
Hypothesis Testing



Hypothesis Testing

• Hypothesis testing is the standardized process of 
evaluating the legitimacy of your statistics


• Given that my mean is different from the mean reported 
by previous data, was this just by chance or is the old 
data incomplete?



Hypothesis Testing

• We can apply the math and logic of means, sampling 
distributions, and confidence intervals to evaluate our 
hypotheses


• We will start by considering a mean value, and comparing 
it to a known value



Steps

1. State the assumptions


2. State the hypothesis


3. Compute the test statistic


4. Find the p-value/critical region


5. State the decision and conclusion



1. Assumptions

• Data are independently random


• For tests of the mean with large samples:


• Normal sampling distribution


• For small samples:


• Population is normally distributed



1. Assumptions

• Before proceeding, consider whether there is any 
evidence that any of the assumptions are being violated


• Don’t need to prove the assumptions, but should pause 
to think before moving on



2. Hypotheses

• Construct two hypotheses:


• Null Hypothesis


• Alternative Hypothesis


• Set your confidence level (more on this later)



Null Hypothesis

• Typically has the form:


• Think of this as no effect or no change compared to some 
standard



Null Hypothesis

• Ex: Previous research suggests that after their last 
season, UCI students gave the Lakers an average rating 
of 2 out of 10.

H0 : μ = 2



Alternative Hypothesis

• For two-tailed test, typically has the form:


• For one-tailed test:


• This is your research hypothesis, that something has an 
effect or is different than would be expected



Alternative Hypothesis
• After talking with my friends, I don’t think this could 

possibly be correct.


• Two-tailed:


• One-tailed:


or

H0 : μ ≠ 2

H0 : μ > 2H0 : μ < 2



One vs Two Tailed

• Tests can either be one tailed or two tailed


• One tailed when you have an expectation about the 
direction of effect


• Two tailed when you have no expectation about the 
direction of effect


• One tailed tests are more powerful



Alternative Hypothesis

• I’m guessing the number of Lakers fans is much higher 
than 1,000 (one-tailed)


• I want to evaluate at 95% confidence (alpha=0.05)

HA : μ > 2



• The test statistic takes into account how far off our value 
is from the known (null) value


• It is also standardized, so that we can compare across 
different units/variables and use the normal distribution 
curve


3. Compute Test Statistic

standard error (                )

sample mean target/
expected value



3. Compute Test Statistic

• I collected some data, and in my sample of 36 
respondents, the mean rating was 3.5, with a standard 
deviation of 4 

t = 3.5 − 2
4/ 36

= 1.5
.667 = 2.25



4. P-value/critical region

• To evaluate this test-statistic against the known value, we 
first need to decide how accurate we want to be


• This is the alpha (think probability/area under the curve) 
and is related to a confidence level



Errors

• Two types of errors you can make:


• Type I - rejecting a true null hypotheses


• Type II - failing to reject a false null hypotheses


• As you decrease the chance of making one, you increase 
the chance of making the other



Type I Error

• The probability of making a type I error is also called the 
significance level


• Decided before doing the test


• Denoted by alpha (α)



Type II Error

• Denoted by beta (β)


• Inversely proportion to alpha - as alpha increases, beta 
decreases and vice versa



Alpha

• Protocol dictates that we evaluate our significance based 
on alpha (rather than beta)


• Common alphas: 0.01, 0.05, 0.001


• Can think of these probabilities as percentages, or area 
under the distribution curve


• Related to confidence levels

α = 1 − CL



α = 0.01 
CL = 99%

one-tailed (positive)two-tailed

0.5% 0.5% 1%



4. P-value / critical region

• Two paths exist for evaluating your data


• compare your p-value to the alpha


• compare your test statistic to the critical value (critical 
region)



P-value

• Path 1: calculate the p-value of the test statistic; compare 
to alpha

test statistic α
>

or

<

p-value



P-value

• What is the p-value? The probability of getting your test 
statistic, or more extreme, assuming the null hypothesis is 
true

What were the chances my sample mean was 3.5, given that it should have 
been 2? Out of all the total possible samples I could have chosen, how many 
were 3.5 (or greater)?



P-value

• How do you get it? Area under the normal distribution, 
based on your test statistic


• One-tailed: value from the table


• Two-tailed: multiply value from the table by 2



Say you had a test statistic of 
0.9 for a two-tailed test.


The red region represents the 
probability of finding a more 

extreme test statistic if the null 
were true

0.1841 0.1841

Two-tailed: 0.1841+0.1841 = 0.3682 = 36% chance

One-tailed: 0.1841=18% chance



P-value

• We can think of the p-value as the chance of making a 
type 1 error given the current data


• A small p-value means its really unlikely to find your test 
statistic if the null were true


• How small is too small? If your p-value is less than your 
alpha, it is more likely that the null (rather than your data) 
is false: you reject the null



P-value

• The test-statistic for my sample of UCI students was 2.25


• What are the chances of getting a rating of 3.5 (or more - 
positive one-tailed test) given our null rating of 2.5?



• From the Z-table, our test statistic corresponds with a 
proportion of 0.9878.


• This is the area under the curve below 2.5, but since our HA 
was one-tailed positive, we want the area above 2.5


P-value

1 − 0.9878 = 0.0122



• The chances of getting our test statistic assuming that the 
null is true is 1.22%


• Our chances of making a Type 1 error (falsely rejecting the 
null) given the current data is 1.22%

P-value



Critical Region

• Path 2: calculate the critical value that corresponds with 
the given alpha; compare to your test statistic

α test statistic
>

or

<

critical value



Critical Region

• A critical value is the standardized value (think: Z-score) 
that corresponds to a given alpha


• These can be found using the tables


• One-tailed: use α


• Two-tailed: use α / 2



2.33

99%

1%

α = 0.01, CL = 99%, one-tailed positive



Critical Region

• The critical region is the area under the distribution that is 
outside the critical value


• If our computed test statistic falls into this critical region, 
we reject the null hypothesis (also called the rejection 
region)


• We can think of the critical region as the region of 
incredulity - a value in this region leads us to believe the 
null is not true



Critical Region

• We set the alpha at 0.05 to begin with, all we need to do 
is look up the critical value that corresponds to this: 1.65



1.65

95%

5%

α = 0.05, CL = 95%, one-tailed positive



4. P-value / critical region

• Both paths will lead to the same conclusions


α

test statistic> or <

< or >

critical value

p-value



5. Decision & Conclusion

• Once we’ve finished step 4, it’s time to make a decision 
regarding our hypotheses


• Only two possible decisions:


• Reject the null in favor of the alternative


• Fail to reject the null


• Notice: we never accept the null - many plausible values 
for the population mean



Conclusion

• Just like we did with confidence intervals, we need to 
interpret our decision


• Brief sentence or two describing the results of the test



• Your sample value is close enough 
to what was previously known to 
be true


• If we assume the null is true, the 
probability of getting these values 
is not especially small.


• We do not have enough evidence 
to reject the null.

Path 1: α and p-value

• Your sample value is not very 
close to what was previously 
known to be true


• If we assume the null is true 
the probability of getting your 
values is very small.


• So small, we reject the null in 
favor of the alternative.

p-value < α ⇒ reject the null p-value > α ⇒ fail to reject the null



Path 1: α and p-value

• From our data, we calculated a p-value of 0.0122.


• Our previously chosen α was 0.05


• p < α ⇒ reject the null, in favor of the alternative


• There is enough evidence to suggest that UCI students 
rate the Lakers at 3.5, on average.



• Your sample value is close enough 
to what was previously known to 
be true


• Your test statistic is lesser in 
magnitude than the critical value, 
so it does not fall in the critical 
(rejection) region


• We do not have enough evidence 
to reject the null.

Path 2: Critical Value and 
Test Statistic

• Your sample value is not very 
close to what was previously 
known to be true


• Your test statistic is greater in 
magnitude than the critical 
value, placing it in the critical 
(rejection) region


• We reject the null in favor of 
the alternative.

|test stat| > |critical value| 
⇒ reject the null

|test stat| < |critical value| 
⇒ fail to reject the null



Path 2: Critical value and 
Test Statistic

• From our data, we calculated a test statistic of 2.25.


• From the α, we have a critical value of 1.65


• test statistic > critical value ⇒ reject the null, in favor of 
the alternative


• There is enough evidence to suggest that UCI students 
rate the Lakers at 3.5, on average.



Two Pathways

• The two pathways lead to the same conclusion - if our p-
value is less than α, it follows that our test statistic is 
inside the critical region, and vice versa


• So we only need to use one method


• Note that the decision directions are inverses of each 
other

α > p-value

Z < test statistic reject null⇒



Break



Sample Problems



Two-tailed Tests

• The example here was for a one-tailed test, but what if 
there were two tails?


• When getting critical value/test statistic, need to consider 
absolute value


• When getting p-values and alphas, need to take into 
account how table is set up



Practice!

Your friend claims that the average UCI undergrad owns 30 
non-textbook books. You don’t believe him and to prove him 
wrong, you survey 100 undergrads. In your sample, you find 
a mean of 25 and standard deviation of 5. Was your friend 
right?



1. Assumptions

• Independent Random Sample


• Normally distributed sample distribution



2. Hypotheses

• Null: the mean number of books is 30


• Alternative: the mean number of books is not 30


• Alpha = 0.05



3. Test Statistic



4. P-value

According to the table, our p-value is essentially 0



4. Critical Region

• Critical value for alpha = 0.05 on a two-tailed test is ±1.96


• Our test statistic is well outside the critical value, deep in 
the critical region





5. Conclusion

• Since our p-value is so low, and our test statistic is inside 
the critical region, we reject the null hypothesis in favor of 
the alternative hypothesis


• There is enough evidence to say that the mean number of 
books owned by UCI undergrads is not 30.



Practice!

You have a random sample of 50 adults and the time they 
spent reading the newspaper. The sample mean reading 
time is 15 minutes with a standard deviation of 4 minutes.


Using an alpha of 0.05, test whether the population mean is 
14 minutes.



1. Assumptions

• Independent random sample


• Normally distributed sample distribution



2. Hypotheses
• Null: mean time spent reading the newspaper is 14 

minutes


• Alternative: mean time spent reading the newspaper is 
not 14 minutes


• Alpha: 0.05



3. Test Statistic



4. P-value

(Two tailed test, so multiply by two)



4. Critical Region

• For alpha of 0.05 in a two tailed test, critical value is 1.96


• Our test statistic, 1.768 is less than the critical value, it 
does not lie in the critical region





5. Conclusion

• With a test statistic of 1.768 and a p-value of 0.0768, we 
fail to reject the null hypothesis that the mean time spent 
reading the newspaper is 14 minutes.


• 15 minutes is a plausible sample mean if the population 
mean is 14 minutes.



One-tailed tests

• One tailed tests assume a direction - that the population 
mean is either less than or greater than some parameter.


• Remember: with one-tailed tests, you don’t need to 
multiply the p-value from the table by two



Practice!

Your friend is now trying to claim that most college students 
start drinking when they are 18 years old. You think it’s 
higher. You sample 50 UCI students and ask when they 
started drinking. The average age was 18.8 with a standard 
deviation of 2.3. Who was correct? Use an alpha of 0.05



1. Assumptions

• Independent random sample


• Normal sampling distribution



2. Hypotheses

• Null: The average age when starting to drink is equal to 18


• Alternative: The average is is greater than 18


• Alpha: 0.05



3. Test Statistic



4. P-value

(This is a one-tailed test so we don’t need to double it)


p = 0.0069



4.Critical Region

• The critical value for alpha of 0.05 for a one tailed test is 
1.65


• Our test statistic is 2.46, larger than the critical value


• This means our test statistic lies within the critical region





5. Conclusion

• With a test statistic of 2.46 and a p-value of 0.0069, we 
reject the null hypothesis in favor of the alternative 
hypothesis.


• There is enough evidence to suggest that the mean age at 
which college students start drinking is greater than 18.



Practice!

Your friend now claims that the average cost of the cars that 
undergrads drive is $30,000. You think it is lower and to 
prove it you sample 15 undergrads and find an average car 
cost of $25,000 with a standard deviation of $15,000. Using 
an alpha of 0.05, test whether the average cost of an 
undergrad’s car is less than $30,000.



1. Assumptions

• Independent random sample


• Normal population distribution



2. Hypotheses

• Null: the average cost of an undergrad’s car is $30,000


• Alternative: the average cost of an undergrad’s car is less 
than $30,000



3. Test Statistic



4. P-Value

So our t statistic corresponds to a p-value greater than 0.1, but we don’t know 
exactly.



4. P-Value

• This is an instance where the critical region is easier



4. Critical Region



4. Critical Region

• So the critical value for a df = 14, alpha = 0.05, and a one 
tailed test is -1.761


• Our test statistic is -1.29, which is less than the critical 
value


• So our test statistic does not lie in the critical region





5. Conclusion

• With a test statistic of -1.29 and a critical value of -1.761, 
we fail to reject the null hypothesis.


• There is not enough evidence to conclude the average 
cost of an undergrad’s car is less than $30,000



CI’s and Hypothesis 
Testing



Confidence Intervals and 
Hypothesis Testing

• If you’ve been paying close attention, you may have 
noticed we use very similar procedures for confidence 
intervals and hypothesis testing


• In fact, 95% confidence intervals replicate two-tailed tests 
with alpha = 0.05



Confidence Intervals and 
Hypothesis Testing

• If the null value is within the 95% confidence interval, you 
will fail to reject the null in a two-tailed test at alpha = 0.05


• If the null value is outside the 95% confidence interval, 
you will reject the null







Practice!

You are working at a publisher and someone claims the 
books you publish contain 5 typos on average. You carefully 
check 30 books and find an average of 6.2 typos with a 
standard deviation of 3.1. Was the initial claim correct? Use 
an alpha of 0.05 and a two-tailed test.



1. Assumptions

• Independent random sample


• Population is normally distributed



2. Hypotheses

• Null: the mean number of typos in your books is 5


• Alternative: the mean number of typos is not 5



3. Test Statistic



4. Critical Region



4. Critical Region

• For a two tailed test with alpha of 0.05 and df = 29, the 
critical value is 2.045


• Our test statistic is 2.12, which is more extreme than the 
critical value


• Thus, our test statistic lies within the critical region





5. Decision

• With a test statistic of 2.12 compared to a critical value of 
2.045, we reject the null in favor of the alternative.


• We have enough evidence to claim that the average 
number typos in your books is not 5.



Confidence Interval

• What are plausible values for the average number of 
typos in your books?



We are 95% confident that the average number of typos in books your 
company publishes is between 5.084 and 7.316 typos per book



Break


