
Inferential Statistics

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



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


• 50 UCI student participants


• Use samples to make inferences about the population



Research Design

• When designing new research projects, defining your 
population, and constructing a valid sampling design, is 
crucial



Populations and Samples
• We use different symbols to distinguish population statistics from 

sample statistics


• Mean:


• Sample: 


• Population:


• Standard Deviation


• Sample:


• Population:



Populations and Samples

• The equation of sample and population means are the same


• But the equations for standard deviation are slightly different


SamplePopulation

Population

μ = ∑ xi

N
x̄ = ∑ xi

n

Sample



Populations and Samples

• In general, we call population statistics parameters. 


• Sample statistics are simply called statistics


• Parameters have one true value, but we rarely know what 
it is (can’t collect data)


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



Distributions
• When doing inferential statistics, we can consider three 

things:


• How individual cases are distributed within a 
population (don’t usually know this)


• How individual cases are distributed within our sample 
(not as useful)


• How multiple samples of a population are distributed 
within that population (most useful)



Distributions
Snapchats Sent Frequency

Relative 
Frequency

Cumulative 
Frequency

Cumulative 
Relative 

Frequency

0 4 0.133 4 0.133

1 3 0.100 7 0.233

2 6 0.200 13 0.433

3 1 0.033 14 0.467

4 4 0.133 22 0.600

5 7 0.233 26 0.833

6 2 0.067 28 0.900

7 3 0.100 30 1.000

30 1.000
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Snapchats 
Sent (x)

Frequency Freq*x x-μ (x-μ)2 Freq*(x-μ)2

0 4 0 -3.4 11.56 46.24

1 3 3 -2.4 5.76 17.28

2 6 12 -1.4 1.96 11.76

3 1 3 -0.4 0.16 0.16

4 4 16 0.6 0.36 1.44

5 7 35 1.6 2.56 17.92

6 2 12 2.6 6.76 13.52

7 3 21 3.6 12.96 38.88

30 102 147.20

3.4 4.91

2.22

N

μ = ∑ xi × freq(xi)
N

sum of squares

Population Parameters

σ2 = ∑ (xi − μ)2 × freq(xi)
N

σ = ∑ (xi − μ)2 × freq(xi)
N
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Snapchats 
Sent (x)

Frequency Freq*x x-x̅ (x-x̅)2 Freq*(x-x̅)2

0 1 0 -4.0 16.00 16.00

1 2 2 -3.0 9.00 18.00

2 2 4 -2.0 4.00 8.00

3 1 3 -1.0 1.00 1.00

4 1 4 0.0 0.00 0.00

5 4 20 1.0 1.00 4.00

6 1 6 2.0 4.00 4.00

7 3 21 3.0 9.00 27.00

15 60 78.00

4 5.57

2.36

n sum of squares

Sample Statistics

x̄ = ∑ xi × freq(xi)
n

s = ∑ (xi − x̄ )2 × freq(xi)
n − 1

s2 = ∑ (xi − x̄ )2 × freq(xi)
n − 1
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Sample Statistics

x̅ = 4

x̅ + σ = 6.36x̅ - s = 1.64
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Distributions

• What happens when we take several samples from a 
population?



Sampling Distribution

• Distribution of means from multiple samples within a 
single population


• We can apply the same math/logic for calculating mean 
and standard deviation that we did before; we are just 
doing it for multiple samples rather than multiple cases



Sampling 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



Sampling Distribution

• Say that according to UCI’s website, the population mean 
GPA in Fall 2016 was 3.00


• You ask 100 students one day and your sample mean 
GPA was 2.93


• You ask 100 students the next day and your sample mean 
GPA was 3.02



Sampling 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.



Sampling Distribution

• There are lots and lots (1.5 X 10276) of possible samples of 
100 students from 22,000 undergrads


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


• This is the Sampling Distribution
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Sampling Distribution
• The mean of the sampling distribution is calculated the same 

way as our previous means: by adding up all the sample 
means and dividing by the number of samples


mean of the sampling distribution

the sample means

the number of samples

μx̄ = ∑ x̄i

N



Standard Error

• of the mean of the sampling distribution


standard error
sample 

standard deviation

sample size

σx̄ = s
n



Sampling Distribution

• In order to perform the statistics we are familiar with, our 
sampling distributions must be (or are assumed to be) 
normal


• Two theorems tell us that large sampling distributions are 
normal


• Later, we’ll talk about sampling distributions that aren’t 
normal (the t-distribution)



Law of Large Numbers

• As n (the sample size) increases, the sample mean will 
approach the population mean



Central Limit Theorem
• If you take samples of size n from a population and 

compute their means, these means will be normally 
distributed for large n 

• This distribution will be centered around mean μ with 
standard error
σ / n



Sampling Distribution

• Population: all UCI undergrads


• Sample: 30 undergrads chosen randomly when walking 
across campus


• Sampling distribution: mean GPAs for each sample of 30 
that we took



Normal Distribution

• Given its utility, the normal (bell-shaped) distribution is the 
most common distribution in social science


• Standard deviation (or error) tracks how far individual 
cases (or samples) are from the center of a distribution


• For a normal distribution, a set proportion of observations 
fall within certain known deviations from the mean



Normal Distribution
• Properties:


• Mean and median are the same (the distribution is 
symmetrical)


• 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











Normal Distribution

• This information is useful for determining where a single 
individual (or sample) falls within its distribution


• Since the normal distribution will be used for a wide range 
of variables with different values, it is also useful to 
transform these values into a standard metric

1 in = 2.54 cm 7 in = 17.78 cm



Z scores



Z scores

• Universal system of comparison


• Represent standardized values along a normal curve


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


• A normal distribution with a mean of 0 and standard 
deviation of 1 is called a standard normal distribution



Z scores

(unitless)



Z scores

sample mean

sample standard deviation

individual observation



Practice!
Given a normally distributed set of observations with mean 
4.6 and standard deviation 2.1, what is the Z score for a 
single observation with value 3? (How far away is it from the 
mean?)






Practice!
Given a normally distributed set of observations with mean 
45 and standard deviation 10, what is the z score for a 
single observation of 62? (How far away is this observation 
from the mean?)






Z scores and Probability

• From our data and standardization (calculating the Z 
score) we know a little more about where a given sample 
mean falls within a distribution of sample means


• The question social scientists then ask is, how likely was 
this sample mean given what we know about the 
population?


• From answers to these questions we can make more 
concrete, precise statements about our data



Probability

• Probabilities represent the chances of picking a certain 
outcome (event) given what we know about all the 
possible outcomes (event space)


• I have 10 M&Ms. 2 are blue, 3 are red, 5 are yellow. What 
are the chances of me randomly picking a blue to eat?



Probability

• In the case of social statistics, we want the chance of 
picking a certain outcome (our sample) given what we 
know about all the possible outcomes (the population)



Probability

• The mean number of cats owned by my sample of 
graduate students is 5. If previous data suggests that 
graduate students own an average of 1 cat each, what 
does this suggest about my sample?


• 5 is larger than 1, but only by a little bit, so the previous 
data is probably correct


• What? No. 5 cats take up much more space than 1 cat. 
The previous data needs to be updated.



Probability

• What are the chances that my sample just randomly had 
a lot of cat lovers in it?


• AKA What is the probability that this sample is correct 
given what we know about the population?


• To answer this question, we need to think about how we 
quantify our total population



Z scores and Probability
• Area under the distribution curve gives us the “total” out 

of which we are pulling our sample
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Z scores and Probability
• Thanks to calculus and the central limit theorem, we have 

ways of calculating this total population




Z scores and Probability

• We can figure out what the probability would be of 
selecting a sample at random and having it fall in a certain 
part of the distribution


• This is the ratio of the number of observations that fall 
above or below our sample to total number of 
observations


• Using Z scores (means and standard deviations) and their 
related proportions makes this (relatively) easier





Use a Z Table

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


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







22.36%



Z scores

• Because the area under the curve by definition makes up 
100% of the samples, knowing the proportion of one part 
of the curve gives us the other


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




77.64%



Sample Question

• I’ve collected data on the number of hours spent playing 
video games in the past week. My sample is normally 
distributed, has a mean of 25 and a standard deviation of 
5. I randomly pick a single respondent and they’ve only 
spent 10 hours playing. What were the chances that I 
chose someone with this response?



P(X≤10) = ?



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



• http://www.intmath.com/counting-probability/normal-
distribution-graph-interactive.php

http://www.intmath.com/counting-probability/normal-distribution-graph-interactive.php
http://www.intmath.com/counting-probability/normal-distribution-graph-interactive.php


Z Scores

• Z-scores are also useful when trying to find specific 
percentiles


• We’ve talked about the probability of selecting values 
above and below a certain threshold


• We can also think of these thresholds as percentiles, as 
they represent a certain percentage of respondents that 
fall under a specific section of the curve



16% 16%

The 16th percentile The 84th percentile



Z Scores

• One common percentile we’ve already talked about is the 
median a.k.a. the 50th percentile


• The 25th and 75th percentiles are also called quartiles


• We can calculate the percentiles of a given sample with 
important pieces of information, like mean and standard 
deviation



Practice!
• Assume weekly hours worked by employees are normally 

distributed with a mean of 36 and a standard deviation of 
4. 


• (a) Calculate the 16th percentile of hours worked


• (b) Calculate the 97.5th percentile of hours worked


P(X ≤ .975) Z = 1.96 X = 36+4(1.96)=43.84

P(X ≤ .16) Z = -1.00 X = 36+4(-1)=32



Worksheet & Break




