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Why use statistics?1
Probability basics2

Probability in action3

Today’s discussion



“It’s easy to lie with statistics, but it’s hard to tell the truth without them.” 

— Andrejs Dunjels
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Why use statistics?21



What research question do I have? 

What argument do I want to make? 

What are the observable implications of my argument? 

Which descriptive and inferential statistics do I want to use?
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All research involves making choices.21



Neither the mean nor the median is hard to calculate. 

What is harder is deciding which one gives a more accurate measure of the middle observation in 
a particular situation. 

Median values are not sensitive to outliers.
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Mean vs. median21

Source: https://www.chicagotribune.com/dining/ct-food-replay-its-always-sunny-in-philadelphia-pop-up-20180228-story.html

Source: https://www.haaretz.com/israel-news/2018-03-19/ty-article/is-tesla-coming-to-israel-
elon-musk-appears-in-jerusalem-bar/0000017f-e5d1-dc7e-adff-f5fdd43d0000
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Median example—household income21

Source:https://www.abs.gov.au/statistics/economy/finance/household-income-and-wealth-australia/latest-release

mean: $2,329

median: $1,786



How does basic probabilities underly most political science research? 

Can we better understand probabilities through a few examples?

Today’s motivating questions
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1



Why should we care about probabilities?
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“Probability is the study of events and outcomes involving an 
element of uncertainty,” (Wheelan 2013: 71).

What is probability?
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Because most of the time political scientists are dealing with samples instead of 
populations. 

Probabilities help us determine which relationships are statistically significant. 

In other words, they are unlikely to occur by chance.

Why should we care about probability?
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1. Key probability properties 

2. Central limit theorem 

3. Standard normal distribution 

4. Confidence intervals 

5. Expected values

In this section
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1. All outcomes have a probability ranging from 0 to 1.

Probability’s key properties
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Sources: Kellstedt & Whitten (2018: 147) and Wheelan (2013: 76)



Probability’s key properties
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Sources:https://graziano-raulin.com/statistics/concepts/probability.htm



Probability’s key properties
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Sources:https://graziano-raulin.com/statistics/concepts/probability.htm



2. The sum of all possible outcomes must be exactly 1.

Probability’s key properties
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Sources: Kellstedt & Whitten (2018: 147) and Wheelan (2013: 76)

The sum of probabilities of rolling all possible die rolls is: 

p(1) + p(2) + p(3) + p(4) + p(5) + p(6) =1



Probability’s key properties
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Source: https://www.gigacalculator.com/calculators/dice-probability-calculator.php

https://www.gigacalculator.com/calculators/dice-probability-calculator.php


3. If (and only if) two outcomes are independent, then the probability of those events 
both occurring is equal to the product of them individually.

Probability’s key properties
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Sources: Kellstedt & Whitten (2018: 147) and Wheelan (2013: 76)

So if we want to know the probability of me rolling a 3 and Sajjad rolling a 6, then we 
multiply the probability of me rolling a 3 (0.167) and the probability of Sajjad rolling a 6 
(0.167) = 0.028.



4. The chance of either of two outcomes happening is the sum of their 
probabilities if the options are mutually exclusive. 

Probability’s key properties
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Sources: Kellstedt & Whitten (2018: 147) and Wheelan (2013: 76)

So the chance of either rolling a 3 or a 6 is =  p(3) + p(6)= 0.33. 



5. If the events are not mutually exclusive, the probability of getting A or B consists 
of the sum of their individual probabilities minus the probability of both events 
happening. 

Probability’s key properties
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Sources: Kellstedt & Whitten (2018: 147) and Wheelan (2013: 76)



1. Assuming events are independent when they are not (e.g., rain today and tomorrow). 

2. Assuming events are not independent when they are (e.g., hot streaks). 

3. Clusters do happen (e.g., getting struck by lightning). 

4. There is often reversion to the mean (e.g. doing well on an exam). 

5. Moving from aggregate statistics to predicting individual behaviour (e.g., profiling/ecological 
fallacy). 

6. Garbage in, garbage out (e.g., data quality). 

7. Analytical tools are moving faster than our knowledge of what to do with results (e.g. predictive AI, 
black swans).

Probability pitfalls
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Black swan events
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“Probability does not make mistakes,  
people using probability make mistakes.” 

 (Whitten 2013: 100)



Central limit theorem
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Source: https://miro.medium.com/v2/resize:fit:3796/format:png/1*AhMCbLVd5s82XV6M4KTK6A.png

https://miro.medium.com/v2/resize:fit:3796/format:png/1*AhMCbLVd5s82XV6M4KTK6A.png


Sample size has to be large (say greater than 30 observations). 

The sample mean will be distributed roughly as a normal distribution around the 
population mean.  

The sample standard deviation (a.k.a. standard error) will equal the population 
standard deviation over the square root of the number of sample observations.

Central limit theorem
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Key point: The sampling distribution is normally shaped even though the 
underlying frequency distribution is not normally shaped.

Central limit theorem
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Source: Kellstedt and Whitten (2018: 150)

The standard normal distribution
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The standard normal distribution’s properties
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It is symmetrical about the mean 

The median, mean, and mode are the same. 

It has a predictable area under the curve within a specific distance of the mean. 

Skewness and kurtosis are zero.



Standard deviation formula
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How are the standard deviation and standard error related?
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Important to note!
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A distribution of sample values is the frequency distribution, which does not have to 
be normal. 

However, because of the central limit theorem, the repeated sampling distribution 
mean will be naturally distributed, even if the underlying frequency is not. 



Confi
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To calculate the confidence interval you need four things 

The number of observations (n) 
The mean ( ) 
The standard deviation (s) 
The desired confidence level (let’s say 95%) you go to the Z table and find the Z(0.95) 
score, which is 1.96. 

  
 Then you plug these values into the following equation 

The s/sqrt(n) is the standard error.

X̄



Area under the standard normal distribution
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Confi

32

2

The lower bound of the confidence interval is the mean minus the margin of error (or two 
standard errors) of the mean,  

The upper bound is the mean plus the mean’s margin of error.



Confi
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In recent years a growing literature focuses on how and why some election processes are viewed as
having integrity while others lack it. Some scholars examine how a state's characteristics (e.g. its eco-
nomic development, the education levels of its citizens, and their experience with elections) shape the
voting process while others study how individual voters view the process and their role in it. The relative
importance of election dynamics themselves and the process of their evaluation, however, remain un-
clear. What stages of the election process are most important when people evaluate elections? We argue
that a better understanding of how election dynamics shape perceptions of election integrity is crucial
because theoretically this process is at the heart of democratic representation and because from a pol-
icymaking standpoint these dynamics vary more over time than individual and state-level factors. This
paper explains why certain parts of the election cycle are critical to determining how an election is
judgeddespecially the fairness of election laws and media access, the conduct of election authorities,
and the use of political violence. Empirical results using new data on 121 elections held in 109 countries
during 2013, 2014, and the first half of 2015 are supportive of our argument.

© 2017 Elsevier Ltd. All rights reserved.

Holding an election that is considered free and fair requires
addressing a number of factors that both precede (e.g. electoral
boundaries, candidate and party registration) and follow (e.g. vote
count, disputed results) election day, and both the academic and
policy literatures suggest that a comprehensive understanding of
an election's integrity requires considering the various stages of the
election cycle. Which aspects of the election cycle shape people's
judgments of how well an election was conducted? Given the
hundreds of millions of dollars spent annually conducting elections
around the world,1 it is surprising that the current literature has yet
to provide a clear answer to this question. This paper, therefore, is

our attempt to put forward a preliminary theoretical answer and an
evaluation of the evidence, which is drawn from 121 recent elec-
tions around the world.

The conceptual framework of the electoral cycle is well estab-
lished. Academics and election observers appraise elections by
considering various dimensions of the electoral cycle. They then
arrive at a qualitative, dichotomous conclusion summarizing an
election (1) as being fundamentally free and fair or not (Elklit and
Reynolds, 2005; Bishop and Hoeffler, 2014) or (2) through a
detailed observer report (Organization for Security and
Cooperation in Europe, 2012; Carter Center, 2015). Regardless of
the length of the assessment, however, both types of evaluation fail
to address a fundamental question: what parts of the election
process are most important for their judgments of an election's
integrity? In the first case, their limitation is straightforward: we
cannot disaggregate them because all conclusions are implicitly
aggregated into “free and fair”/“not free and fair” judgments. In the
second case, no explicit or decisive factors drive the assessment. By
contrast, in this paper we explain why certain parts of the election
cycle are crucial to determining how an election is judged, espe-
cially the extent to which election laws favor the incumbent, the
fairness of media access to candidates and parties, the use of po-
litical violence, and the impartiality of election officials.

We would like to thank Jørgen Elklit, Maria Cayetana Martinez, the editors, and
the anonymous reviewers for their helpful suggestions and comments. Previous
versions of this article were presented at the 2014 meeting of the Australian Society
for Quantitative Political Science, the 2015 meeting of the Midwest Political Science
Association Conference and at the 2015 Hanns Seidel Foundation Conference on
Electoral Integrity. Replication data and code are available at https://dataverse.
harvard.edu/dataverse/richardwfrank. All remaining errors are our own.
* Corresponding author.

E-mail addresses: richard.frank@anu.edu.au (R.W. Frank), f.martinezicoma@
griffith.edu.au (F. Martínez i Coma).

1 The 2006 Congolese election by itself cost over US$400 million dollars to hold
(Kadima, Leonard and Schmidt, 2009).
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0261-3794/© 2017 Elsevier Ltd. All rights reserved.
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Expected value [E(P)] of the Squid Game prize (~$49 million AUD). 

 E(P) = (prize)*(probability of winning) 

 E(P) = ($49,185,319.58)*(.002 [1/456]) 

 E(P) = $107,862

Probability & expected values
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Expected values matter.
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Expected value of this Thursday’s Powerball ($20 million AUD) is E(P). 

E(P) = (prize)*(probability of winning) 

E(P) = ($20,000,000.00)*(.00000000744 [1/134,490,400]) 

E(P) = $0.15

Expected value of this week’s Powerball

36

2



Probabilities involve uncertainty. 

Political scientists need estimates of uncertainty as we have sample data instead of 
population data. 

Probability theory comes with important assumptions, strengths, and weaknesses. 

It will be largely relevant to us when determining statistical significance.

Probability takeaways
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Probability in action
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Example # 1: The Voice public opinion surveys
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Source: Simon Jackman (https://simonjackman.github.io/poll_averaging_voice_2023/poll_averaging.html) 

https://simonjackman.github.io/poll_averaging_voice_2023/poll_averaging.html


Essential research poll example
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Source: https://essentialreport.com.au/tag/voice-to-parliament



Referendum sources of information
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Source: https://essentialreport.com.au/reports/05-september-2023

https://essentialreport.com.au/reports/05-september-2023


Essential Research poll
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Essential Research’s margin of error
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From margin of error to confi
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How can we connect our knowledge of probability to better understand polling results? 

By converting the polling results into measures of confidence that the population mean 
is within a certain range around the sample mean. 

The margin of error is half the width of the confidence interval. 

The confidence interval is thus twice the margin of error centred on the sample mean.



Essential Research confi
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So if the Sept 2023 poll suggests that 
48% no, 42% yes, 10% undecided with a 

3.1% margin of error…

Response Percentage Lower 95% 
bound Upper 95%

No 48 44.9 51.1

Yes 42 38.9 45.1

Undecided 10 6.9 13.1



If you are interested in polling research on the Voice
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Example #2: Detecting election fraud
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Example #2: Detecting election fraud
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Senegal’s elections in 2000 & 2007

50

23



   Important Week 7 terms3

51

Central limit theorem 
65-95-99 rule 
Normal distribution 
Sampling distribution 
Population distribution

Standard error of the mean 
Standard deviation 
Statistical inference 
Expected value 
Margin of error 
Confi



See you next week!
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https://www.siliconrepublic.com/careers/10-statistician-memes-to-celebrate-data-science-week


