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What is Statistics? 

• Statistics is used to summarize and analyze 
data

• Descriptive Statistics - summarizes data

• Inferential Statistics - makes predictions 
based on available data
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Data

• Consists of some number of variables (k) 
about some number of cases (n)
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Case

• Focus or subject of analysis

• Often people

• But can be anything

• Organizations, countries, schools, 
friendship ties, etc.
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Variables

• Characteristics about the cases relevant to 
our research question

• A person’s age, education, income

• An organization’s size, budget, location

• A nation’s GDP, population, economic 
development
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Data

• Often represented in a spreadsheet with 
cases as rows and variables as columns
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id age sex income educ

1 45 male 57 16

2 32 female 36 14

3 27 male 17 12

4 56 male 89 18

5 37 female 104 16

6 41 female 95 24
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Levels of Measurement

• Four levels:

• Nominal - categorical

• Ordinal - ordered categories

• Interval - continuous with no zero

• Ratio - continuous with zero
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Nominal

• Categorical, not ordered

• Gender (male, female, etc)

• Religion (Protestant, Catholic, Jewish, 
Muslim, Atheist)

• State of Residence
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Ordinal

• Categorical, Ordered

• Class (lower, working, middle, upper)

• Approval (strongly disapprove, disapprove, 
neither, approve, strongly approve)

• Rank (1st place, 2nd place, 3rd place)
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Interval

• Interval between numbers is meaningful

• But no meaningful zero

• Temperature

• Hours on a 12 hr clock

Monday, September 16, 13



Ratio

• Continuous variable

• Zero is meaningful - means there is nothing

• Age

• Years of education

• Income
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Descriptive Statistics

• Summarize Data

• Mean, Median, Mode

• Graphs and Figures

• Standard Deviation and Variance
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Measures of Central 
Tendency

• Mean, Median, and Mode

• Describes the center of the distribution of 
one variable for a number of cases

• What does a typical case look like?
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Mean

• AKA the average

• The sum of the observations divided by the 
total number of observations

ȳ =
y1 + y2 + y3 + . . .+ yn

n

ȳ =

P
y

n
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ȳ =
3 + 0 + 4 + 9 + 5 + 8 + 2 + 6 + 3 + 9

10

ȳ = 4.9
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Practice!

• You are a TA and the instructor has asked 
you to calculate the mean score for your 
students, which are below:

98 86 90 72 85 87 92 78 95 89 90 81
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98 86 90 72 85 87 92 78 95 89 90 81

n=12

ȳ =
98 + 86 + 90 + 72 + 85 + 87 + 92 + 78 + 95 + 89 + 90 + 81

12

ȳ = 86.92
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Mean

• Drawback

• Susceptible to unusually high or unusually 
low numbers
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Mean

• Say you are at a meeting with 30 people, 
who all make around $50K

• Chancellor Drake walks in ($400K)

• Now the average salary is $61K
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Median

• Middle number, when observations are 
sorted

• For odd number of cases, just the middle 
number

• For even number of cases, the average of 
the two middle numbers
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Practice!

• Now the instructor wants to know the 
median score for your students

98 86 90 72 85 87 92 78 95 89 90 81
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98 86 90 72 85 87 92 78 95 89 90 81

72 78 81 85 86 87 89 90 90 92 95 98

87 + 89

2
= 88
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Mean vs Median

• Mean Household Income: $32,195

• Median Household Income: $26,672
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Mode

• The observation that appears the most 
often
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Practice!

• What is the mode of the test scores?

98 86 90 72 85 87 92 78 95 89 90 81

Monday, September 16, 13



98 86 90 72 85 87 92 78 95 89 90 81

98 86 90 72 85 87 92 78 95 89 90 81

Mode: 90
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Graphs and Tables

• Graphs and tables are common tools used 
to describe data

• Can represent data visually
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Data

• General Social Survey, 1972-2010

• Respondent’s Religion
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Frequency Table

Frequency Percentage

Protestant 32,556 59.34

Catholic 13,482 24.57

Jewish 1,127 2.05

None 5,726 10.44

Other 1,970 3.59

Total 54,861 100
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Frequency Table

Frequency Percentage

Protestant 32,556 59.34

Catholic 13,482 24.57

Jewish 1,127 2.05

None 5,726 10.44

Other 1,970 3.59

Total 54,861 100

Frequency is the number 
of people who answered 

“Protestant”

Percentage is 
the frequency 
divided by the 

total
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Bar Chart
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Bar Chart
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number of respondents in 
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Pie Chart
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Pie Chart

4%
10%

2%

25% 59%

Protestant
Catholic
Jewish
None
Other

The size of the slice 
corresponds to the 
percentage of total 
respondents in the 

category
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Central Tendency

• Mean and Median tell us about the center 
of the distribution
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5 4 4 3 5 3

ȳ =
5 + 4 + 4 + 3 + 5 + 3

6
= 4

1 12 2 1 10 -2

ȳ =
1 + 12 + 2 + 1 + 10� 2

6
= 4
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Central Tendency

• So mean doesn’t tell us about how spread 
out the observations are
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Variance

• Tells us how spread out the data are

• Approximately the average of the squared 
deviations

s2 =

P
(yi � ȳ)2

n� 1
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Deviation

• How far away a single observation is from 
the average

yi � ȳ

Monday, September 16, 13



12 4 7 5 6 2

ȳ =
12 + 4 + 7 + 5 + 6 + 2

6
= 6

6 -2 1 -1 0 -4

What happens if we summed the deviations?

6� 2 + 1� 1 + 0� 4 = 0
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Summed Deviations

• Deviations from the mean always sum to 
zero

• So if we want a measure of the spread, we 
need to square them before we sum them
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12 4 7 5 6 2

6 -2 1 -1 0 -4

36 4 1 1 0 16

36 + 4 + 1 + 1 + 0 + 16 = 58
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Variance

• Now we divide by the number of 
observations minus one (for reasons we’ll 
talk about later)

58

6� 1
= 11.6
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Variance

s2 =

P
(yi � ȳ)2

n� 1

Monday, September 16, 13



Variance

• What are the units of variance?

• Original units squared

• So if we are measuring age in years, 
variance is in years2

• Solution: take the square root of variance
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Standard Deviation

• The positive square root of variance

s =
p
s2 =

rP
(yi � ȳ)2

n� 1
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Standard Deviation

• The positive square root of variance

s =
p
s2 =

rP
(yi � ȳ)2

n� 1

s =
p
11.6 = 3.41
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Practice!

• The instructor for the class you are TAing 
for now wants the standard deviation of 
the test scores

98 86 90 72 85 87 92 78 95 89 90 81
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98 86 90 72 85 87 92 78 95 89 90 81

11.1 -0.9 3.1 -14.9 -1.9 0.1 5.1 -8.9 8.1 2.1 3.1 -5.9

ȳ = 86.9

123.21 0.81 9.61 222.01 3.61 0.01 26.01 79.21 65.61 4.41 9.61 34.81

123.21 + 0.81 + 9.61 + 222.01 + 3.61 + 0.01 + 26.01 + 79.21 + 65.61 + 4.41 + 9.61 + 34.81 = 578.92

s2 =
578.92

12� 1
= 52.63

s =
p
s2 =

p
52.63 = 7.25
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Distributions
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Distribution

• A distribution describes how data are 
distributed across potential values

• We can graph this using histograms
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Normal Distribution

• The most common distribution in social 
science is the normal distribution

• Also called bell-shaped
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Normal Distribution

• Properties:

• Mean and median are the same

• 68.2% of observations are within 1 standard 
deviation of the mean

• 95.4% of observations are within 2 standard 
deviations of the mean

• 99.7% of observations are within 3 standard 
deviations of the mean
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Inferential Statistics

• Inferential Statistics involves making 
inferences about a population based on a 
sample of that population
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Populations and 
Samples

• Population - everything that qualifies as a 
potential case

• If you are studying US college students, 
population is ALL US college students

• Sample - those cases you collect data on

• Use samples to make inferences about 
the population
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Research Design

• When designing new research projects, 
defining your population, and constructing a 
valid sampling design, is crucial
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Population Statistics
• We use different symbols to distinguish 

population statistics from sample statistics

• Mean:

• Sample: 

• Population:

• Standard Deviation

• Sample:

• Population:

x̄

µ

s

�
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Standard Deviation

• The equation of sample and population 
means are the same, but the equations for 
standard deviation are slightly different

s =

rP
(x� x̄)2

n� 1

Sample Population

� =

rP
(x� µ)2

N
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Population Statistics

• In general, we call population statistics 
parameters. 

• Sample statistics are simple called 
statistics

• Parameters have one true value, but we 
rarely know what it is

• Statistics will have different values depending 
on the sample you take
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Sample Distribution

• Let’s say you are interested in a research 
question in which the population is all 
undergrads at UCI ~22,000 students

• Instead of interviewing all 22,000, you 
interview a sample of 100 students and ask 
about GPA
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Sample Distribution

• According to UCI’s website, the population 
mean GPA in Fall 2011 was 3.03

• You ask 100 students one day and your 
sample mean GPA was 2.96

• You ask 100 students the next day and your 
sample mean GPA was 3.05
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Sample Distribution

• The sample mean and standard deviation of 
your sample will depend on who you 
interviewed

• Samples have natural variability, and the 
sample statistics will reflect that variability.
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Sample Distribution

• There are lots and lots of possible samples 
of 100 students from 22,000 undergrads

• 1.5 X 10276 possible samples

• The sample statistics from all these samples 
produce a distribution of sample statistics

• This is the sample distribution
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Mean of Sample 
Distribution

µX̄ =

P
X̄

N
µX̄

X̄

N

mean of the sampling distribution

the sample mean

the number of samples

Monday, September 16, 13



Standard Error

• The standard deviation of the sampling 
distribution

�X̄ =

rP
(X � µX̄)2

N
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Central Limit Theorem

• If you take multiple samples of size n from a 
population and compute their mean, the 
distribution of the computed means will be 
normally distributed for large numbers of 
samples

�X̄ =
�p
n

µX̄ = µ
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Law of Large Numbers

• if n (the sample size) is large, the 
distribution of sample means will be 
approximately normally distributed

�X̄ =
�p
n

µX̄ = µ
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Sample Distribution

• These two theorems tell us that sampling 
distributions are normal
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Normal Distribution

• Also known as the bell curve

• Mean and median are the same

• Set proportion of observations within 
standard deviations of the mean

f(x) =
1

�

p
2⇡

e

� (x�µ)2

2�2
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Z scores

• Standardized values along a normal curve

• Essentially the ratio of an observation’s 
deviance score to the average deviance 
score (standard deviation)
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Z scores

Z =
x� µ

�

Z =
Xi � X̄

s

Population Sample
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Z scores

• Given a set of observations with mean 4.6 
and standard deviation 2.1, what is the Z 
score for an observation with value 3?
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X̄ = 4.6 s = 2.1 Xi = 3

Z =
Xi � X̄

s

Z =
3� 4.6

2.1

Z =
�1.6

2.1

Z = �0.76
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Practice!

• Given a normally distributed set of 
observations with mean of 45 and standard 
deviation of 10, what is the z score of a 
value of 62?
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X̄ = 45 s = 10 Xi = 62

Z =
Xi � X̄

s

Z =
62� 45

10

Z =
17

10

Z = 1.7

Monday, September 16, 13



Z scores

• Z scores are normally distributed with 
mean of 0 and standard deviation of 1

• We can use this to figure out the 
proportion of observations that fall above 
or below a certain point
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Use a Z Table

• Can’t calculate the area directly (unless you 
like calculus)

• Use Z tables, printed in the back of text 
books and available online

�(Z) =
1p
2⇡

Z Z

�1
e�

t2

2 dt
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P (Z  �0.76) = 0.2236
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Z scores

• To find the proportion above a number, we 
can subtract the proportion below from 1

P (Z � �0.76) = 1� 0.2236 = 0.7764
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Z scores

• Can also think of these values as 
probabilities

• Say you have a set of observations with 
some mean and standard deviation, what is 
the probability of picking a value greater 
than some number?
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Sample Question

• Given a set of normally distributed 
observations with mean of 25 and standard 
deviation of 5, what is the probability of 
randomly choosing a number less than 10?
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X̄ = 25 s = 5 Xi = 10

Z =
10� 25

5
=

�15

5
= �3

P (X  10) = P (Z  �3) = 0.0013

The probability of randomly selecting a 
number less than 10 is 0.0013 or 0.13%
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Inference

• Using this method, we can make inferences 
about a population using a random sample 
of the population
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Confidence Intervals
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Confidence Intervals

• When we take a sample, we can calculate 
the sample’s mean

• This is a point estimate of the population 
mean

• But what is the true population mean?

• Construct confidence intervals to estimate
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Confidence Intervals

• Contain a point estimate of the population 
mean, plus or minus some margin of error

• The size of the margin of error is 
determined by how confident we want to 
be
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Confidence Intervals
X̄ ± Z(�X̄)

But we don’t know the standard error, so we estimate it 
using the sample’s standard deviation

�X̄ =
sp
n

X̄ ± Z

✓
sp
n

◆
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Confidence Intervals

• So if we want to be 95% confident that the 
population mean lies within the confidence 
interval, we should use a Z score close to 2

• How do we figure out which Z we should 
use?
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What Z score corresponds with 0.0250 in the lower tail?

The Z score that corresponds with 
0.025 in the lower tail is -1.96.

This is the Z score we will use for a 
95% confidence interval
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Given the following statistics, construct a 95% confidence 
interval for the population mean

X̄ = 25 s = 10 n = 100

We can be 95% confidence that the population mean is 
between 23.04 and 26.96.

X̄ ± Z

✓
sp
n

◆

25± 1.96

✓
10p
10

◆

25± 1.96(1)

25± 1.96
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Confidence Intervals

• A 95% confidence interval means that 
there is a 5% chance that we are wrong

• This is sometimes referred to as our alpha

• Alpha is the chance of making a type 1 
error (more on these later)
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Confidence Intervals

• What if we wanted to be more certain? We 
wanted a lower alpha?

• We can construct a confidence interval 
with higher percentages - 99% for example
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0.005 lies somewhere between -2.58 and -2.57
We could use -2.575, or just -2.58
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Given the following statistics, construct a 95% confidence 
interval for the population mean

X̄ = 25 s = 10 n = 100

We can be 95% confidence that the population mean is 
between 22.42 and 27.58.

X̄ ± Z

✓
sp
n

◆

25± 2.58

✓
10p
10

◆

25± 2.58

Monday, September 16, 13



20 22 24 26 28 30

0.
0

0.
1

0.
2

0.
3

0.
4

x

hx

Monday, September 16, 13



Confidence Intervals

• Notice the confidence interval got bigger 
when we increased our confidence level

• Since we want there to be less chance of 
being wrong, our interval has to encompass 
more potential values  
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Practice!

• You interview 150 people and ask their 
age. The mean age was 45 with a standard 
deviation of 18. Construct a 95% 
confidence interval for the population 
mean age.
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X̄ = 45 s = 18 n = 150

45± 1.96(1.47)

45± 2.89

We are 95% confident that the population mean age is 
between 42.11 years and 47.89 years old.

X̄ ± Z

✓
sp
n

◆

45± 1.96

✓
18p
150

◆
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Sample Size
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Sample Size

• Notice that the sample size is included in 
the calculation of the standard error:

• So larger sample sizes will have smaller 
standard errors, and therefore narrower 
confidence intervals

�
x̄

=
�p
n
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n Z Confidence 
level

30 1.095 72.7%

50 1.414 84.3%

100 2 95.4%

500 4.472 99.99923%

If our confidence interval was fixed at 48 to 52, what 
would the corresponding Z scores and confidence levels be 

for increasing sample sizes? 
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Sample Size

• So larger sample sizes give you more 
statistical power - you can be more 
confident that the population mean is 
closer to your sample mean.
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Proportions
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Proportions

• So far we’ve been talking about sample and 
population means - when our variable is 
interval or ratio scale

• What about when our variable is 
categorical?
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Proportions

• What is the proportion of male-identified 
students in a classroom?

• What is the proportion of college graduates 
in a firm?

• Proportions can be treated like a mean

• In fact, if you code categorical variables as 
0/1, the mean of the variables is the 
proportion of the 1 category
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Proportions

• Today we are discussing proportions that 
results from Bernoulli trials

• Only two outcomes

• same probability for success

• each trial is independent of other trials
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Proportions

• Such trials produce binomial distributions

• For large enough n, binomial distributions 
approximate normal distributions

• n*p > 5 and n*(1-p) > 5
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Notation

� =
p
⇡(1� ⇡)

P (1) = ⇡

P (0) = 1� ⇡

⇡ =
X

N
=

successes

N

sample proportion = ⇡̂

Population 
Standard Deviation

Standard Error of the 
Sample Proportion

�⇡̂ =
�p
N

=

r
⇡(1� ⇡)

N
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Confidence Intervals

• We can calculate confidence intervals for a 
proportion just like we did with a mean

⇡̂ ± Z�⇡̂

⇡̂ ± Z

r
⇡̂(1� ⇡̂)

n
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Sample Problem

• You are interested in exercise habits of 
college students. You randomly sample 100 
UCI students and ask them if they go to 
the gym at least once a week. 74 students 
respond yes. Construct a 95% confidence 
interval for the proportion of UCI students 
who go to the gym regularly.
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n = 100 x = 74

⇡̂ =
74

100
= 0.74 � =

p
⇡̂(1� ⇡̂)

=
p
0.74(1� 0.74)

=
p
0.1924 = 0.4386⇡̂ ± Z�⇡̂

�⇡̂ =
�p
n
=

0.4386p
100

= 0.0439

0.74± 1.96(0.0439)

0.74± 0.086

We are 95% confident that the proportion of UCI students 
who exercise regularly is between 0.654 and 0.826
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Practice!

• A survey company randomly samples 500 
Americans and finds that 310 of them 
prefer cats to dogs. Construct a 95% 
confidence interval for the proportion of 
cat lovers in the US.
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n = 500 x = 310

⇡̂ =
310

500
= 0.62 � =

p
⇡̂(1� ⇡̂)

=
p
0.62(1� 0.62)

= 0.4854

�⇡̂ =
�p
n
=

0.4854p
500

= 0.0217

⇡̂ ± Z�⇡̂

0.62± 1.96(0.0217)

0.62± 0.0425

We are 95% confident that the proportion of cat lovers in 
the US is between 0.5775 and 0.6625
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Recap

• Inferential statistics lets us make inferences 
about a population based on a sample

• Populations have parameters, samples have 
statistics
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Recap

• Lots of possible samples from one 
population

• The distribution of sample statistics from 
all the possible samples of a population is 
called the sampling distribution
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Recap

µX̄ =

P
X̄

N

�X̄ =

rP
(X � µX̄)2

N

Sampling 
Distribution Mean

Standard Error
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Recap

• Z scores are standardized deviation scores

Z =
Xi � X̄

s
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Recap

• We can use the sampling distribution to 
construct confidence intervals for 
population means and proportions

X̄ ± Z(�X̄)

⇡̂ ± Z�⇡̂
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Student’s t-distribution
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Assumption of 
Normality

• So far we’ve been assuming that 
distributions are normal

• But sometimes we can’t assume that

• Notably, when our samples are small
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Small Samples

• Small samples tend to have more error - 
more likely for sample statistics to be 
different than population parameters

• So confidence intervals need to be wider 
to account for this additional error
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t-distribution

• The t-distribution is used when samples are 
small

• Has an additional assumption - that the 
population is normally distributed

• The exact shape of the distribution 
depends on your degrees of freedom
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Degrees of Freedom

• In general, degrees of freedom refer to the 
number of values in the final calculation of a 
statistic that are free to vary

• This is typically the number of observations 
minus the number of statistics or parameters 
calculated

• For one mean/proportion instances, like we are 
covering in this course, degrees of freedom is 
n-1

⌫
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t-distribution

• Notice that as degrees of freedom 
increases, the t-distribution becomes the 
normal distribution

• By n=30, t scores are approximately z 
scores
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Sample Problem

• You survey 5 people on the street and find 
that their mean income is $25,000 per 
year, with a standard deviation of $10,000. 
Construct a 95% confidence interval for 
the population mean income.
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⌫ = 5� 1 = 4
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n = 5 x̄ = 25000 s = 10000

t = 2.776

x̄± t�

x̄

x̄± t

✓
sp
n

◆

25000± 2.776

✓
10000p

5

◆

25000± 2.776(4472.14)

25000± 12414.65

We can be 95% confident that the population mean income 
is between $12,585.35 and $37,414.65 per year.
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Practice!

• You survey 8 faculty and discover their 
mean number of publications is 20 with a 
standard deviation of 5. Construct a 99% 
confidence interval for the population 
mean number of publications.
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n = 8 x̄ = 20 s = 5 t = 3.499

x̄± t�

x̄

x̄± t

✓
sp
n

◆

20± 3.499

✓
5p
8

◆

20± 3.499 (1.768)

20± 6.185

We can be 95% confident that the population mean 
number of publications is between 13.815 and 26.185 

publications.
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