
Inferential Statistics

• We can make inferences about a population using a 
random sample of the population


• One way checking the accuracy of our inferences is to 
calculate confidence intervals



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?



Confidence Intervals

• Confidence intervals tell us how accurate our sample 
mean is


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


• The size of the margin of error that we are willing to 
accept (alpha) is determined ahead of time



Confidence Intervals

Source: Kane, Morgan, Harris, and Guilkey (2013)



Confidence Intervals

• So if we want to construct a 95% confidence interval, this 
means we are risking a 5% chance that we are wrong


• There is a 5% chance that the population mean lies 
outside of the constructed CI


• This could be either above or below our CI







Confidence Intervals

• To construct the confidence interval, we calculate the 
margin of error:


sample mean
standard error of the 
sampling distribution

confidence level

x̄ ± Z (σx̄)



Confidence Intervals

• Remember that for the standard error of the mean (of the 
sampling distribution) we take into account the population 
standard deviation as well as the sample size


σx̄ = s
n

x̄ ± Z ( s
n )



Confidence Intervals

• Our Z score comes from how confident we want to be


• The more confident we want to be, the larger the 
margin of error, and the larger the Z score magnitude


• If we want to be 95% confident…





Confidence Intervals

• …we should use a Z score close to 2


• How do we figure out which Z we should use?





If we want a 95% confidence interval, we will leave 5% 
outside, so each tail will have 2.5% or 0.0250



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



Practice!
Given the following statistics, construct a 95% confidence interval for the 
population mean


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



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)



Confidence Intervals

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


• We can construct a confidence interval with higher 
percentages: 99% for example



0.01

0.005 0.005



0.005 lies somewhere between -2.58 and -2.57 
We could use -2.575, or just -2.58



Practice!
Given the following statistics, construct a 99% confidence interval for the 
population mean


We can be 99% confidence that the population mean is between 22.42 and 27.58.



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  



Sample Size

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


• Larger sample sizes will have smaller standard errors, and 
therefore narrower confidence intervals (better results)

σx̄ = s
n





If our confidence interval was fixed to be between 48 to 52, what 
would the corresponding Z scores and confidence levels be for 
increasing sample sizes? 



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 to be between 48 to 52, what 
would the corresponding Z scores and confidence levels be for 
increasing sample sizes? 



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.


• Just as indicated by the CLT and Law of Large Numbers, 
we want the largest sample size possible



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.


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



Practice!

Now construct an 80% confidence interval for the 
population mean age.





We are 80% confident that the population mean age is between 
43.12 years and 46.88 years old.



Practice!

Now construct a 95% confidence interval for the population 
mean age, with a sample size of 36

n = 36



We are 95% confident that the population mean age is between 39.12 years and 50.88 
years old.

n = 36



Student’s t-
distribution

(for non-normal sample distributions)



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



Small Samples

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


• Confidence intervals need to be wider to account for this 
additional error



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



source: http://www.mathcaptain.com/statistics/t-distribution.html

http://www.mathcaptain.com/statistics/t-distribution.html


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



As the df increase, the sample size is increasing, and we approach normality

By n=30, t scores are approximately z scores



t-distribution

• Like Z scores, we can look up t-statistics in a table (still 
reflecting area under the curve)


• These can then be used to calculate confidence intervals 
as we did before





Practice!

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.





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



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.





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



Worksheet & Break





Proportions and 
Binomial Distributions

(for categorical variables)



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?


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



Proportions

• Statistically, 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



Proportions

• The simplest proportions result from Bernoulli trials (like 
flipping a coin)


• Only two outcomes


• Same probability of success at each trial


• Each trial is independent of other trials



Proportions

• Such trials produce binomial distributions


• For large enough n, binomial distributions approximate 
normal distributions


• Centered around the probability of success


• Large enough means: n*p > 5 and n*(1-p) > 5



Proportions
Number of heads and tails in 

100 flips
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Notation
• Success = having a “1” on your variable


• E.g. throwing heads


• Failure = having a “0” on your variable


• E.g. throwing “not-heads”, or tails


• Number of successes + Number of failures = Total trials


• Probability of success + Probability of failure = 100%



Notation

Probability of success:

Probability of failure:

Sample proportion:

̂π = x
n

Number of successes

Total number of trials



Notation

Standard deviation for 
a proportion

Standard error for a 
proportion σ ̂π = σ

n
= ̂π (1 − ̂π)

n



Confidence Intervals

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




Practice!

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.



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



Practice!

In a sample of iPhones (n=150), you find that 45 of them are 
the latest generation, iPhone 7. Construct a 95% confidence 
interval for the population proportion of iPhone 7.



We can be 95% confident that the population proportion of iPhone 7 is between 
0.227 and 0.373

x = 45 n = 150

̂π = 45
150 = 0.3

0.3 ± 1.96 ( 0.3 (1 − 0.3)
150 )

0.3 ± 1.96 ( 0.21
150 )

0.3 ± 0.073

0.3 ± 1.96 (0.0374)



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.



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



Worksheet & Break


