample distribution, but we 
cannot conduct inferential statistical analysis to estimate the 
population.

10
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Sampling Distribution
Let’s say we use one of the Equal Probability Selection 
Methods, and have an unbiased sample. Will our sample 
accurately reflect the population? No!

Important: just because a researcher follows EPSEM 
religiously, does not always mean a sample will be 
representative.

Despite our best efforts, we always assume that there is 
some error in our sample that occurs by chance.

The sampling error doesn’t mean the researcher made a 
mistake. Every time you draw a random sample, you 
always have the possibility of sampling error. 

11

Sampling Distribution

Example: toss a coin in the air ten times 

It will generate random outcomes. In 
theory, we will get a head five times, 
and a tail five times. 

Try it yourself. Did you get five heads and five tails?

I got a head six times and a tail four times.

Is it possible that I could toss the coin the times and 
get heads for ten times? Sure it is possible.

Just because the sample is properly selected does not 
eliminate the possibility that it does not accurately reflect 
the population.

12
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Sampling Distribution
Example: 

There are 10 students in the room. Each student has different amount of 
money in their pocket, from 0 to 9 dollars. Assume, a guest walks in, and 
randomly sample one student from this room to estimate the average amount 
of money the 10 students have in their pocket, based on the sample. What 
are the possible outcome the guest may get?

13

Sampling Distribution

We know the true average amount of money is $4.5.

Since each student has the equal probability to be selected, the guest 
can get any one of students with amount of money from 0 to 9.

Based on the student the guest 
selects, the estimated average 
amount of money could be from 0 to 9. 

Even though the process is random, 
the guest still have the probability to 
make a wrong estimation about the 
population. 

14
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Sampling Distribution

The diagram in the last slide, you see there is a 
distribution of all possible sampling outcomes. 

Sampling distribution is most important concept in 
inferential statistics. 

Definition: The theoretical, probabilistic distribution of a 
statistic for all possible samples of a given size (N)

Sampling distribution

is a theoretical concept

is a distribution of the mean of all possible sampling 
results.

is related to the size of the sample.

15

Sampling Distribution

Every application of inferential 
statistics involves 3 different 
distributions

Population: empirical; unknown

Sampling Distribution: theoretical; known

Sample: empirical; known

Information from the sample is linked 
to the population via the sampling 
distribution

Population

Sampling 
Distribution

Sample

16
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Sampling Distribution

Example:

10 students with 0 to 9 dollars in pocket. We sample 2 students from 
the 10 students. 

We select a first sample of 2 students and plot its mean, 3.5 (one has 
$2, another one has $5), then replace the selected students back into 
the population

Then we select a second sample of 2 students and plot that sample’s 
mean, 5 (one has $1, another one has $9), again replacing the 
students in the second sample back into the population

Sample 1 
3.5 ($2, $5)

Sample 2 
5 ($1, $9)

17

Sampling Distribution

We repeat this procedure (sampling and replacing) until we have 
exhausted every possible different combination of 2 students from the 
population of 10. There should be 45 possible samples. The sampling 
distribution looks like this:

The sampling distribution will be:

Normal in shape

Has a mean equal to the 
population mean (μ)

Has a standard deviation 
(standard error, σ) equal to the 
population standard deviation 
divided by the square root of N 

18
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Sampling Distribution

The example in the textbook:

Suppose we want to gather information on the age of a community of 
10,000 individuals

We select a first sample of 100 people and plot its mean, 27, then 
replace the people in the sample back into the population

Then we select a second sample of 100 people and plot that 
sample’s mean, 30, again replacing the people in the second sample 
back into the population

19

Sampling Distribution
We repeat this procedure (sampling and replacing) until we have 
exhausted every possible different combination of 100 people from 
the population of 10,000

Eventually, the sampling distribution will be

Normal in shape

Has a mean equal to the population mean (μ)

Has a standard deviation (standard error, σ) equal to the 
population standard deviation divided by the square root of N 

20
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Central Limit Theorem

If repeated random samples of size N are drawn from 
any population with mean µ and standard deviation σ, 
then, as N becomes large, the sampling distribution of 
sample means will approach normality, with a mean µ 
and standard deviation of 

For any trait or variable, even those that are not 
normally distributed in the population, as sample size 
grows larger, the sampling distribution of sample means 
will become normal in shape

21

Central Limit Theorem
22
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Central Limit Theorem

The importance of the Central Limit Theorem is that it 
indicates that even the population is not normally 
distributed, the sampling distribution is still have a 
normal distribution.

It applies to large samples (N≥100), but if the sample is 
small (N<100) we must have information on the 
normality of the population before we can assume the 
sampling distribution is normal

23

Implication of Sampling 
Distribution

The sampling distribution is normal so we can use the 
Normal Curve Table to find areas

We do not know the value of the population mean (μ) 
but the mean of the sampling distribution is the same 
value as μ

We do not know the value of the population standard 
deviation (σ) but the standard deviation of the sampling 
distribution is equal to σ divided by the square root of N 
( )

24
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Three Distributions

Shape Central
Tendency Dispersion

Sample Varies S

Sampling 
Distribution Normal ̅= =

Population Varies

25

After this lecture:
You should learn the following key concepts:

The purpose of inferential statistics

Need to EPSEM to sample to have unbiased sample for 
inferential statistics

Even an unbiased sample may not represent the population by 
chance

Understand the meaning and characteristics of sampling 
distribution

Use the sampling distribution to link the sample and the 
population

Understand the Central Limit Theorem in inferential statistics

26
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Estimation Procedures

Healey. (2016) Statistics: A Tool for Social Research, Chapter 7 

POLS 5377 Scope & Method of Political Science

Week 10 Inferential Statistics

1

Key Questions:

How to use the sample and sampling distribution to 
estimate the population?

What is confidence level, how to compute and interpret 
it?

How to compute the estimated confidence intervals?

How to report the estimated confidence intervals?

2
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Outline

Constructing Confidence Interval

Confidence Interval Estimation

Report Confidence Interval

Width of Interval Estimates

3

Logic of Estimation

Use the sample to estimate the population

The sample should be unbiased (use EPSEM 
techniques)

Every time we draw a random sample, we always 
have the possibility of sampling error.

The sample is linked to the population via the 
sampling distribution

According to the central limit theorem, if the sample 
size big enough, the sampling distribution will be

Normal in shape

Population

Sampling 
Distribution

Sample

4
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Sampling Distribution as a 
Normal Curve

The sampling distribution as a normal curve

68% of all possible sample means ( ) is in the range of ±1 z score

95% of all possible sample means ( ) is in the range of ±2 z score

99% of all possible sample means ( ) is in the range of ±3 z score

Example: Estimate the average income in a community

N = 500

= $45,000

?

5

Constructing Confidence Interval

Constructing confidence interval

Step 1: Decide the probability of error: (alpha)
=0.05 or 95% confidence level are commonly used

Sometimes, we may set the probability of error =0.01 or 99% 
confidence level

6
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Confidence Interval

Step 2: Find the Z score associated with the by using 
the normal curve table

If is equal to 0.05, we would place half (0.025) of this probability 
in the lower tail and half in the upper tail of the distribution

Looking up this area in column c of the Table, we find a Z of 1.96

Z=-1.96
Z=1.96

7

Constructing Confidence Interval

Step 2: Find the Z score associated with the by using 
the normal curve table

8
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Constructing Confidence Interval
Finding Z for the confidence level at 85%

Step 1: decide the value of 
Given that the confidence level is 85%, we are willing to be wrong 
15% of the time, and alpha equals 0.15

Step 2: Find the Z score associated with the 
Dividing the total area of 0.15 across the two tails of the sampling 
distribution, we find an area in one tail of 0.0750 (0.15/2)

Looking in column c of normal curve table, we find a Z of 1.44  for 
an area of 0.749 and a Z of 1.43 for an area of 0.0764

Choosing between these two Z scores, we would pick 1.44, the 
larger one.

Z = ±1.44

9

Constructing Confidence Interval

Z score of common confidence levels

10
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Confidence Interval Estimation

Confidence intervals for sample means

Large (N≥100) Samples, σ known

. .

c.i. = confidence interval

= sample mean

Z = the Z score determined by level

= the standard deviation of the sample distribution (standard 

error of the mean)

→ ∗

11

Confidence Interval Estimation

Confidence intervals for sample means

Large (N≥100) Samples, σ Unknown

. .
1

c.i. = confidence interval

= sample mean

Z = the Z score determined by level

S = the standard deviation of the sample

N-1 = number of sample case - 1

12
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Confidence Interval Estimation

Example 1: Large Sample, σ known
From a sample of 200 residents, the sample mean IQ is 105 and 
the population standard deviation is 15

Calculate a 95% (alpha = 0.05) confidence interval

. .

. . 105 1.96
15

200

. . 105 1.96
15

14.14
. . 105 1.96 1.06
. . 105 2.08

13

Confidence Interval Estimation

Example 2: Large Sample, σ unknown
The mean income for a random sample of 500 community 
residents is $45,000 with a standard deviation of $200

Calculate a 95% (alpha = 0.05) confidence interval

. .
1

. . 45000 1.96
200

499
. . 45000 1.96 8.95
. . 45000 17.54

14



8

Confidence Interval Estimation

How to report the confidence interval estimation?

Example 2: 

Based on a sample of 500 residents, we can estimate 
that the average income of residents in this community 
is $45,000 17.54, at 95% confidence level.

Another way to state the interval:

44,982.46 ≤ μ ≤ 45,017.54

Based on a sample of 500 residents, we estimate 
that the population mean is greater than or equal to 
$44,982.46 and less than or equal to $45,017.54, at 
95% confidence level

15

Confidence Interval Estimation

Reminder:

For 95% confidence level, we provide the estimated 
values with ± 1.96 standard deviation from the mean 
of the sampling distribution. It indicates that 95% 
chance the population mean ( ) is actually in this 
interval. 

However, there is 5% chance that the population 
mean is not included in this interval. 

16
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Confidence Interval Estimation

Confidence intervals for sample proportions (large sample)

Step 1: decide the level

Step 2: find the z score associated with the level

Step 3: calculate the value with the following formula

. .
1

= sample proportion

= population proportion

. .

17

Confidence Interval Estimation

Example 1

We random sample 200 residents of Houston and find 
40% in support of a new public transportation system

Calculate a 95% (alpha = 0.05) confidence interval

. . . . 0.4 1.96
0.5 1 0.5

200

. . 0.4 1.96
0.5 0.5
200

. . 0.4 1.96
0.25
200

. . 0.4 1.96 0.04

. . 0.4 0.08

c.i. = 40% 8%

Based on a sample of 200 residents, we 

estimate that Houston residents that in 

support the new public transportation system 

is between 32% and 48%, with a confidence 

level of 95%.

18
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Confidence Interval Estimation

Example 2

Estimate the proportion of students at the university 
who missed at least one day of classes because of 
illness last semester

In a random sample of 200 students, 60 students 
reported missing one day of class due to illness

Calculate a 90% (alpha = 0.1) confidence interval

19

Confidence Interval Estimation

Example 2

According to the statement, the sample proportion is 0.30 (60/200)

. .
1

. . 0.3 1.65
0.5 1 0.5

200

. . 0.3 1.65
0.5 0.5
200

. . 0.3 1.65
0.25
200

. . 0.3 1.65 0.04

. . 0.3 0.066

Based on a sample of 200 college students, we 

are 90% confident that the estimated 

proportion of students that had missed one 

day of class due to illness last year is between 

0.234 and 0.366, or between 23.4% and 36.6%

20
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Report Confidence Interval

Interpret a confidence interval in a sentence or two that 
includes information on:

The sample statistic (mean or proportion)

The calculated confidence interval

The sample size (N)

The population to which you are estimating

The confidence level (often 95%)

21

Report Confidence Interval

Examples:

c.i. = 45,000 ± 17.55 = $44,982.45 to $45,017.55

“Based on a sample of 200 community residents, we are 
95% confident that the estimated average income for the 
entire community is between $44,982.45 and 
$45,017.55”

c.i. = 0.30 ± 0.066 = 0.234 to 0.366

“Based on a sample of 200 college students, we are 90% 
confident that the estimated proportion of students that 
had missed one day of class due to illness last year is 
between 0.234 and 0.366, or between 23.4% and 36.6%”

22
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Width of Interval Estimates

The width of confidence intervals can be controlled by 
manipulating two terms in the equation:

The confidence level (or alpha)

When the confidence level increases (and the alpha 
decreases) the calculated interval is wider

23

Width of Interval Estimates

The width of confidence intervals can be controlled by 
manipulating two terms in the equation:

The sample size

When sample size increases the calculated interval is 
narrower

24
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Summary

The formulas for calculating confidence intervals with large 
sample size 

25

After this lecture:

You should be able to:

Interpret the concept of confidence levels

Estimate confidence interval of sample means and 
sample proportions

Report confidence intervals formally

26
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The One-Sample Test

Healey. (2016) Statistics: A Tool for Social Research, Chapter 8 

POLS 5377 Scope & Method of Political Science

Week 11 Hypothesis Testing

Key Questions:

What is the logic behind hypothesis testing?

What are the steps used to test hypotheses?

How to interpret and report the results of hypothesis 
testing?

What are the different formulas used for hypothesis 
testing?

2
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Outline

Logic of Hypothesis Testing

Five-Step Model of Testing Hypothesis

One-Tailed and Two-Tailed Tests

Hypothesis Testing – Proportion 

Interpreting Test Results

3

Logic of Hypothesis Testing

Example:

A researcher is studying the effectiveness of an influenza awareness 
campaign in Walker County that is designed to increase flu vaccination rate 
in the community. 

Since it is not feasible to survey each citizen, the research takes a random 
sample of 250 citizens who received the campaign messages. 

The researcher notes that citizens in the sample appear to have higher rate 
of receiving the flu vaccination.

4

Population
All citizens in  Texas

Sample
250 citizens drawn from those received 

the campaign messages

43% flu vaccination rate
2.2

48%	flu vaccination rate
N = 250
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Logic of Hypothesis Testing

Question: are citizens who receive the influenza awareness campaign 
messages more likely to receive flu vaccination than are the citizens 
of Texas as a whole? 

There are two ways to interpret the difference between the 43% and 
the 48%. 

First, there is no difference between citizens who received the campaign 
messages and the citizens in the state in general in terms of flu vaccination 
rate. The difference seen is trivial and due to the effects of random chance. 

Second, the flue vaccination rate difference we see in our sample is real. 
These differences are statistically significant. The difference is very unlikely 
to have occurred by random chance. The awareness campaign works.

How do we decide which interpretation is true? We set up a decision 
making process that enables us to choose the interpretation that is 
less likely to be incorrect.

5

Logic of Hypothesis Testing

A Test of Significance, or Hypothesis Testing is the process we 
use for make this decision. 

To test the two possible interpretations, we always assume the first 
one is correct – that there is NO difference (statistically significant 
difference) between the sample and the population.

This is known as the null hypothesis.

When we begin to test our hypothesis, we actually test the null 
hypothesis.

The null hypothesis always specifies that any relationship or 
difference found is due solely to chance.

In other words, that there is no difference between the two groups.

6



4

Logic of Hypothesis Testing

Two hypotheses:

Null Hypothesis (H0)
“The difference is caused by random chance” ; H0 always states 
there is “no significant difference”

H0: There is no difference between citizens in our sample and all 
citizens in the State as a whole in terms of flu vaccination rate. 

Alternative hypothesis (H1)
“The difference is real”; H1 always contradicts H0

H1 : There is a difference between citizens in our sample and all 
citizens in the State as a whole in terms of flu vaccination rate. 

One (and only one) of these explanations must be true, 
but which one?

7

Logic of Hypothesis Testing
Assume the H0 is true

What is the probability of getting the sample mean (48%) if the H0 is true 
and all citizens received the campaign messages really have a mean of 
43% vaccination rate?

If the probability is less than 0.05, reject the null hypothesis – which 
means reject the idea of there is no difference between the two groups

Use the 0.05 value as a guideline to identify if the difference is rare 
or not. 

Use the normal curve table to determine the probability of getting 
the observed difference. 

If the observed value falls into the 0.05 area (z > 1.96; z< -1.96), the 
difference is large enough, that only 0.05 chance the H0 is true. 

Reject H0

8
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Logic of Hypothesis Testing
Example:

A researcher is studying the effectiveness of a rehabilitation center 
that treats alcoholics. The researcher sampled 127 people who were 
treated in the center.

Question: Does the population of all treated alcoholics have different 
number of absent day than the community as a whole?

What is the cause of the difference between 6.8 and 7.2?

Real difference or Random chance?

9

Community (all alcoholics) Sample drawn from all treated 
alcoholics

7.2 days of absent per year
1.43

6.8	days of absent per year
N = 127

Logic of Hypothesis Testing

10
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Logic of Hypothesis Testing
H0: There is no difference between treated alcoholics in our sample 
and the whole community in terms of number of absent day. 

H1 : There is a difference between treated alcoholics in our sample 
and the whole community in terms of number of absent day. 

If H0 is true, then the mean of the sampling distribution should be 
same as the population mean, 7.2

What is the probability of getting a sample that its mean ( ) equals 
6.8?

11

Logic of Hypothesis Testing

Calculate the z score with the formula:

/

6.8 7.2

1.4/ 127

0.4
0.127

3.15

12

Standard deviation 
of sampling 
distribution

Population meanSample mean

Population 
Standard 
Deviation

: 	
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Logic of Hypothesis Testing
With the sampling error 0.05 (Z=±1.96), the result Z = -3.15 shows 
the sample mean falls in the shaded area. 

This means, if H0 is true, the probability of the sample mean to be 
6.8 is less than 0.05, which is very low (H0 is unlikely to be true). 

Therefore, we reject H0 .  

13

Five-Step Model

Make assumptions and meet test requirements

State the null hypothesis (H0) and alternative hypothesis 
(H1)

Select the sampling distribution and establish the critical 
region

Compute the test statistic

Make a decision and interpret the results of the test

14



8

Five-Step Model - Example

Citizens in a city complain about the poor design of the 
transportation system which has caused the long 
commute-to-work time.

The nationwide average commute-to-work time is 25.3 
minutes (μ).

A random sample of 182 (N) residents in the city has a 
mean commute-to-work time 28.0 minutes, with a 
standard deviation (s) of 9.4 minutes. 

Is there a difference between the city and the 
nationwide average in terms of commute time?

15

Five-Step Model - Example

Step 1: Make Assumptions and Meet Test Requirements

Random sampling

Hypothesis testing assumes samples were selected 
according to EPSEM

The sample of 182 was randomly selected from all 
residents of the city

Level of measurement is interval-ratio

Commute time measured in minutes is an interval-ratio 
level variable, so the mean is an appropriate statistic

Sampling distribution is normal in shape

This is a “large” sample (N ≥ 100)

16
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Five-Step Model - Example

Step 2: State the Null and Alternative hypothesis
H0: There is no difference between the city and the nationwide average 
in terms of commute-to-work time.

The sample of 182 comes from a population (the City citizens) that 
has an average commute-to-work time of 25.3 minutes 

The difference between 25.3 and 28 is trivial and caused by random 
chance

H1: There is a difference between the city and the nationwide average 
in terms of commute-to-work time.

The sample of 182 comes from a population that does not have a 
commute-to-work time of 25.3 minutes

The difference between 25.3 and 28 reflects an actual difference of 
commute time between the city and nationwide.

17

Five-Step Model - Example

Step 3: Select Sampling Distribution and Establish the 
Critical Region

Sampling Distribution= Z

Alpha (α) = 0.05

Alpha is the indicator of “rare” events

Any difference with a probability less than α is rare and will cause us 
to reject the H0 

Critical region begins at ±1.96

This is the critical Z score associated with a two-tailed test and α 
equal to 0.05

If the Z score of the sample mean falls in the critical region, reject H0

18
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Five-Step Model - Example

Step 4: Compute the Test Statistic 
Sample size: 182 (>100, large sample)

Population standard deviation ( ) : unknown

Sample standard deviation (s): 9.4

Formula: 

/ 1

28.0 25.3

9.4/ 182 1
3.86

Z (obtained): 3.86

19

Five-Step Model - Example

Step 5: Make a Decision and Interpret Results
The obtained Z score fell in the critical region so we reject the H0

If the H0 were true, a sample outcome of 28.0 would be unlikely

Therefore, the H0 is false and must be rejected

Report result:

With equals 0.05, the obtained Z score of 3.86, the null hypothesis 
is rejected. The data suggests that there is a difference between the 
city and the nationwide in terms of the commute-to-work time. The 
decision to reject the null hypothesis has a 0.05 probability of being 
wrong.

20
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Hypothesis Testing - Summary

It is important to know that, there are different types of 
test of significance, and to know when to use what:

When comparing samples to the population, use 
one-sample z test (large sample; N≥100) or 

one-sample t-test (small sample; N<100)

When comparing two samples, use a two-sample t-
test.

Two formulas of calculating z scores:

When is known: 
/

When is unknown: 
/

21

Hypothesis Testing - Summary

Each test produces a score, either a z score or a t score 
depending upon the test. This is called the test statistic. 

What the test statistic tells us is whether the difference 
between the means we are comparing is statistically 
significant or not.

If the score is significant, we reject the null hypothesis 
– there is a difference between the two data sets.

If the score is not significant, we do not reject the null 
hypothesis – there is no significant difference between 
the two data sets.

22
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Choices in Hypothesis Testing

Although you can follow the five-step model to test 
hypotheses, there are two choices that would affect your 
testing process:

One-tailed or two-tailed test

Alpha ( ) level

23

One-Tailed or Two-Tailed Test

Two-tailed: States that population mean is “not equal” to 
value stated in null hypothesis

H1: µ ≠ 7.2 (a difference in the number of absent day)

H1: µ ≠ 25.3 (a difference in the commute-to-work time)

One-tailed: Differences in a specific direction
H1: µ < 7.2 (treated people have lower number of absent day)

H1: µ > 25.3 (the citizens in the city spend more time on commuting 
to work)

The choice between one and two-tailed test is based on 
the researcher’s expectation about the two groups. 

If the direction is not clear, we use the two-tailed test.

24
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One-Tailed or Two-Tailed Test

Your choices of one-tailed or two-tailed test would affect 
the Z score of the given α value

25

α =0.025 α =0.025

One-Tailed or Two-Tailed Test

26

α =0.05

α =0.05
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One-Tailed or Two-Tailed Test

Your choices of one-tailed or two-tailed test would affect 
the Z score of the given α value

27

Selecting an Alpha Level

By assigning an alpha level, one defines an “unlikely” 
sample outcome

Alpha level is the probability that the decision to reject the 
null hypothesis is incorrect

28
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The Five-Step Model: Proportions

When analyzing variables that are not measured at the 
interval-ratio level (and therefore a mean is inappropriate), 
we can test a hypothesis on a one sample proportion

For example, the flu vaccination rate mentioned at the beginning of 
this lecture

The five step model remains primarily the same, with the 
following changes:

The assumptions are: random sampling, nominal level of 
measurement, and normal sampling distribution

The formula for Z(obtained) is:

1 /

29

The Five-Step Model: Proportions

A random sample of 122 households in a low-income 
neighborhood revealed that 53 (Ps = 0.43 = 53/122) of the 
households were headed by women

In the city as a whole, the proportion of women-headed 
households is 0.39 (Pu)

Are households in lower-income neighborhoods significantly 
different from the city as a whole?  

Conduct a 90% hypothesis test (alpha = 0.10)

30
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The Five-Step Model: Proportions

Step 1: Make Assumptions and Meet Test Requirements

Random sampling

Hypothesis testing assumes samples were selected 
according to EPSEM

The sample of 122 was randomly selected from all lower-
income neighborhoods

Level of measurement is nominal

Either woman-head or not women-headed

Sampling distribution is normal in shape

This is a “large” sample (N ≥ 100)

31

The Five-Step Model: Proportions

Step 2: State the Null and Alternative Hypothesis
H0: Pu = 0.39; There is no difference between the lower-income 
neighborhoods and the city as a whole in terms of the proportion of 
women-headed households 

The sample of 122 comes from a population where 39% of 
households are headed by women; The difference between 0.43 and 
0.39 is trivial and caused by random chance

H1: Pu ≠ 0.39; There is a difference between the lower-income 
neighborhoods and the city as a whole in terms of the proportion of 
women-headed households (Two-tailed test)

The sample of 122 comes from a population where the percent of 
women-headed households is not 39; The difference between 0.43 
and 0.39 reflects an actual difference between lower-income 
neighborhoods and all neighborhoods

32
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The Five-Step Model: Proportions

Step 3: Select Sampling Distribution and Establish the 
Critical Region

Sampling Distribution= Z distribution (N is large)

Alpha (α) = 0.10 (two-tailed)

Critical region begins at ±1.65

This is the critical Z score associated with a two-tailed test 
and alpha equal to 0.10

If the obtained Z score falls in the critical region, reject H0

33

The Five-Step Model: Proportions

Step 4: Compute the Test Statistic

1 /

0.43 0.39

0.39 1 0.39 /122
0.91

Z(obtained) = +0.91

34
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The Five-Step Model: Proportions

Step 5: Make a Decision and Interpret Results

The obtained Z score did not fall in the critical region so we 
fail to reject the H0

If the H0 were true, a sample outcome of 0.43 would be likely

Therefore, the H0 is not false and cannot be rejected

Report result:

With equals 0.10, the obtained Z score of 0.91, we fail 
to reject the null hypothesis. The data suggest that the 
population of women-headed households in lower-income 
neighborhoods is not significantly different from the city as 
a whole.

35

Reminders

When report your findings, you always want to include the 
level of significance (α value), the obtained test statistic 
(Z obtained) and the conclusion in the statement. 

Never use the word “prove” in your conclusion. Instead, 
state that the “findings indicate …” or the “data suggest …”

We do not claim H0 is correct or incorrect, we only reject or 
fail to reject H0. When dealing with samples, we have to be 
prepared for the possibility for error.

36
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Type I and Type II Errors

Type I, or alpha error ( ): 

Rejecting a true null hypothesis

Type II, or beta error (β) :

Failing to reject a false null hypothesis

Relationships between decision making and errors

37

H0 actually is True H0 actually is False

Reject H0 Type I error ( ) Correct

Fail to Reject H0 Correct Type II error (β)

Type I and Type II Errors
As you increase the level of significance, say from .10 to .01, the 
smaller the critical area and the harder it becomes to reject the null 
hypothesis.

The harder it becomes to reject the null, the less likely the probability of 
Type I error.

However, as the critical region becomes smaller, the chances of 
committing a Type II error increase.

So, the selection of a level of significance must be conceived as a 
balance between the types of error.

Normally, in the social sciences, we want to minimize Type I error, and 
the conventional significance level is set as 0.05.

However, the researchers can always change the significance level 
(such as 0.04 or 0.03), if they think it is reasonable for the specific 
context.

38
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After this lecture:
You should learn the following key concepts:

The logic of hypothesis testing

How to state the null hypothesis and alternative hypothesis

How to test hypothesis using the five step process

Distinguish different formulas that is suitable for different 
conditions: such as when the is known or unknown; when 
calculating sample mean or sample proportion

Distinguish the critical values for one-tailed and two-tailed 
tests.

How to determine if we reject or fail to reject the null 
hypothesis; how to report findings formally and appropriately

The types of error we may commit when testing hypothesis

39



The Two-Sample Test

Healey. (2016) Statistics: A Tool for Social Research, Chapter 8 & 9

POLS 5377 Scope & Method of Political Science

Week 12 Hypothesis Testing II



Key Questions:

How to test a hypothesis with a small sample size?

What is the basic logic of the two-sample test?

How to conduct the two-sample test for means (large 
and small samples)?

How to conduct the two-sample test for proportions 
(large samples)?

2



Outline
The Student’s t Distribution 
Logic of Two-Sample Case
Two-Sample Test of Means (Large Samples)
Two-Sample Test of Means (Small Samples)
Two-Sample Test of Proportions (Large 
Samples)

3



The Student’s t Distribution 
When the population standard deviation (σ) is known:

Conduct z test with the formula:  𝑍𝑍 =
�𝑋𝑋−𝜇𝜇
𝜎𝜎/ 𝑁𝑁

when the population standard deviation (σ) is unknown:
For large samples (N ≥ 100), we can use the sample standard 
deviation (s) as an estimator of the population standard deviation (σ)  
(Formula: 𝑍𝑍 =

�𝑋𝑋−𝜇𝜇
𝑆𝑆/ 𝑁𝑁−1

) Use standard (Z) normal distribution

For small samples (N < 100), sample standard deviation (s) is too 
biased an estimator of σ, 

Do not use standard normal distribution (Z distribution)
Use Student’s t distribution

Formula: 𝑡𝑡 =
�𝑋𝑋−𝜇𝜇

𝑆𝑆/ 𝑁𝑁−1

4



The Student’s t Distribution 

Compare the Z distribution to the Student’s t distribution:

5



The Student’s t Distribution 

Compare the Z distribution to the Student’s t distribution:

6



The Student’s t Distribution 

Use Appendix B for the t distribution
How t table differs from Z table?

Column at left for degrees of freedom (df)
df = N – 1

Alpha levels along top two rows: one- and two-tailed
Entries in table are actual scores: t(critical)

Mark beginning of critical region, not areas under the 
curve

7



The Student’s t Distribution 

A researcher wants to know whether commuter students 
are different from the general student body in terms of 
academic achievement. 
Based on the record, the average student GPA is 2.50. 
She randomly collected a sample of 30 commuter students, 
and learned the average GPA of the 30 students is 2.78 
with a standard deviation of 1.23. 
Based on these information, is there a difference between 
commuter students and the general students? Make 
decision with the confidence level at 99%.

8



The Student’s t Distribution 

Step 1: Make Assumptions and Meet Test Requirements
Random sampling
Level of measurement is interval-ratio

Student academic achievement is measures in GPA
Sampling distribution is normal 

9



The Student’s t Distribution 

Step 2: State the Null and Alternative hypothesis
H0: µ = 2.5 There is no difference between commuter 
students and the general students in terms of academic 
achievement.
H1: µ ≠ 2.5 There is a difference between commuter 
students and the general students in terms of academic 
achievement.

(Based on the question statement, the researcher didn’t 
predict a specific direction of the difference. Therefore, we 
will run a two-tailed test. )

10



The Student’s t Distribution 

Step 3: Select Sampling Distribution and Establish the 
Critical Region

Sampling distribution = t distribution 
because 𝜎𝜎 is unknown and N=30 (<100)
Alpha (α) = 0.01 for 99% confidence level (two-tailed test)
df = N-1= 30-1= 29

11

df
Two-Tailed Test

0.02 0.01 0.001
28 2.467 2.763 3.674

29 2.462 2.756 3.659

30 2.457 2.750 3.646

Critical region begins at ± 2.756
This is the critical t score 
associated with a two-tailed test 
and α equal to 0.01
If the t score of the obtained sample 
mean falls in the critical region, 
reject H0



The Student’s t Distribution 
Step 4: Compute the Test Statistic 

Sample size: 30 (<100, small sample)
Population standard deviation (𝜎𝜎) : unknown
Population mean (𝜇𝜇) = 2.5
Sample mean ( �𝑋𝑋) = 2.78
Sample standard deviation (s): 1.23

Formula:      𝑡𝑡 =
�𝑋𝑋−𝜇𝜇

𝑆𝑆/ 𝑁𝑁−1

𝑡𝑡(𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) = 2.78−2.5
1.23/ 30−1

= 0.28
1.23/5.39

= 0.28
0.23

= 1.22

t (obtained): 1.22

12

-2.756
t (critical)

+2.756
t (critical)

0
μX

+1.22
t (obtained)



The Student’s t Distribution 
Step 5: Make a Decision and Interpret Results

The obtained t score doesn’t fall in the critical region so we fail to reject 
the H0

If the H0 is true, a sample outcome of 2.78 would be likely
Therefore, the GPA difference between 2.78 and 2.5 is not significant 
enough. H0 could be true, we fail to reject H0

Report result:
With 𝛼𝛼 equals 0.01, the obtained t score of 1.22, we fail to reject the 
null hypothesis. The data suggests that there is no significant 
difference between commuter students and the general students in 
terms of academic achievement. 

13



Logic of Two-Sample Case
One-sample case: we draw a random sample, compare it to the 
population, to decide if the sample mean is significantly different from the 
population mean.
Two-sample case: we draw two random samples, compare the two 
sample means to generalize about a difference between the two 
respective population means.
Example of two-sample case:

We may want to examine the difference in support for gun control 
between men and women. 
We can draw two sets of sample, men and women, and compare the 
difference between the two sample means.
With the test result, we can decide if all U.S. men and all US women 
differ on this issue. 

14



Logic of Two-Sample Case
15



Logic of Two-Sample Case
In two-sample case, the H0 always states that the two 
populations are the same:

There is no difference between the parameters (features) 
of the two populations

If the difference between the sample statistics is large 
enough, or, if a difference of this size is unlikely,  assuming 
that the H0 is true, we will reject the H0 and conclude there is 
a difference between the populations

16



The Five Step Model

Changes from the one-sample case:
Step 1: In addition to samples selected according to EPSEM 
principles, samples must be selected independently of each 
other: independent random sampling

Independent random sampling: the two samples should be selected 
randomly and separately from each other. In our case, selecting a 
specific male would not affect the probability of selecting any particular 
female.

Step 2: Null hypothesis statement will state that the two 
populations are not different.
Step 3: Sampling distribution refers to difference between 
the sample statistics.

17



The Five Step Model
Changes from the one-sample case:

Step 3: Sampling distribution refers to the distribution of all 
possible mean differences between two samples.

for one-sample test, z obtained =
�𝑋𝑋−𝜇𝜇
𝜎𝜎/ 𝑁𝑁

or 
�𝑋𝑋−𝜇𝜇

𝑆𝑆/ 𝑁𝑁−1

for two-sample test, z obtained= 
�𝑋𝑋1− �𝑋𝑋2 −(𝜇𝜇1−𝜇𝜇2)

𝜎𝜎�𝑋𝑋1−�𝑋𝑋2
=

�𝑋𝑋1− �𝑋𝑋2
𝜎𝜎�𝑋𝑋1−�𝑋𝑋2

𝜎𝜎 �𝑋𝑋1− �𝑋𝑋2 = 𝜎𝜎12

𝑁𝑁1
+ 𝜎𝜎22

𝑁𝑁2
(when 𝜎𝜎 is known)

𝜎𝜎 �𝑋𝑋1− �𝑋𝑋2 = 𝑠𝑠12

𝑁𝑁1−1
+ 𝑠𝑠22

𝑁𝑁2−1
(when 𝜎𝜎 is unknown)

18
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Hypothesis Test for Means
Two-Sample Test of Means (Large Samples)

Based on the information generated by the two samples

Questions: Do men and women significantly differ on their 
support of gun control? With 95% confidence level.

19

Sample 1 (Men) Sample 2 (Women)

Mean ( �𝑋𝑋1)= 6.2 Mean ( �𝑋𝑋2)= 6.5

Standard deviation (𝑆𝑆1)= 1.3 Standard deviation (𝑆𝑆2)= 1.4

Sample size (𝑁𝑁1)= 324 Sample size (𝑁𝑁2)= 317



Two-Sample Test of Means 
(Large Samples)

Step 1: Make Assumptions and Meet Test Requirements
Independent random sampling

The samples must be independent of each other
Level of measurement is interval-ratio

Support of gun control is assessed with an interval-ratio 
level scale, so the mean is an appropriate statistic

Sampling distribution is normal in shape
Total N ≥ 100 (N1 + N2 = 324 + 317 = 641) so the Central 
Limit Theorem applies and we can assume a normal 
shape

20



Two-Sample Test of Means 
(Large Samples)

Step 2: State the Null and Alternative Hypothesis
H0: μ1 = μ2

There is no difference between the men and the women 
in terms of support of gun control.
The null hypothesis asserts there is no difference 
between the populations

H1: μ1 ≠ μ2
There is a difference between the men and the women in 
terms of support of gun control.
The alternative hypothesis contradicts the H0 and asserts 
there is a difference between the populations

21



Two-Sample Test of Means 
(Large Samples)

Step 3: Select the Sampling Distribution and Establish 
the Critical Region
Sampling Distribution = Z distribution

Because sample size (N) is large (N= N1 + N2 = 324 + 
317 = 641 >100)
Alpha (α) = 0.05 (two-tailed)
Z (critical) = ±1.96
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Two-Sample Test of Means 
(Large Samples)

Step 4: Compute the Test Statistic
Calculate the pooled estimate of the standard error

𝜎𝜎 �𝑋𝑋1− �𝑋𝑋2 =
𝑠𝑠12

𝑁𝑁1 − 1
+

𝑠𝑠22

𝑁𝑁2 − 1
=

1.32

324 − 1
+

1.42

317 − 1

=
1.69
323

+
1.96
316

= 0.0052 + 0.0062 = 0.0114 = 0.107

Calculate the obtained Z score

𝑍𝑍 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
�𝑋𝑋1− �𝑋𝑋2
𝜎𝜎�𝑋𝑋1−�𝑋𝑋2

= 6.2−6.5
0.107

= −0.3
0.107

= −2.80
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Two-Sample Test of Means 
(Large Samples)

Step 5: Make a Decision
The obtained test statistic (Z = -2.80) falls in the critical 
region so reject the null hypothesis

The difference between the sample means is so large that we can 
conclude that a difference exists between the populations 
represented by the samples
The difference between men’s and women’s support of gun control is 
significant.

Report result:
With 𝛼𝛼 equals 0.05, the obtained Z score of -2.80, we reject the null 
hypothesis. The data suggest that there is a difference between 
men’s and women’s support of gun control. 
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Hypothesis Test for Means
Two-Sample Test of Means (Small Samples)

Based on the information generated by the two samples

Question: Do families that reside in the center-city have 
more children than families that reside in the suburbs? With 
95% confidence level.

25

Sample 1 (suburbs) Sample 2 (center-city)

Mean ( �𝑋𝑋1)= 2.37 Mean ( �𝑋𝑋2)= 2.78

Standard deviation (𝑆𝑆1)= 0.63 Standard deviation (𝑆𝑆2)= 0.95

Sample size (𝑁𝑁1)= 42 Sample size (𝑁𝑁2)= 37



Two-Sample Test of Means 
(Small Samples)

Step 1: Make Assumptions and Meet Test Requirements
Independent random sampling

The samples must be independent of each other

Level of measurement is interval-ratio
Number of children can be treated as interval-ratio, so the mean is an 
appropriate statistic

Sampling distribution is normal in shape
Because we have two small samples (N < 100), we have to add the 
next assumption in order to meet this assumption

Population variances are equal
As long as the two samples are approximately the same size, we can 
make this assumption
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Two-Sample Test of Means 
(Small Samples)

Step 2: State the Null and Alternative Hypothesis
H0: μ1 = μ2

There is no difference between the suburbs and the 
center-city in terms of number of children in a family.
The null hypothesis asserts there is no difference 
between the populations

H1: μ1 < μ2
Families that reside in the center-city have more children 
than families that reside in the suburbs.
The alternative hypothesis contradicts the H0 and asserts 
there is a difference between the populations
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Two-Sample Test of Means 
(Small Samples)

Step 3: Select the Sampling Distribution and Establish 
the Critical Region
Sampling Distribution = t distribution (N is small)

Alpha (α) = 0.05 (one-tailed)

Degrees of freedom = N1 + N2 -2 = 42+37-2 = 77

t (critical) = -1.671

28

df
One-Tailed Test

0.10 0.05 0.025

40 … … …

60 … 1.671 …

120 … … …



Two-Sample Test of Means 
(Small Samples)

Step 4: Compute the Test Statistic
Calculate the pooled estimate of the standard error

𝜎𝜎 �𝑋𝑋1− �𝑋𝑋2 =
𝑁𝑁1𝑠𝑠12 + 𝑁𝑁2𝑠𝑠22

𝑁𝑁1 + 𝑁𝑁2 − 2
𝑁𝑁1 + 𝑁𝑁2
𝑁𝑁1𝑁𝑁2

=
(42)(0.63)2 + (37)(0.95)2

42 + 37 − 2
42 + 37
42 37

=
42 0.40 + 37 0.90

77
79

1554 =
50.10

77
79

1554 = 0.65 0.05 = 0.81 0.22

= 𝟎𝟎.𝟏𝟏𝟏𝟏

Calculate the obtained t score

𝑡𝑡 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
�𝑋𝑋1− �𝑋𝑋2
𝜎𝜎�𝑋𝑋1−�𝑋𝑋2

= 2.37−2.78
0.18

= −0.41
0.18

= −2.28
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Two-Sample Test of Means 
(Small Samples)

Step 5: Make a Decision
The obtained test statistic (t = -2.28) falls in the critical 
region so reject the null hypothesis          t (critical) = -1.671

The difference between the sample means is so large that we can 
conclude that a difference exists between the populations 
represented by the samples
The difference between city-center and suburbs in terms of number 
of children in a family is significant.

Report result:
With 𝛼𝛼 equals 0.05, the obtained Z score of -2.28, we reject the null 
hypothesis. The data suggest families that reside in the center-city 
have more children than families that reside in the suburbs. 
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Hypothesis Test for Proportions
Two-Sample Test of Proportions (Large Samples)

One-sample test of proportions:  𝑍𝑍 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑃𝑃𝑠𝑠−𝑃𝑃𝑢𝑢
𝑃𝑃𝑢𝑢(1−𝑃𝑃𝑢𝑢)/𝑁𝑁

Two-sample test of proportions: 𝑍𝑍 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑃𝑃𝑠𝑠1−𝑃𝑃𝑠𝑠2 −(𝑃𝑃𝑢𝑢1−𝑃𝑃𝑢𝑢2)
𝜎𝜎𝑝𝑝−𝑝𝑝

𝑍𝑍 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
𝑃𝑃𝑠𝑠1 − 𝑃𝑃𝑠𝑠2
𝜎𝜎𝑃𝑃−𝑃𝑃

𝜎𝜎𝑝𝑝−𝑝𝑝 = 𝑃𝑃𝑢𝑢(1 − 𝑃𝑃𝑢𝑢)
𝑁𝑁1 + 𝑁𝑁2
𝑁𝑁1𝑁𝑁2

𝑃𝑃𝑢𝑢 =
𝑁𝑁1𝑃𝑃𝑠𝑠1 + 𝑁𝑁2𝑃𝑃𝑠𝑠2

𝑁𝑁1 + 𝑁𝑁2
𝜎𝜎𝑝𝑝−𝑝𝑝=the standard deviation of the sampling distribution of the difference 
between sample proportions
𝑃𝑃𝑠𝑠1 − 𝑃𝑃𝑠𝑠2= the difference between the sample proportions
𝑃𝑃𝑢𝑢1 − 𝑃𝑃𝑢𝑢2= the difference between the population proportions
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Hypothesis Test for Proportions
Two-Sample Test of Proportions (Large Samples)

Random samples of black and white senior citizens have been selected 
and classified as high or low in terms of their number of memberships. 
The proportions of each group classified as “high” in participation and 
sample size for both groups are: 

Questions: Do Black and White senior citizens differ in their number of 
memberships in clubs and organizations? With 95% confidence level.

32

Sample 1 
(Black senior citizens)

Sample 2 
(White senior citizens)

Sample Proportion (𝑃𝑃𝑠𝑠1)= 0.34 Sample Proportion (𝑃𝑃𝑠𝑠2)= 0.25

Sample size (𝑁𝑁1)= 83 Sample size (𝑁𝑁2)= 103



Two-Sample Test of Proportions 
(Large Samples)

Step 1: Make Assumptions and Meet Test Requirements
Independent random sampling

The samples must be independent of each other
Level of measurement is nominal

We have measured the proportion of each group 
classified as having a “high” level of membership

Sampling distribution is normal in shape
Total N ≥ 100 (N1 + N2 = 83 + 103 = 186) so the Central 
Limit Theorem applies and we can assume a normal 
shape
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Two-Sample Test of Proportions 
(Large Samples)

Step 2: State the Null and Alternative Hypothesis
H0: Pu1 = Pu2

There is no difference between Black and White senior citizens in 
terms of the proportion of classified as “high” in participation 
memberships
The null hypothesis asserts there is no difference between the 
populations

H1: Pu1 ≠ Pu2

There is a difference between Black and White senior citizens in 
terms of the proportion of classified as “high” in participation 
memberships
The research hypothesis contradicts the H0 and asserts there is a 
difference between the populations
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Two-Sample Test of Proportions 
(Large Samples)

Step 3: Select the Sampling Distribution and Establish 
the Critical Region
Sampling Distribution = Z distribution

Because sample size (N) is large (N= N1 + N2 = 83 + 103 
= 186 >100)
Alpha (α) = 0.05 (two-tailed)
Z (critical) = ±1.96
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Two-Sample Test of Proportions 
(Large Samples)

Step 4: Compute the Test Statistic
Calculate the pooled estimate of the standard error

𝑃𝑃𝑢𝑢 = 𝑁𝑁1𝑃𝑃𝑠𝑠1+𝑁𝑁2𝑃𝑃𝑠𝑠2
𝑁𝑁1+𝑁𝑁2

= 83 0.34 +(103)(0.25)
83+103

= 0.29

𝜎𝜎𝑝𝑝−𝑝𝑝 = 𝑃𝑃𝑢𝑢(1 − 𝑃𝑃𝑢𝑢) 𝑁𝑁1+𝑁𝑁2
𝑁𝑁1𝑁𝑁2

= 0.29(0.71) 83+103
(83)(103)

= 0.45 0.15 = 0.07

Calculate the obtained Z score

𝑍𝑍 𝑜𝑜𝑜𝑜𝑡𝑡𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 =
𝑃𝑃𝑠𝑠1 − 𝑃𝑃𝑠𝑠2
𝜎𝜎𝑃𝑃−𝑃𝑃

=
0.34 − 0.25

0.07
= 1.29

36



Two-Sample Test of Proportions 
(Large Samples)

Step 5: Make a Decision
The obtained test statistic (Z = +1.29) does not fall in the 
critical region so fail to reject the null hypothesis 

The difference between the sample proportions is so large that we 
can conclude that a difference exists between the populations 
represented by the samples
The difference between the memberships of Black and White senior 
citizens is not significant.

Report result:
With 𝛼𝛼 equals 0.05, the obtained Z score of 1.29, we fail to reject the 
null hypothesis. The data suggest that there is no difference between 
Black and White senior citizens in their number of memberships in 
clubs and organizations.

37



After this lecture:
You should learn the following key concepts:

How to conduct t test

The differences between one-sample and two-sample 
cases

How to conduct two-sample test of means with large and 
small samples

How to conduct two-sample test of proportion with large 
samples
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Chi Square

Healey. (2016) Statistics: A Tool for Social Research, Chapter 11

POLS 5377 Scope & Method of Political Science

Week 13 Hypothesis Testing IV

Key Questions:

What is a cross-tabulation table?

What is the logic of chi square?

How to conduct a chi square hypothesis test, and 
interpret the results?

How to conduct chi square tests and interpret the 
results within SPSS?

What are the limitations of using chi square tests?

2



2

Outline

Bivariate (Cross tabulation) Tables

Logic of Chi Square

The Computation of Chi Square

The Chi Square Test within SPSS

Limitation of the Chi Square Test

3

Bivariate Table
Bivariate table = Cross tabulation table = Contingency table

display the scores of cases on two different variables at the same time 

A researcher is studying membership in voluntary associations and 
hypothesizes that unmarried people will be more involved because they 
have fewer family obligations and more free time.

4

Title

Variable and its 
categories

Row 1
Row 2

Column 1 Column 2



3

Bivariate Table

5

Title

Rows 
(Dependent 

Variable)
Columns (Independent Variable) Total

Row 1 cell a cell b Row 
Marginal 1

Row 2 cell c cell d Row 
Marginal 2

Total
Column 

Marginal 1
Column 

Marginal 2 N

Bivariate Table
There are two dimensions: rows and columns

Columns are scores of the independent variable

There will be as many columns as there are categories on the 
independent variable

Rows are scores on the dependent variable

There will be as many rows as there are categories on the 
dependent variable

There will be as many cells as there are categories on the two 
variables combined

Each cell reports the number of times each combination of 
categories occurred

6
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Logic of Chi Square ( )
Chi Square as a test of statistical significance is a test for 
independence

Independence: Two variables are independent if the classification of 
a case into a particular category of one variable has no effect on the 
probability that the case will fall into any particular category of the 
second variable” (p. 274 in 9th edition; p. 279 in 10th edition)

The chi square test is a procedure for evaluating the level of statistical 
significance of a relationship between two variables in a bivariate table 
or contingency table (also called crosstabs).

The chi square procedure assumes that there is no relationship 
between two variables in the population (null hypothesis).

7

Logic of Chi Square ( )
We are looking for significant differences between the actual cell 
frequencies observed in a table (fo) and those that would be expected 
by random chance or if cell frequencies were independent (fe)

	

fo: the cell frequencies observed in the bivariate table

fe : the cell frequencies that would be expected if the variables were 
independent

Row	marginal	 Column	marginal

8
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Logic of Chi Square ( )
Example

Is there a relationship between the accreditation status of social 
work programs and the employment status of their students?

100 students were selected and asked 1) if they graduate from a 
accredited / non-accredited program? 2) if they are working as a 
social worker?

9

Dependent
variable

Independent
variable

Observed 
Frequencies

Logic of Chi Square ( )
Expected frequency (fe) for the top-left cell

10

Expected 
Frequency

Row	marginal	 Column	marginal 40 55
100

22
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Logic of Chi Square ( )
Compute obtained 

11

	

Obtained 

Five-Step Model - Chi Square

Step 1: Make Assumptions and Meet Test Requirements

Independent random samples

Level of Measurement is nominal 

Accredited program / Non-accredited program

Working as a social worker / not working as a social worker

(Note: In chi square hypothesis test, we don’t need to assume the 
normal distribution of the population or sampling distribution)

12
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Five-Step Model - Chi Square
Step 2: State the Null Hypothesis & Alternative Hypothesis

Ho: fo = fe The accreditation status of program and the student 
employment status are independent

Null hypothesis always asserts the variables are independent

H1: fo ≠ fe The accreditation status of program and the student 
employment status are dependent

Alternative hypothesis always contradicts to null hypothesis, and asserts 
the variables are dependent

13

Five-Step Model - Chi Square
Step 3: Select the Sampling Distribution and Establish the Critical 
Region

Sampling Distribution = Chi Square distribution (Appendix C)

Alpha = 0.05

Degree of freedom (df) = (Number of rows - 1)* (Number of colums-1) = 
(2-1)*(2-1)=1

(critical) = 3.841  

The score marks the beginning of the critical region

14

df 0.99 … 0.05 …

1 … … 3.841 …

2 … … 5.991 …

3 … … 7.815 …
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Five-Step Model - Chi Square
Step 4: Calculate the Test Statistic

Calculate (obtained) with the formula:

	∑

In the example of program accreditation status and student 
employment status, (obtained) = 10.78 

15

Five-Step Model - Chi Square
Step 5: Make a Decision and Interpret the Results of the Test

(critical) = 3.841

(obtained) = 10.78 

The obtained score falls in the critical region, so reject H0

There is a significant relationship between the two variables.

Report results:

At the significance level of 0.05, the obtained score falls in the 
critical region, so we reject H0. The data suggests there is a 
significant relationship between employment status and accreditation 
status in the population from which the sample was drawn.

16
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Interpreting Chi Square
Need to interpret chi square test results with the following 
understanding:

The chi square test tells us ONLY if the variables are independent or 
not

It does not tell us the pattern or nature of the relationship

To investigate the pattern, we need to compute the percentages 
within each column and compare across the columns

17

Interpreting Chi Square
Column percentage make the relationship between the two variables more 
obvious:

The students from accredited programs are more likely to be working as social 
workers.

55% of the students from accredited programs working as social works versus only 
22% of the students from non-accredited programs working as social workers

According to the test results, we know this relationship is significant. It doesn’t occur 
by chance.

18

Employment status
Accreditation Status

Accredited Not accredited

Working as a 
social worker 

30 (54.55%) 10 (22.22%) 40

Not working as a 
social worker

25 (45.55%) 35 (77.78%) 60

55 (100%) 45 (100%) 100

(30/55)*100%

(25/55)*100%

(10/45)*100%

(35/45)*100%
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Chi Square with SPSS
In practice, we usually don’t calculated a chi square by hand, and we rely on 
statistical software such as SPSS.

Now I will show you how to conduct a chi square test with SPSS and interpret the 
results

We want to examine the relationships between the education level and 
individuals’ tolerance toward Muslim clergy in U.S. society. 

Conduct “Crosstabs” procedure in SPSS (pg. 301@10th ed. OR pg. 298 @ 9th ed.)

Dataset: GSS2012_Student_B

[Analyze] → [Descriptive Statistics] → [Crosstabs]

Place dependent variables in the Row box

Place independent variables in the Column box

Click the Statistics button, select Chi-square

Click the Cells button, select column in the Percentage box

Proceed the analysis

19

Chi Square with SPSS
Dependent variable: Tolerance toward Muslim clergy (muslim_tol)

Independent variable: Education (educ_2)

Step 1: Meet requirements

Independent random sample

Level of measurement: nominal

Step 2: State Null hypothesis and alternative hypothesis 

Ho: fo = fe The tolerance toward Muslim clergy and the education 
level are independent

H1: fo ≠ fe The tolerance toward Muslim clergy and the education 
level are dependent

Step 3: Critical Region

α=0.05

20
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Chi Square with SPSS

Degree of freedom (df) = (R-1)*(C-1)=(3-1)*(2-1)=2

(obtained) = 61.472    

Test result: significance value = .000 < α=0.05

Reject H0

There is a significant relationship between the 
two variables.

21

Chi Square with SPSS
Interpret the result:

At the significance level of 0.05, the test of chi square is significant, 
so we reject H0. The data suggests there is a significant relationship 
between tolerance toward Muslim clergy and education level in the 
U.S society.

According to the column percentages, the citizens with lower 
education level are more likely to have a low tolerance toward 
Muslim clergy.

57.2% of  the individuals who received 0 to 12 years education have 
low tolerance toward Muslim clergy, versus 32.3% of those received 
13 years or more education.
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Limitation of Chi Square
Difficult to interpret when variables have many categories

Best when variables have four or fewer categories

With small sample size, cannot assume that Chi Square sampling 
distribution will be accurate

Small sample: High percentage of cells have expected frequencies 
of 5 or less

Like all tests of hypotheses, Chi Square is sensitive to sample size

As N increases, obtained Chi Square increases

With large samples, trivial relationships may be significant

23

After this lecture:
You should learn the following key concepts:

How to construct and interpret a crosstab table

The logic of chi square test

The condition in which conducting a chi square test is 
appropriate 

How to compute and test chi square manually and with 
SPSS

How to interpret the chi square test results

Limitation of chi square test

24
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Correlation

Healey. (2016) Statistics: A Tool for Social Research, Chapter 12 & 13 or 14

POLS 5377 Scope & Method of Political Science

Week 15 Measure of Association - 1

Key Questions:

What is the logic of measures of association?

How to compute a correlation for ordinal variables?

How to compute a correlation for interval variables? 

What are the limitations of correlation?

2
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Outline

Measures of Association

Ordinal Variables – Gamma (G)

Ordinal Variables – Spearman rho (rs)

Interval Variables – Pearson’s r (r)

Correlation vs Causation

3

Measures of Association

A measure of association
We say two variables are associated, when one variable 
changes as the other changes. 
If variables are associated, the score on one variable can 
be predicted from the score of the other variable.

When we identify the association between two 
variables, there are three questions to ask: 

Does the association exist? 

How strong is the association? 

What is the direction of the association?

4
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Measures of Association
We can present the relationship between two variables with 
a scatter plot

X-axis: Independent variable (IV)
Y-axis: Dependent variable (DV)

For example: the relationship between education level and 
income level

Education level: independent variable (X axis)
Income level: dependent variable (Y axis)

5

X axis

Y axis

Education Level (IV)

Income Level 
(DV)

Measures of Association

6

Associated Associated No Association

Does the 
association 
exist?

How strong is 
the association?

What is the 
direction of the 
association?

Weak Moderate Strong

NegativePositive



4

Measures of Association

Does the association exist? 
The change of one variable accompanies with the change of 
another.

How strong is the association? 
Measured by the distance of each case from the trend line. 

When the total distance is larger, the relationship is weaker. 

When the distance is smaller, the relationship is stronger.

What is the direction of the association?
Positive: when a variable increase, another variable increases.

Negative: when a variable increase, another variable decreases.

7

Measures of Association

Although scatter plots can effectively present the 
relationships between two variables, they are not precise.

Correlation is a measure of association

The calculation of Correlation Coefficient can help us 
measure the relationship between variables with precise 
statistical values.

Three measures of association:

Ordinal variables with a few categories: Gamma (G)

Ordinal variables with a broad range of scores: 
Spearman’s rho (rs)

Interval/ratio variables: Pearson’s r

8
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Ordinal Variables – Gamma (G)

When measure the association for ORDINAL variables that 
have a few categories: Gamma (G)

The statistic of Gamma (G) can tell us the strength of the 
association and the direction of association between two ordinal 
variables. 

Remember, in an ordinal variable, the categories can be 
ranked in sequence.

To measure the association of ranked variables, we ask: if 
a case ranks higher than another case on one variable, 
does it also rank higher on the other variable?

When a person A is ranked higher in education level than another 
person B, does A also rank higher on the income level than B?

9

Ordinal Variables – Gamma (G)

Example of Education Level vs. Income Level

When compare the case from top-left cell (Low/Low) to the case from 
lower-right cell (High/High), we will find the two cases ranked the 
same order on both variables. 

If we compare the person from top-right (High/Low) to the person 
from lower-left cell (Low/High), we will find the two cases ranked in 
different order. 

10

Income Level
Education Level

LOW HIGH Total

LOW 25 (52.1%) 20 (38.5%) 45

HIGH 23 (47.9%) 32 (61.5%) 55

Total 48 (100%) 52 (100%) 100
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Ordinal Variables – Gamma (G)

The statistic of Gamma is a computation based on the number of pairs 
have the same order (Ns) and the numbers of pairs ranked in different 
order (Nd)

Ns= the total number of pairs of cases ranked in the same order on 
both variables

Ns= the total number of pairs of cases ranked in different order on 
both variables

11

Ordinal Variables – Gamma (G)

In the example of education level and income level

Ns= (25)(32)=800 (# of paired cases ranked in the same order)

Nd= (20)(23)=460 (# of paired cases ranked in different order)

800 460
800 460

340
1260

.

12

Income Level
Education Level

LOW HIGH Total

LOW 25 (52.1%) 20 (38.5%) 45

HIGH 23 (47.9%) 32 (61.5%) 55

Total 48 (100%) 52 (100%) 100
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Ordinal Variables – Gamma (G)
Interpret Gamma

Direction of association: 

If there is a more pairs of cases ranked in the same order than in different 
order ( ), that means there is a positive relationship between the 
two variables.

“+” 0.27 indicates there is positive relationship between the two variable,
education level and income level.

Strength of association: 

if there is a big difference between Ns and Nd, that means the association 
is strong.

+“0.27” indicates the relationship between the two variable is weak

13

If the value is Strength of the relationship

Between 0.00 and 0.30 Weak

Between 0.31 and 0.60 Moderate

Greater than 0.60 Strong

Ordinal Variables – Spearman’s rho (rs)

When measure the association for ORDINAL variables that 
have a broad range of scores: Spearman’s rho (rs)

The statistic of Spearman’s rho (rs) can tell us the strength and the 
direction of association between two ordinal variables. 

Remember, in a ordinal variable, the categories can be 
ranked in sequence.

To measure the association of ranked variables, we ask: if 
a case ranks high on one variable, does the case also rank 
high on the other variable?

When a person A ranks high in jogging involvement, does A also 
ranks high on the self-esteem?

14
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Ordinal Variables – Spearman’s rho (rs)

Example: Jogging involvement vs self-esteem (Do joggers 
have an enhanced sense of self-esteem?)

15

Ordinal Variables – Spearman’s rho (rs)

Computing Spearman’s Rho
Step 1: rank cases from high to low on each variable

Step 2: use RANK, not the scores to calculate Rho (rs)

1
6∑

1

∑ = the sum of the differences in ranks, the quantity squared

N = number of cases 

16
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Ordinal Variables – Spearman’s rho (rs)

Step 1: rank cases from high to low on each variable

The highest score ranked as 1

If there are identical scores (Christy and Patsy), average the two 
ranks (7 and 8), and apply the average rank to the both cases. 

17

Difference between Rank1 and Rank 2

Ordinal Variables – Spearman’s rho 
(rs)

Computing Spearman’s Rho
According to the result from the last slide, ∑ =22.5

1
6∑

1

1
6 22.5

10 10 1
1

135
10 100 1

1 0.14 0.86

	 .

18
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Ordinal Variables – Spearman’s rho (rs)

Interpret Spearman’s Rho
Direction of association: 

When Rho (rs) is positive, there is a positive relationship between the two 
variables; When Rho (rs) is negative, there is negative relationship 
between the two variables. 

“+” 0.86 indicates there is positive relationship between jogging 
involvement and self-esteem. As jogging involvement rank increases, 
self-esteem rank also increases.

Strength of association: 

Rho (rs) ranges from 0 (no association) to ± 1 (perfect association)

+ “0.86” indicates the relationship between the two variable is strong

19

If the value is Strength of the relationship

Between 0.00 and 0.30 Weak

Between 0.31 and 0.60 Moderate

Greater than 0.60 Strong

Interval Variables – Pearson’s r (r)

When measure the association for INTERVAL variables: 
Pearson’s r (r)

Pearson’s r can indicate the strength and the direction of 
association between two ordinal variables. 

The logic of conducting Pearson’s r is to identify the 
distance between case’s scores and the means of the 
variables. 

∑

∑ ∑

X = independent variable; Y = dependent variable

20
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Interval Variables – Pearson’s r (r)

Example: Number of children vs. Husband housework contribution 
(When number of children increase, does husband’s contribution to 
housework increase?)

21

# of children

Average # of children 
( )=32/12=2.67

Husband’s contribution to 
housework (hours/week)

Average hours of 
contribution 

( )=40/12=3.33

Interval Variables – Pearson’s r (r)

Computing Pearson’s r (r)

∑

∑ ∑

18.32

26.68 50.68 	

18.32

1352.14

18.32
36.77

0.50

.
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Interval Variables – Pearson’s r (r)

Interpret Pearson’s r (r)
Direction of association: 

When Pearson’s r (r) is positive, there is a positive relationship between 
the two variables; When Pearson’s r (r) is negative, there is negative 
relationship between the two variables. 

“+” 0.50 indicates there is positive relationship between number of 
children and husband’s housework contribution. As number of children 
increases, husband’s contribution to housework also increases.

Strength of association: 

Pearson’s r (r) ranges from 0 (no association) to ± 1 (perfect association)

+ “0.50” indicates the relationship between the two variable is moderate

23

If the value is Strength of the relationship

Between 0.00 and 0.30 Weak

Between 0.31 and 0.60 Moderate

Greater than 0.60 Strong

Conducting Correlation within SPSS

Correlation and causation are not the same things
Mathematics test score and shoe size are associated, but it didn’t 
mean there is causality between the two variables.

Strong associations may be used as evidence of causal 
relationships but they do not prove variables are causally 
related

24
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After this lecture:
You should learn the following key concepts:

The logic of measures of association

How to compute a correlation for ordinal variables that 
with a few categories and with a broad range of scores. 

How to compute a correlation for interval variables. 

The limitation of correlations

25
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Correlation within SPSS

POLS 5377 Scope & Method of Political Science

Week 15 Measure of Association - 2

Key Questions:

How to compute and interpret the following measures in 
SPSS

Ordinal Variable – Gamma (G)

Ordinal Variables – Spearman’s rho (rs)

Interval Variables – Pearson’s r (r)

2



2

Outline

SPSS: Ordinal Variables – Gamma (G)

SPSS: Ordinal Variables – Spearman’s rho (rs)

SPSS: Interval Variables – Pearson’s r (r)

3

Conducting Correlation within SPSS

In real world, we often have to make inference with the 
data contains hundreds or thousands of cases. It is difficult 
to compute the measures of association without using a 
computer.

We will learn how to generate the statistic results of 
measures of association with SPSS and interpret the 
results

Ordinal variables with a few categories: Gamma (G)

Ordinal variables with a broad range of scores: Spearman’s rho (rs)

Interval/ratio variables: Pearson’s r

4
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SPSS: Ordinal Variable – Gamma (G)

When measure the association for ORDINAL variables that 
have a few categories: Gamma (G)

SPSS procedures
[Analyze] → [Descriptive Statistics] → [Crosstabs]

Place dependent variables in the Row box

Place independent variables in the Column box

Click the Statistics button, select Chi-square and Gamma

Click the Cells button, select column in the Percentage box

Proceed the analysis

5

SPSS: Ordinal Variable – Gamma (G)

Example: Is there an association between education level 
and attitude toward women working?

Dataset: GSS2010_POLS5377

DV (Row): attitude toward woman working (fefam)

IV (Column):Education Level (degree)

Step 1 Meet requirements: 

Ordinal variables with a few categories

Step 2 Null hypothesis 

H0: There is no relationship between education level and attitude 
toward women working

Step 3 Critical Region

α=0.05

6
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SPSS: Ordinal Variable – Gamma (G)

7

P value<0.05

Degree of freedom (df) = (R-1)*(C-1)=(5-1)*(4-1)=12
2(obtained) = 63.418    

Test result: significance value (p value) = .000 < α=0.05. Reject H0

Gamma= 0.296 indicates the relationship is positive and “weak to moderate”

SPSS: Ordinal Variable – Gamma (G)

Interpret the result:
At the significance level of 0.05, the test of chi square is significant (p 
value = 0.000 < 0.05), so we reject H0. The data suggests there is a 
significant relationship between education level and attitude toward 
women working.

According to the Gamma statistic, +0.296, the education level is 
positively associated with the attitude toward women working. The 
strength of the association is ranked as weak to moderate. The 
people with higher education level are more likely to support women 
working (more likely to disagree the statement of “it’s better for man 
to work, woman tend home”).

8

If the value is Strength of the relationship

Between 0.00 and 0.30 Weak

Between 0.31 and 0.60 Moderate

Greater than 0.60 Strong
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SPSS: Ordinal Variable – Spearman’s rho (rs)

When measure the association for ORDINAL variables that 
have a broad scores: Spearman’s rho

SPSS procedures
[Analyze] → [Correlate] → [Bivariate]

Place both dependent and independent variables in the Variables
box

Select Spearman in the box labeled “Correlation Coefficients” and 
uncheck Pearson.

Select between one-tailed and two-tailed test according to the 
research expectation

Proceed the analysis

9

SPSS: Ordinal Variable – Spearman’s rho (rs)

Example: Is there an association between family income 
and the frequency of attending religious services?

Dataset: GSS2010_POLS5377

Variables:

frequency of attending religious services (attend)

total family income (income06)

Step 1 Meet requirements: 

Ordinal variables with a broad range of scores

Step 2 Null hypothesis 

H0: There is no relationship between family income and the 
frequency of attending religious services 

Step 3 Critical Region

α=0.05  and Two-tailed

10
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SPSS: Ordinal Variable – Spearman’s rho (rs)

11

Significance of 
the test

P value >0.05

Test result: significance value (p value) = 0.583 > α=0.05. 

The relationship is not significant. We fail to reject H0 . The two variables are 
not associated.

Spearman rho = 0.015 indicates the relationship is positive and weak (No 
significant relationship anyways)

Spearman’s rho
Symmetrical 

matrix

A variable will always have a 
perfect correlation with itself

SPSS: Ordinal Variable – Spearman’s rho (rs)

Interpret the result:
At the significance level of 0.05, the p value of 0.574 indicates that 
we fail to reject H0. The data suggests there is no significant 
relationship between family income and the frequency of attending 
religious services.

According to the Spearman rho of 0.015 suggests that there is a 
very weak relationship between the family income and the frequency 
of attending religious services. 

12

If the value is Strength of the relationship

Between 0.00 and 0.30 Weak

Between 0.31 and 0.60 Moderate

Greater than 0.60 Strong
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SPSS: Interval Variables – Pearson’s r

When measure the association for INTERVAL variables: 
Pearson’s r

SPSS procedures
[Analyze] → [Correlate] → [Bivariate]

Place both dependent and independent variables in the Variables
box

Make sure Pearson  in the box labeled “Correlation Coefficients” is 
checked

Select between one-tailed and two-tailed test according to the 
research expectation

Proceed the analysis

13

SPSS: Interval Variables – Pearson’s r

Example: Is there an association between watching TV and 
being success?

Dataset: GSS2010_POLS5377

Variables: 

Hours per day watching TV (tvhours)

Total family income (income06)

Step 1 Meet requirements: 

Interval variables and a ordinal variable with a broad range of scores

Step 2 Null hypothesis 

H0: There is no relationship between watching TV and being success  

Step 3 Critical Region

α=0.05  and two-tailed

14
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SPSS: Interval Variables – Pearson’s r

15

Significance of 
the test

P value < 0.05

Test result: significance value (p value) = 0.000 < α=0.05. 

The relationship is significant. We reject H0 . The two variables are 
associated.

Pearson’s r = - 0.283 indicates the relationship is negative and weak to 
moderate

Pearson’s r
Symmetrical 

matrix

A variable will always have a 
perfect correlation with itself

SPSS: Interval Variables – Pearson’s r

Interpret the result:
At the significance level of 0.05, the p value of 0.000 suggests that 
the there is a significant relationship between two variables, we 
reject H0. The data suggests there is a significant relationship 
between family income and number of hours per day watching TV.

According to the Pearson’s r of -0.283 suggests that there is a 
negative relationship between the family income and the hours of 
per day watching TV, and the strength of the relationship is weak to 
moderate. 

The result suggests that people with higher family income level 
spend less time watching TV. However, it doesn’t mean people who 
spend many hours watching TV will cause lower family income. The 
correlation statistic only suggests there is a relationship, doesn’t 
suggest a causality between the two variables. 

16
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After this lecture:
You should learn the following key concepts:

Know how to conduct correlation procedures with SPSS 
and how to interpret results

17
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