
ONE SAMPLE/PAIRED T-INTERVAL 
A local restaurant is trying to determine if they can raise their prices by looking at the incomes of the people in 

the community.  They chose 7 people at random from the community and found their incomes, which are listed 

below. 

 30,000  34,000  42,000  50,000  55,000  60,000  60,000 

 Construct and interpret a 99% confidence interval for the average salary of all residents in the community 

Know how to state your procedure and check the conditions for a one sample t-interval (13, 1b) 

 We are doing a one-sample t-interval  𝐶𝐼 = �̅� ± 𝑡∗ ∙
𝑠

√𝑛
 

 The conditions are  

1) Random Sample”they chose 7 people at random” 

2) Normal DistributionWe can’t use CLT, because 7 < 30.  So, we would graph the distribution, and 

make sure that it did not deviate extremely from normal.  Then we would claim, “appropriate to 

proceed.”  (Note: You actually have to create a graph.  I did not do that in this example.) 

3) Independent Observations  7 is less than 10% of people in the community 

Know how to calculate a confidence interval for a one sample t-interval, (13, 1b; 11b, 6d; 04, 6a; M2, 8) 

 𝐶𝐼 = 47285.71 ± 3.707 ∙
12202.65

√7
= (30186,64385) 

Know how to interpret the confidence interval for a one sample t-interval, (13, 1b; 04, 6a) 

 We are 99% confident that the average salary of people in this community is between $30186 and $64385 

THE THREE STEPS LISTED ABOVE ARE WHAT SHOULD BE DONE ON EVERY CONFIDENCE INTERVAL TO 

GET FULL CREDIT 

 

  



More on Confidence Intervals Part 1 
What exactly is a confidence interval?  How do I use it to argue for or against a claim (e.g. Based on your confidence interval is 

there evidence that boys are smarter than girls?)? (11b, 5a; 10, 3b;10b, 6d; 03, 6b) 

 Using the restaurant example on the previous page, is there evidence that the average salary is $65000? 

No, because $65000 is not one of the choices in our confidence interval.  It is unlikely that the average salary of the 

community is $65000 

If I need to have a certain margin of error, how do I establish how many observations to make? (11b, 5b; 10, 3c; 08b, 3a; 05, 5b; 

03b, 6b; M2, 26)—635, 671 

Let’s say that the people at our restaurant on the previous page didn’t like that our confidence interval had such a large 

margin of error.  Assuming that the population standard deviation is σ = $12000, how many people would then need to 

survey to reach a margin of error of at most $8000? 

  𝑚 = 𝑧∗ ∙
𝝈

√𝒏
 --> 𝟖𝟎𝟎𝟎 ≥ 𝟐. 𝟓𝟕𝟔

𝟏𝟐𝟎𝟎𝟎

√𝒏
 -->  n ≥ 14.93 

They would need to survey at least 15 people.  Note: You always round up, even if it was 14.1, because 14 is not enough 

people to get the margin of error that you want 

Know how to interpret a confidence level (i.e.  What does it mean to be 95% confident)? (10, 3a; 03b, 6a; M2, 37) 

Using the restaurant situation we would say, “If many samples were taken from this community and many confidence 

intervals were created, 99% of those intervals would contain the true average salary of everyone in the community.”  

(Note: This interpretation applies to all confidence levels) 

Know how changing the sample size affects the margin of error, (M7, 30) 

The more samples that you collect, the smaller your margin of error is.  This makes sense, because if you take more 

observations, you should be getting a better estimate of the true average.  (Note: This applies to all confidence intervals) 

Know what happens to a confidence interval and the margin of error if you increase the confidence level, (M2, 13) 

The more confident you are, the wider your confidence interval will become.  In order to be extremely confident, you have 

to have a large margin of error.  I am 100% confident that you will get a between a 1 and 5 on the AP exam.  I am only 60% 

confident that you will get between a 3 and a 4.  (Note: This applies to all confidence intervals) 

Know when to do a t-test/interval instead of a z-test/interval, (M7, 25; M2, 33) 

 You do a t-test or interval when you do not know the population standard deviation.  In other words… 

   s  t  σ  z    Note: knowing σ is very unlikely.  You will almost always do a t-interval 

Know what a t-distribution is and how it is similar and different to a normal distribution, (M2, 18) 

A t distribution is very similar to a normal distribution, except it has more area in the tails.  So in a normal distribution going 

two standard deviations covers 95% of the data.  In a t-distribution you would have to go more than 2 standard deviations 

to get 95% of the data. 

 

  



TWO SAMPLE T-INTERVAL 
In a certain large city, the mayor wants to know the difference in math scores between males and females.  To measure this, a random 

sample of students were chosen to take the same test, and the results are shown below. 

   Males    Females 

   �̅� = 35    �̅� = 40 

   s = 5    s = 7 

   n = 40    n = 50 

Create and interpret a 90% confidence interval for the average difference in math scores between male and female 12th graders in this 

city. 

Know how to state your procedure and the check conditions for a two sample t-test/interval (11, 4; 12, 3b; 10, 5;09, 4a;08, 6a; 08b, 1b; 07b, 5; 

06, 4; 05, 6a; 04b, 4a; 04b, 5c)—782 

 Two sample t-interval   𝐶𝐼 = (�̅�𝑚 − �̅�𝑓) ± 𝑡∗√𝑠𝑚
2

𝑛𝑚
+

𝑠𝑓
2

𝑛𝑚
 

 We need to verify that we have two independent samples and that both groups are normally distributed 

1) Random/Independent  The males and females were two independent random samples 

2) Normal  Since both samples are larger than 30, the sampling distribution of sample means for both groups 

should be approximately normal by Central Limit Theorem 

3) Independents  Both groups are less than 10% of their respective populations 

Know how to calculate a confidence interval comparing two sample means, (09, 4a; 06, 4; 05, 6a; 04b, 4a)—788 

  𝐶𝐼 = (35 − 40) ± 𝑡∗√
𝟓𝟐

𝟒𝟎
+

𝟕𝟐

𝟓𝟎
= (−𝟕. 𝟏𝟎𝟔, −𝟐. 𝟖𝟗𝟒)  with df = 86.98 

Know how to write a conclusion in context for a two sample/proportion t/z interval (09, 4a; 09, 5b; 06, 4; 06b, 2a; 05, 6a; 04b, 4a) 

We are 90% confident that the average difference in math scores for male and female 12th graders (M – F) in this city is between -7.106 

and -2.894 points. 

 

THE THREE STEPS LISTED ABOVE ARE WHAT SHOULD BE DONE ON EVERY CONFIDENCE INTERVAL TO GET FULL CREDIT 

Know how to use a confidence interval to determine if there is evidence that there is a difference between two populations, (09, 4b; 07, 1c; 06, 

4; 06b, 2b, 05b, 4b) 

For the example above, is there evidence that there is a difference between average male and female test scores? 

Yes, because our interval does not include 0.  0 would imply that there is no difference.  In fact, since both numbers are 

negative and our confidence is 90%, we would reject the null hypothesis that they had the same means in favor of the two-

sided alternative at the 𝛼 = 0.10.  Thus, we have evidence that females have a higher average than males. 

Note: You should link your conclusion to 0 and to the confidence level or to the two sided alternative test 

  



ONE PROPORTION Z-INTERVAL 
During a flu vaccine shortage in the United States, it was believed that 45 percent of vaccine-eligible people 

received flu vaccine. The results of a survey given to a random sample of 2,350 vaccine-eligible people indicated 

that 978 of the 2,350 people had received flu vaccine. 

 

Construct and interpret a 99 percent confidence interval for the proportion of vaccine-eligible people who had 

received flu vaccine.  

 

Know the conditions for a 1-proportion z interval, specifically how to check normality, (11b, 5b; 10b, 4a; 03, 6b; 03b, 

6a; M7, 21) 

We are going to do a 1 proportion z-interval.  In order to proceed we must verify that data was taken at random, 

and that a normal approximation is appropriate. 

  Random ”A random sample of 2350 vaccine-eligible people” 

  Normal   n�̂� > 10     n(1- �̂�) > 10 

    2350(0.4162) > 10    2350(0.5838) > 10 

  Independent  2350 is less than 10% of all flu vaccine eligible people 

Know how to calculate a one proportion z interval, (11b, 5a; 03, 6b; 03b, 6a) 

 CI = Statistic ± (Critical Value)(Standard Deviation) 

 CI = �̂� ± 𝑧∗√
𝑝(1−�̂�)

𝑛
 = 0.4162 ± 2.576√

(0.4162)(0.5838)

2350
 

 CI = (0.38998, 0.44236) 

Know how to interpret a one proportion z interval, (11b, 5b; 03, 6b; 03b, 6a; M7, 34) 

We are 99% confident that the proportion of vaccine-eligible people who actually received the flu vaccine is 

between 0.38998 and 0.44236. 

 

 

 

 

THE THREE STEPS ABOVE MUST BE DONE FOR EVERY CONFIDENCE INTERVAL 

 

 

  



More on Confidence Intervals Part 2 
What exactly is a confidence interval?  How do I use it to argue for or against a claim (e.g. Based on your confidence 

interval is there evidence that boys are smarter than girls?)? (11b, 5a; 10, 3b;10b, 6d; 03, 6b) 

Use your confidence interval above to comment on the belief that 45 percent of the vaccine-eligible people had 

received flu vaccine. 

  

We believe that the proportion is between 0.38998 and 0.44236.  Since 0.45 is not in our confidence 

interval, we don’t believe that 45% of vaccine-eligible people had received the flu vaccine. 

 

If I need to have a certain margin of error, how do I establish how many observations to make? (11b, 5b; 10, 3c; 08b, 

3a; 05, 5b; 03b, 6b; M2, 26)—635, 671 

Suppose a similar survey will be given to vaccine-eligible people in Canada by Canadian health officials.  A 99 

percent confidence interval for the proportion of people who will have received flu vaccine is to be constructed. 

What is the smallest sample size that can be used to guarantee that the margin of error will be less than or equal to 

0.02? 
 

  𝑚 =  𝑧∗√
𝒑(𝟏−𝒑)

𝒏
  

Since there is not way that we can know what p will be (that’s what we are trying to find), we will use 0.5, 

because it is the most conservative guess.  It will give us a number that GUARANTEES that we won’t go over the 

margin of error that we want. 

0.02 = 2.576√
(0.5)(0.5)

𝑛
             n = 4147.36  

We will need to sample 4148.  Always round up, because 4147 won’t be enough to guarantee. 

 

If we are taking a sample of 50 from a population, why don’t we consider the fact that the probability is changing 

because we are not replacing? (10b, 4b) 

Let’s say that we have 10,000 songs on a computer, and we are going to choose 500 unique songs at random to 

create a playlist.  Some of the songs on the computer were downloaded by Reid, and some were downloaded by 

Derrel.  If 400 of our 500 songs (0.8) were downloaded by Reid, create a 99% confidence interval for the 

proportion of songs on the computer that were downloaded by Reid.  We understand that once you remove a 

song from the list the probability of choosing a song downloaded by Reid will not be the same as it was when 

you started.  Why is it appropriate to do a confidence interval even though the probability isn’t constant? 

This is the 10% rule (Rule of thumb).  Since we are only taking a small sample from the population (500 

out of 10000  5%) the probability won’t really change that much from song to song.  So, it is 

appropriate to proceed because, even though the probability is changing, it’s not changing drastically.  It 

would not be appropriate to proceed if our sample was larger than 10% of the population.  We couldn’t 

create a confidence interval if we wanted to choose more than 1000 (10%) songs to add to our playlist.  

  



2 PROPORTION Z-INTERVAL 
Researchers want to determine whether drivers are significantly more distracted while driving when using a cell phone 

than when talking to a passenger in the car.  In a study involving 288 people, 144 people were randomly assigned to 

drive in a driving simulator while using a cell phone.  The remaining 144 were assigned to drive in the driving simulator 

while talking to a passenger in the simulator.  Part of the driving simulation for both groups involved asking drivers to 

exit the freeway at a particular exit.  In the study, 42 of the 144 cell phone users missed the exit, while 12 of the 144 

talking to a passenger missed the exit. 

Create and interpret a 90% confidence interval for the difference in the proportion of those who missed the exit while 

using cell phones and those who were talking to a passenger. 

Know how to check the conditions for a 2 proportion z test/interval, (13, 5b; 12, 4; 09b, 3a; 07, 5c; 07b, 6a; 06b, 2a; 

04b, 6a; M7, 39; M2, 22; M2, 40) 

We are going to do a 2 proportion z interval.  The conditions that need to be met in order to proceed are that 

the two samples are independent, random samples and that both distributions are approximately normal. 

Random/Independent  Since this is an experiment where people were randomly assigned to the two 

treatments, it is safe to say that the two groups should be independent. 

Normal    np > 10      n(1 – p) > 10 

 Cell: 144(0.2917) > 10    144(0.7083) > 10 

 Pass: 144(0.0833) > 10    144(0.9167) > 10 

Know how to calculate a confidence interval for a z confidence interval for a difference of two proportions (2 prop z 

interval), (09b, 6b; 06b, 2a; M7, 4) 

 CI = (�̂�𝑐𝑒𝑙𝑙 − �̂�𝑝𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟) ± 𝑧∗√
𝑝𝑐𝑒𝑙𝑙(1−�̂�𝑐𝑒𝑙𝑙)

𝑛
+

𝑝𝑝𝑎𝑠𝑠(1−𝑝𝑝𝑎𝑠𝑠)

𝑛
 

 CI = (0.2917 - .0833) ±1.645√
(0.2917)(0.7083)

144
+

(0.0833)(0.9167)

144

   

 CI = (0.13542, 0.28125) 

Know how to write a conclusion in context for a two sample/proportion t/z interval (09, 4a; 09, 5b; 06, 4; 06b, 2a; 05, 

6a; 04b, 4a) 

We are 90% confident that the difference in the proportion of the drivers who will miss the exit while on their 

cell phone and those who will miss the exit if they had a passenger is between 0.13542 and 0.28125. 

Since both numbers are positive, we have strong evidence that cell phone users are more likely to be distracted 

than drivers who have a passenger. 

 

THE THREE STEPS ABOVE MUST BE DONE FOR EVERY CONFIDENCE INTERVAL 

Note: We did NOT pool the data, because in 

a confidence interval we are assuming that 

the two proportions are different.  That 

means that they would have two different 

standard deviations.  We are just trying to 

find what that difference is. 



ONE SAMPLE/PAIRED T-TEST 
A math teacher always makes two different tests, in order to reduce cheating. He is concerned that one of them is 

harder than the other.  In order to test this, he grouped his students together by their current grade in the class.  For 

example, he took the top student from each class and paired them together, the next best student from each class and 

paired them together, and so on.  Then he had one person from each group take test A, and the other take test B.  He 

determined who would get which test by flipping a coin.  Below is a random sample of the test results.  Assume results 

are independent. 

 Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 

Test A 50 43 61 70 80 36 51 

Test B 60 45 61 65 85 42 55 

 

Is there evidence that there is a difference between the two tests? 

Know how to state your test and check the conditions for a one sample/paired t-test or confidence interval, (14, 5; 13, 

1b; 09b, 5a;08b, 6c; 07, 4; 06b, 4; 05b, 4a; 05b, 6a; 04, 6a; 04b, 5b) 

 We are going to do a paired t-test   𝑡 =
�̅�𝑑−𝜇0

𝑠

√𝑛

 

 The condition for a paired t-test are random samples and normal distribution 

1) Random  Tests were assigned at random and these 7 groups were selected at random 

2) Normal   If we created a boxplot of the 7 differences (10, 2, 0, -5, 5, 6, 4), since it doesn’t vary 

extremely from normal we can say that it is appropriate to proceed. 

a. Note: You need to actually create a boxplot 

3) Indpendent  “Assume results are independent” 

Know how to write a pair of hypotheses for a one sample/paired t-test, including a definition of parameters, (14, 5; 

09, 6a; 09b, 5a; 08b, 6c; 07, 4; 06, 6a; 06b, 4; 05B, 4a; 05b, 6a; 03, 1c; M7, 5) 

H0: μd = 0    Let 𝜇𝑑 =The average difference in score between test B and test A 

 Ha: μd ≠ 0 

Know how to calculate a test statistic for a one sample/paired t-test, find its degrees of freedom, and calculate its P-

value, (14, 5; 09b, 5a;08b, 6c; 07, 4; 06b, 4; 05b, 4a; 05b, 6a; M2, 39) 

 𝑡 =
3.14−0

4.78

√7

= 1.74  df = 6  P = 0.1323 

Know how to draw a conclusion in context based on a P-value in a one sample/paired t-test, (14, 5; 09b, 5a;08b, 6c; 

07, 4; 06b, 4; 05b, 4a; 05b, 6a; M2, 24) 

We cannot reject the null hypothesis in favor of the alternative at the 5%, because 0.1323 > 0.05.  There is not 

significant test that this math teacher is making one test harder than the other. 



More on Hypothesis Tests Part 1 
Know when to do a paired t-test as opposed to a 2 sample t-test, (08b, 6c) 

In the math test problem on the previous page, we did a paired t-test because the two numbers were not 

independent.  It makes sense that if two students with similar class ranks are put together in a group then they 

should get similar grades.  So, their scores will not be completely independent from each other. 

Know what a Type 1 and Type 2 error, and be able to distinguish which one has worse consequences in the context of 

a problem if given a null and alternative hypothesis, (12, 5a; 11b, 4d; 09, 5c; 08b, 4b, 03, 2b) 

 In the math test problem on the previous page, this how the errors would be described. 

Type 1: Thinking that there was a difference between the two tests, when in fact they are the same difficulty.  A 

consequence would be that the teacher may have to use a different method when he creates his tests. 

Type 2: Thinking that there was a difference between the two tests, when in fact one is more difficult than the 

other.  A consequence would that this teacher would keep creating tests in this manner, and some students are 

getting a harder test than other students. 

 Note: These interpretations apply to all hypothesis tests 

Know how to interpret a P-value in the context of a two sample/proportion problem.  How is this different that just 

drawing a conclusion?, (09, 5a; 07, 5c; 07b, 6a) 

 Using the data from the math test problem from the previous page, this is how we would interpret the P-value. 

If in fact there were no difference between the two tests (null hypothesis true), then there would be a 

13.23% chance of randomly getting the numbers that we go, or numbers more extreme.  Since that is a 

relatively high percentage, we did not reject the null hypothesis, because we believe that we could have 

randomly gotten this data even if the two tests were equally difficult. 

 Note: These interpretations apply to all P-values 

Know what power is and what can be done to increase it in an observational study or an experiment, (09b, 4b; M7, 

32; M2, 35) 

 Power is the probability of rejecting when you are supposed to.  Ways to increase power are… 

1) Increase α 

2) Increase n 

3) Decrease s by taking a better sample 

Note: This applies to all hypothesis tests 

 

 

 

  



TWO SMAPLE T-TEST 
An ASB adviser has created a gauntlet for a snack time activity, but is concerned that it may be a lot easier for seniors to 

finish the gauntlet than 9th graders.  In order to check this, he has 40 randomly chosen 12th graders run the gauntlet, and 

another 33 randomly chosen 9th graders to run the gauntlet.  The results of the experiment are shown below. 

 9th graders 12th graders 

�̅� 75 seconds 60 seconds 

S 10 12 

N 33 40 

 

Is there evidence that 12th graders will finish the gauntlet in less time than 9th graders? 

What are the conditions for a two sample t-test/interval and how do I check them? (11, 4; 12, 3b; 10, 5;09, 4a;08, 6a; 

08b, 1b; 07b, 5; 06, 4; 05, 6a; 04b, 4a; 04b, 5c)—782 

 Two Sample t-test   𝑡 =
(�̅�𝑓−�̅�𝑠)−(𝜇𝑓−𝜇𝑠)

√
𝑠𝑓

2

𝑛𝑓
+

𝑠𝑠
2

𝑛𝑠

 

 The conditions are  

1) Random/Independent    These two groups are independent random samples 

2) Normal  Since both groups have samples larger than 30, both sampling distributions of 

sample beams are approximately normal by the central limit theorem 

3) Independent  Both groups are less than 10% of their respective populations 

How do I create a set of hypotheses for a two sample t-test? (11, 4; 10, 5; 08, 6a; 07b, 5) 

 𝐻0: 𝜇9𝑡ℎ − 𝜇12𝑡ℎ = 0 

 𝐻𝑎: 𝜇9𝑡ℎ − 𝜇12𝑡ℎ > 0 

How do I calculate the t statistic for a two sample t-test? (11, 4; 10, 5; 08, 6a; 07b, 5)—788 

 𝑡 =
(75−60)−0

√102

33
+

122

40

= 5.825  df = 70.988  P =0.0000000766248 

Know how to write a conclusion in context for a two sample t test, (11, 4; 10, 5; 08, 6a; 07b, 5; M7, 13; M7, 37) 

We reject the null hypothesis in favor of the alternative at the 1% significance level because      

0.0000000766248 < 0.01.  There is evidence that seniors will finish the race in less time, on average. 

 

THE FOUR STEPS ABOVE ARE WHAT SHOULD BE DONE FOR EVERY HYPOTHESIS TEST 



ONE PROPORTION Z-TEST 
During a flu vaccine shortage in the United States, it was believed that 45 percent of vaccine-eligible people received flu vaccine. The 

results of a survey given to a random sample of 2,350 vaccine-eligible people indicated that 978 of the 2,350 people had received flu 

vaccine. 

 

Is there evidence at the 1% significance level that less than 45 percent of the vaccine-eligible people had received flu vaccine? 

 

Know how to check the conditions for a one proportion z-test, (11, 6a; 12, 5c; 06b, 6b; 05, 4) 

We are going to do a one proportion z-test.  The conditions are that the sample was chosen at random, and that there is an 

approximately normal distribution.  

 Random  “a random sample of 2350 vaccine-eligible people” 

 Normal   np > 10    n(1-p) >10 

   2350(0.45) > 10   2350(0.55) > 10 

Note that we use the null hypothesis p to check for normality, because we are assuming 

that it is true.  That is what a null hypothesis is, an assumption of truth. 

  10% Check  It is safe to say that there are more than 23500 vaccine eligible people. 

Know how to write a pair of hypotheses for a one propotion z test, including how to define parameters, (11, 6a; 06b, 6a; 05, 4; 03, 

2a; M2, 2) 

𝐻𝑜: 𝑝 = 0.45                    let p = the proportion of ALL vaccine eligible people who received the flu vaccine 

 𝐻𝑎: 𝑝 < 0.45   Note: we use p, not �̂� 

Know how to find a z-statistic and a P-value for one proportion z-test, (11, 6a; 06b, 6f; 05, 4) 

 𝑧 =
𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐−𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝑠.𝑑.
=

978

2350
−0.45

√(0.4162)(0.5838)

2350

= −3.2964 

 P = 0.0004896 

Know how to draw a conclusion based on a P-value for a one proportion z-test in context, (11, 6a; 12, 5b; 06b, 6f; 05, 4) 

We reject the null hypothesis at the 1% significance level because 0.0004896 < 0.01.  There is evidence that that less than 45 

percent of the vaccine-eligible people had received flu vaccine. 

 

THE FOUR STEPS ABOVE MUST BE DONE FOR EVERY HYPOTHESIS TEST 

Know how to interpret a P-value in context 

 For the above problem, we want to interpret 0.0004896. 

General: If we assumed that the null hypothesis was true, there is a P-value percent chance of getting the data that we got or 

more extreme/lower/higher. 

Problem Specific: If we assume that 45% of the vaccine-eligible people received a flu vaccine, there is a 0.05% chance of 

getting a statistic of 41.62% or lower in a random sample of 2350 people. 

 Note: interpreting P-values is the same for any hypothesis test   



2 PROPORTION Z-TEST (The only time that we pool data) 

A French study was conducted in the 1990s to compare the effectiveness of using an instrument called a cardiopump with the 

effectiveness of using traditional cardiopulmonary resuscitation (CPR) in saving lives of heart attack victims. Heart attack patients in 

participating cities were treated with either a cardiopump or CPR, depending on whether the individual’s heart attack occurred on an 

even-numbered or an odd-numbered day of the month. Before the start of the study, a coin was tossed to determine which treatment, a 

cardiopump or CPR, was given on the even-numbered days. The other treatment was given on the odd-numbered days. In total, 754 

patients were treated with a cardiopump, and 37 survived at least one year; while 746 patients were treated with CPR, and 15 survived 

at least one year. 

 

Is there evidence that the survival rate for patients treated with a cardiopump is significantly higher than the survival rate for patients 

treated with CPR? 

 

Know how to write a pair of hypotheses for a two prop z test, (12, 4; 09b, 3b; 07, 5b; 07b, 6a; 04b, 6a; 03b, 3b) 

 𝐻0: 𝑝𝑐𝑎𝑟𝑑𝑖𝑜𝑝𝑢𝑚𝑝 − 𝑝𝑐𝑝𝑟 = 0   Note: We use p, not �̂� 

 𝐻0: 𝑝𝑐𝑎𝑟𝑑𝑖𝑜𝑝𝑢𝑚𝑝 − 𝑝𝑐𝑝𝑟 > 0 

Know how to check the conditions for a 2 proportion z test/interval, (13, 5b; 12, 4; 09b, 3a; 07, 5c; 07b, 6a; 06b, 2a; 04b, 6a; 

M7, 39; M2, 22; M2, 40) 

We are going to do a 2 proportion z-test.  In order to proceed, the conditions of random/independent, normal, and 

independent must be met. 

Random/Independent  The coin flip should be fine assuming that there is no reason to believe that even or odd numbered 

days should affect our results.  This creates two random independent groups. 

Normal  Since, we are doing a two proportion z-test, we must pool our data to check this condition.  This is the only time 

we pool our data.  Note: if you don’t pool the data for the normality check, points will not be removed. 

  �̂�𝑝𝑜𝑜𝑙 =
37+15

754+746
= 0.0347 

   Np > 10     n(1 – p) > 10 

 Pump:  754(0.0347) > 10   743(0.9653) > 10 

 CPR:  756(0.0347) > 10   756(0.9653) > 10 

 

Know how to find a test statistic for a 2 prop z test, and how to look up its corresponding p-value, (12, 4; 09b, 3b; 07b, 6a; 04b, 

6a) 

 𝑧 =
𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐−𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟

𝑠.𝑑.
=

(𝑝𝑝𝑢𝑚𝑝−𝑝𝐶𝑃𝑅)−(𝑝𝑝𝑢𝑚𝑝−𝑝𝐶𝑃𝑅)

√
�̂�𝑝𝑜𝑜𝑙(1−�̂�𝑝𝑜𝑜𝑙)

𝑛𝑝𝑢𝑚𝑝
+

�̂�𝑝𝑜𝑜𝑙(1−�̂�𝑝𝑜𝑜𝑙)

𝑛𝐶𝑃𝑅

=
(0.0491−0.0201)−0

√(0.0347)(0.9653)

754
+

(0.0347)(0.9653)

746

= 3.06605 

 P = 0.0010846 

Know how to draw a conclusion in context for a 2 prop z test, (13, 5c; 12, 4; 09b, 3b; 07, 5c;07b, 6a; 04b, 6a) 

We can reject the null hypothesis at the 1% significance level, because 0.0010846 < 0.01.  There is evidence that the survival 

rate for patients treated with a cardiopump is significantly higher than the survival rate for patients treated with CPR. 

 

THE FOUR STEPS ABOVE MUST BE DONE FOR ALL HYPOTHESIS TESTS 

Note that this is 

the ONLY time 

that we pool 



What Else? 

What is the relationship between confidence intervals and hypothesis tests? 

A two sided (≠) hypothesis test should draw the same conclusion as a confidence interval if the confidence 

level and 𝛼 add to 100%.  For example, let’s say we do a two proportion z-interval with 90% confidence and we 

get the following interval 

       (0.12, 0.5) 

Since 0 is not in our interval, we would reject the null hypothesis below at the 𝛼 = 0.10 

𝐻0: 𝑝1 − 𝑝2 = 0 

𝐻𝐴: 𝑝1 − 𝑝2 ≠ 0 

If we had gotten an interval like this 

       (-0.1, 0.4) 

Since 0 is in our interval, we would not reject the null hypothesis at the 𝛼 = 0.10. 

 

If we had changed the confidence level to 95%, then our hypothesis test conclusions would have been 

significant at 𝛼 = .05.  If we had changed the confidence level to 99%, then our hypothesis test conclusions 

would have been significant at 𝛼 = .01.   

 

This would work for averages as well.  For both, though, it is only guaranteed for two-sided tests.  Most of the 

time, your results will work with one sided tests, but not always. 

 

  



ONE SAMPLE T-TEST 
A math teacher with 150 students wanted to see if his students improved from one test to the next.  So, he compared 

the chapter 1 test to their chapter 2 tests for a random sample of 7 students and found that the chapter two tests were 

better by the following scores. 

10 2 0 -5 5 6 4 

Is there evidence that his students did better, on average, on their second test compared to their first test? 

Know how to state your test and check the conditions for a one sample/paired t-test or confidence interval, (14, 5; 13, 

1b; 09b, 5a;08b, 6c; 07, 4; 06b, 4; 05b, 4a; 05b, 6a; 04, 6a; 04b, 5b) 

 We are going to do a one sample t-test   𝑡 =
�̅� −𝜇0

𝑠

√𝑛

 

 The condition for a paired t-test are random samples and normal distribution 

1) Random  “Random sample of 10 students” 

2) Normal   We created a boxplot of the 7 differences (10, 2, 0, -5, 5, 6, 4) that is not displayed but 

should be.  Since it doesn’t vary extremely from normal we can say that it is appropriate to proceed. 

a. Note: You need to actually create a boxplot 

2) 3 Independent  7 is less than 10% of his 150 students 

Know how to write a pair of hypotheses for a one sample/paired t-test, including a definition of parameters, (14, 5; 

09, 6a; 09b, 5a; 08b, 6c; 07, 4; 06, 6a; 06b, 4; 05B, 4a; 05b, 6a; 03, 1c; M7, 5) 

H0: μ = 0    Let 𝜇 =The average difference in score between test B and test A 

 Ha: μ > 0 

Know how to calculate a test statistic for a one sample/paired t-test, find its degrees of freedom, and calculate its P-

value, (14, 5; 09b, 5a;08b, 6c; 07, 4; 06b, 4; 05b, 4a; 05b, 6a; M2, 39) 

 𝑡 =
3.14−0

4.78

√7

= 1.74  df = 6  P = 0.0662 

Know how to draw a conclusion in context based on a P-value in a one sample/paired t-test, (14, 5; 09b, 5a;08b, 6c; 

07, 4; 06b, 4; 05b, 4a; 05b, 6a; M2, 24) 

We cannot reject the null hypothesis in favor of the alternative at the 5%, because            0.0662 > 0.05.  There is 

not significant test that the students improved from one test to the next. 

THE FOUR STEPS LISTED ABOVE ARE WHAT SHOULD BE DONE FOR EVERY HYPOTHESIS TEST 

  



Chi-Squared Test of Independence 
An advertising agency in a large city is conducting a survey of adults to investigate whether there is an association between highest 

level of educational achievement and primary source for news. The company takes a random sample of 2,500 adults in the city. The 

results are shown in the table below. 

 

     Highest Level of Educational Achievement 

Primary Source For 

News 

Not a high school 

graduate 

High school graduate but not 

a college graduate 
College graduate Total 

Newspaper 49 205 188 442 

Local Television 90 170 75 335 

Cable Television 113 496 147 756 

Internet 41 401 245 687 

None 77 165 38 280 

Total 370 1437 693 2500 

 

Do the data provide convincing statistical evidence that there is an association between primary source for news and highest level of 

educational achievement for adults in this city? 

 

Know when to use a chi-squared test of independence and how to find the degrees of freedom. 

 This is a chi-squared test of independence, because… 

1) Categorical data 

2) Two variables with multiple choices (Two-way table) 

3) Determining if there is an association (not independent) 

Know how to write a null and alternative hypothesis for a chi-square test of independence (13, 4; 11b, 4a; 09, 1c; 04, 5a; 03, 5) 

𝐻0: There is no association between source for news and highest level of education (Source and education are   independent) 

𝐻𝑎: There is an association between sources of news and highest level of education (Source and education are not 

independent) 

Know how to find the expected outcomes for a chi squared test of independence, (M2, 11) 

 The null hypothesis claims that the two variables are independent.  If that is the case, then… 

  𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑐𝑒𝑙𝑙 𝑣𝑎𝑙𝑢𝑒 =  
𝑟𝑜𝑤 ∙𝑐𝑜𝑙𝑢𝑚𝑛

𝑛
 

 For example, the expected value for non high school graduate who use the newspaper for their news would be 

  𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 =
(442)(370)

2500
= 65.416 

If these variable are independent, then we would expect 65.416 people in this sample to be non graduates who use 

the paper for their primary news source 

The table below shows the expected counts for each cell.  Notice the top left has the 65.416 that we calculated on the previous page 

    

Highest Level of Educational Achievement 

Primary Source For 

News 

Not a high school 

graduate 

High school graduate but not 

a college graduate 
College graduate Total 

Newspaper 65.416 254.06 122.52 442 

Local Television 49.58 192.56 92.862 335 



Cable Television 111.89 434.55 209.56 756 

Internet 101.68 394.89 190.44 687 

None 41.44 160.94 77.616 280 

Total 370 1437 693 2500 

Know how to check the conditions for a chi-squared test of independence, (13, 4; 11b, 4b; 04, 5a, 03, 5) 

 The two conditions for a chi-squared test of independence are  

1) Random sample 

2) All expected counts > 1 and at least 80% of expected counts > 1 

For our problem, we were told that it was a “random sample.”  Looking at our table on the previous page, all of the expected 

counts are larger than 5 with the smallest being 41.44, so we have met both conditions. 

Know how to find a chi squared statistic, the degrees of freedom, and the P-value for a chi squared test of independence, (13, 

4; 04, 5a; 03, 510b, 5d) 

 𝑋2 = ∑
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑−𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑
=

(49−65.416)2

65.416
+

(205−253.06)2

253.06
+

(188−122.52)2

122.52
+ ⋯ +

(38−77.616)2

77.616
 

        =       4.20      +       9.13        +     35.00         +…+      20.22 

         =  217.77  (from calculator) 

 The degrees or freedom are 

  Df = (r – 1)(c – 1) = (5 – 1)(3 – 1) = 8 

 P value: 1.14 𝑥 10−42 ≈ 0 (from calculator) 

Know how to draw a conclusion in context for a chi squared test of independence, (14, 1c; 13, 4; 11b, 4c) 

We reject the null hypothesis at the 1% significance level, because 0 < 0.01.  There is evidence that there is a relationship 

between level of education and an individual’s source for news in this city.  There is statistical evidence to say that the two 

variables are NOT independent. 

 

THE SIX STEPS ON THE PREVIOUS TWO PAGES WOULD HAVE TO BE DONE FOR ANY CHI SQUARED TEST OF 

INDEPENDENCE.  YOU MAY USE THE MATRIX FUNCTION AND CHI SQUARED TEST FUNCTION ON YOUR 

CALCULATOR INSTEAD OF DOING WORK  

Know how to interpret a P-value for a chi squared test of independence, (04, 5a; 03, 5) 

General: If the null hypothesis is true, there is a (p-value)% chance of randomly getting the data that we got or more extreme. 

Specific: If level of education and source for news are independent, there is a 0% chance that we would have gotten the data 

that we got in our sample or data more extreme. 

  



Chi Squared Goodness of Fit Test 
The distribution of Algebra 1 grades in a large school district with several high schools is shown below. 

Grade A B C D F 

Proportion of 

students with this 

grade 

0.12 0.32 0.26 0.18 0.12 

 

55 Randomly chosen students from one of the high schools showed the distribution below 

Grade A B C D F 

Number of students 

with this grade 

20 15 13 4 3 

 

The district claims that all high schools have the same grade distributions in Algebra 1.  Is this data consistent with this belief?  

Perform an appropriate statistical test to support your conclusion. 

 This is a chi-squared goodness of fit test 

Know how to write a null and alternative hypothesis for a goodness of fit test, (08, 5a; 03b, 5c) 

 𝐻0: The distribution of grades at this school is the same as the district 

 𝐻𝑎: The distribution of grades at this school is not the same as the district 

Know how to find expected counts for a GOF test if each possibility has a different proportion and check conditions, (08, 4a; 

03b, 5c; M2, 19) 

The null hypothesis says the schools grades should match the district.  If that were the case, we should have 12% of our 55 

get an A.  So, the expected count for A is (0.12)(55) = 6.6.  All expected counts are shown below 

Grade A B C D F 

Expected number 

of students 

6.6 17.6 14.3 9.9 6.6 

  

Our conditions are 

1) Random-“random sample” 

2) All expected > 1, at least 80% of expected > 5- Both conditions are met.  The smallest expected is 6.6 

Know how to find a chi squared statistic, the degrees of freedom, and the P-value for a GOF test, (08, 4a; 06, 6c; 03b, 5c; M7, 

17; M2, 19) 

 𝑋2 = ∑
(𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑−𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑)2

𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑
=

(20−6.6)2

6.6
+

(15−17.6)2

17.6
+

(13−14.3)2

14.3
+

(4−9.9)2

9.9
+

(3−6.6)2

6.6
 

        = 27.21      +   0.38         +     0.12      +     3.52    +   1.96 

        =   33.19 

 Degrees of Freedom = k – 1 = 5 – 1 = 4 

 𝑃 𝑉𝑎𝑙𝑢𝑒 ≈ 0 

 



Know how to draw a conclusion in context for a GOF test, (08, 4a; 03b, 5c) 

We reject the null hypothesis in favor of the alternative at the 1% significance level, because 0 < 0.01.  There is evidence that 

this school’s distribution of Algebra 1 grades is different than the district’s. 

THE FOUR STEPS ABOVE MUST BE DONE FOR EVERY CHI SQUARED GOODNESS OF FIT TEST.  YOU MAY USE 

YOUR CALCULATOR TO FIND THE STATISTIC AND P-VALUE, BUT NOT ALL CALCULATORS HAVE THAT 

FUNCTION. 

Know how to interpret a P-value for a GOF test in the context of the problem, (06, 6f) 

Using the context form the previous problem:  Assuming that the distribution of grades at this school is the 

same as the district, there is a 0% chance that we would have randomly gotten the data that we got or more 

extreme. 

What does an individual chi squared value represent?  Does it tell you if the expected was higher or lower? (08, 4b) 

Looking at our calculation in the problem on the previous page, we can see that the biggest difference in grades 

occurs with the A’s.  One way you can see that, is that it has the largest contributor (27.21) to the chi squared 

statistic of 33.19.  So, that is where the biggest difference occurs.  The chi squared statistic though, does not 

necessarily tell you the direction of the difference because it is a square number.  We can see that the observed 

is 13.4 above the expected, but you would have gotten the same statistic (27.21) even if it was 13.4 below the 

expected.  So, it tells us there is a difference, it just doesn’t tell us the direction. 

 


