




















*Requires
𝑛1 ≥ 30 and 𝑛2 ≥ 30

OR 𝑋1 and 𝑋2 are normal

*

𝑡-distributions require 𝑋1 and 𝑋2
are normal



 

Two Population Means -Dependent Sampling 

 

Confidence Interval: 

 point estimate ± reliability coefficient * standard error 

 ( 𝑑̅ )  ±  ( from the flowchart)  

 

Hypothesis Test: 

1. Statement of Hypothesis 

Ho: µd = 0  Ho: µd = 0   Ho: µd = 0 

Ha: µd ≠ 0  Ha: µd > 0   Ha: µd < 0 

 

2. Test Statistic: Distribution comes from the flowchart 

Test statistic =   point estimate – parameter 

                  standard error 

 

            =            𝑑̅ – µd   

          (from flowchart) 

 

3. Rejection Region(s): same as before 
 

4. Conclusion: same as before 
 
5. P-value: same as before 

 



 

Two Population Means -Independent Sampling 

 

Confidence Interval: 

 point estimate ± reliability coefficient * standard error 

 ( 𝑥̅1 - 𝑥̅2 )  ±  ( from the flowchart)  

 

Hypothesis Test: 

1. Statement of Hypothesis 

Ho: µ1 - µ2 = 0  Ho: µ1 - µ2 = 0   Ho: µ1 - µ2 = 0 

Ha: µ1 - µ2 ≠ 0  Ha: µ1 - µ2 > 0   Ha: µ1 - µ2 < 0 

 

2. Test Statistic: Distribution comes from the flowchart 

Test statistic =   point estimate – parameter 

                  standard error 

 

            =    ( 𝑥̅1 - 𝑥̅2 ) – (µ1 - µ2 ) 

          (from flowchart) 

 

3. Rejection Region(s): same as before 
 

4. Conclusion: same as before 
 
5. P-value: same as before 

 



Two Population Means 

 
1. Makers of two small cars, A and B, each claim that their automobile gets superior gas mileage on the highway.  

To decide the matter once and for all, the makers of car A decide to run a carefully controlled experiment 
designed to prove that the mean number of miles per gallon on the highway obtained by car A is greater than 
that of car B.  Twenty-five cars of type A and twenty-four cars of type B were randomly and independently 
sampled.  The sample mean mileage for car A was 37.5 mpg and for car B was 36.2 mpg.  The respective 
sample variances were 3.6 mpg2 and 2.5 mpg2 for car A and B respectively.  Assuming normality, test at the 
5% significance level to determine if car A gets more miles per gallon on the highway compared to car B. 
          
 
 

        X:________________________________________ 

 

        Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

 

        Ho_______________________________________ 

        Ha_______________________________________ 

 

        Test Statistic_______________________________ 

 

        Rejection Region____________________________ 

 

        Conclusion________________________________ 

        __________________________________________ 

        __________________________________________ 

        __________________________________________ 

 

        P-value___________________________________ 

 

 



2. A manager is interested in determining if there is a difference in profits during store hours.  Two different 
schedules are under consideration.  They are:  Schedule I (9:00-5:00) and Schedule II (10:00-6:00).  There is 
no preconceived notion as to whether a difference exists or not; the problem is to estimate the difference in 
mean sales for the two schedules via a 95% confidence interval.  Over a period of time, independent and 
random samples are taken and the following sample data are obtained on sales ($) using these two schedules.
             

       Schedule I   Schedule II 

  Sample Size         15         25 

  Sample Mean    $570    $600 

  Sample Standard Deviation  $  85    $  22 

 

               
        X:________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

 

 

        Reliability Coefficient________________________ 

 

        (________________________________________) 

 

        Ho_______________________________________ 

        Ha_______________________________________ 

 

        Conclusion________________________________ 

        __________________________________________ 

        __________________________________________ 

        __________________________________________ 

 

         

 



3. A sports-shoe manufacturer claims that joggers who wear its brand of shoe will jog faster than those who 
don’t.  A sample of seven joggers is taken, and they agree to test the claim on a 1-mile track.  The rates (in 
minutes) of the joggers while wearing the manufacturer shoes one day and then the next day while wearing 
any other brand of shoe are shown here.  Assuming normality, test the claim at the 5% significance level.   
     
 
Runner   1         2       3           4       5        6              7__ 

      Manufacturer’s   8.2    6.3      9.2           8.6       6.8               8.7           8.0   

     Other   9.1          6.8         9.8            8.0               5.8             10.0           8.4 

 

 

        X:________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

 

 

        Ho_______________________________________ 

        Ha_______________________________________ 

 

        Test Statistic_______________________________ 

 

        Rejection Region____________________________ 

 

        Conclusion________________________________ 

        __________________________________________ 

        __________________________________________ 

        __________________________________________ 

 

        P-value_____________________________ 

 





 

Dependent Sampling From Two Populations 

 

1. Twelve ranch-style houses were divided into six pairs on the basis of square footage and exposure to the sun.  
Awnings were installed on one house in each pair.  Summarized below are the mean electric bills for each house 
during the three hottest months of the summer.  Construct a 99% confidence interval to determine if there is a 
difference in electric bills between homes with and without an awning. 
 

House Pair  Without Awning  With Awning 
      1      $110       $  98 
      2      $  86       $  90 
      3      $125       $114 
      4      $105       $109 
      5      $  78       $  74 
      6      $145       $141 
 
 

        X:___________________________________________ 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

 

        Reliability Coefficient:__________________________ 

        (___________________________________________) 

 

        Ho:__________________________________________ 

        Ha:__________________________________________ 

        Conclusion:___________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        ____________________________________________ 

 

 



 

2. An article entitled “Fuel and Energy Metabolism in Fasting Humans” compared the fasting glucose levels 
(nmoles/L) of six volunteers after 12 hours of fasting and after 60 hours of fasting.  Assuming normality, do the 
data suggest at the 5% significance level that glucose levels decrease as fasting increases? 

       Glucose Levels (nmoles/L) 

Subject  12 hours fasting  60 hours fasting 

   1   6.5   5.9 

   2   7.1   6.9 

   3   5.5   5.2 

   4   8.0   6.9 

   5   6.3   5.9 

   6   7.1   6.5 

        X:___________________________________________ 

               
        Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

        Ho:__________________________________________ 

        Ha:___________________________________________ 

        Test Statistic:__________________________________ 

        Rejection Region:_______________________________ 

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        P-Value:______________________________________ 

Would your conclusion have changed if you had tested at the 1% significance level?  Explain. 

 

 



 

3.  A research study looked at 10 subjects and measured their blood pressure (mm Hg) both before and after an exercise 
program.  The researchers wanted to know if the exercise program produced a difference in blood pressures.  They 
computed their difference in pairs as di = BEFORE – AFTER 
 
a.  What are their hypothesis statements? 

 
Ho:____________________________________ 

        
 Ha:____________________________________ 
 

b. The output for their analysis is as follows.  What is their full conclusion? 

Variable N Mean  StDev  SE Mean 95% C.I. 

  D  10 6.10  4.79  1.52  (2.67, 9.53) 

         Conclusion:_____________________________ 

         _______________________________________ 

         _______________________________________ 

         _______________________________________ 

4.  A paired plot experiment was conducted where the researchers took a field and broke the field up into 10 equal 
plots and then divided each of these plots in half.  Randomly choosing WITHIN each plot, one half got a fertilizer 
application and the other half did not.  They were investigating whether fertilizer increased the yield of sugar beets.  
The output for their analysis is as follows.  Assuming normality, test at the 5% significance level. 

Variable N Mean  StDev  SE Mean T PValue 

   D  10 3.20  2.741  0.867  3.67 0.0025 

 

         di = ___________________________________ 

         Ho:____________________________________ 

         Ha:____________________________________ 

         Test Statistic:___________________________ 

         P-Value:________________________________ 

         Conclusion:_____________________________ 

         _______________________________________ 

         _______________________________________ 

         _______________________________________ 

          



Estimation and Hypothesis Testing for Two Population Means 

 

1. A restaurant has changed its menu so that most meals now offered cost less than the meals they used to offer.  
However, the new meals are also less expensive to prepare, and the owner wants to compare the mean net daily 
income obtained between the two types of meals.  Random samples of 50 net daily incomes from the earlier period 
and 30 net daily incomes from the current period are selected and the sample results are below.  Compute a 95% 
confidence interval for the difference in mean net daily incomes between the two periods so the owner may discern 
whether a significant difference exists. 

 

Higher Priced Meals  Lower Priced Meals 

  n  = 50      n  = 30 

  𝑥̅𝑥 = $185     𝑥̅𝑥 = $166 

  s = $41     s = $53 

 

          

X:___________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

       

        ReliabilityCoefficient:___________________________ 

 

        (______________________,_____________________) 

 

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

 

 



2. Two brands of cigarettes are compared for nicotine content to determine if a difference exists.  Independent and 
random samples of each brand are taken and summarized below.  Find a 99% confidence interval for the true 
difference in mean nicotine content when we may assume normality. 

 

Brand A  Brand B 

  Sample size     18     11 

  Sample mean     26.6 mg    32.9 mg 

  Sample standard deviation   4.7 mg    4.4 mg 

 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

 

       

        ReliabilityCoefficient:___________________________ 

 

        (________________________,___________________) 

         

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

 

 

 

 

 



3.  Many students believe that coffee machine B dispenses more coffee/cup (oz), on average, when compared to  coffee 
machine A.  To test this belief, random and independent samples were taken from each coffee machine with the 
following results. 
 
 

Machine A  Machine B 

Sample size     10     12 

  Sample mean     5.38 oz    5.92 oz 

  Sample standard deviation   1.89 oz    0.83 oz 

 

Test the students’ claim at the 5% significance level. Assume normality. 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

       

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Test Statistic:__________________________________ 

 

        Rejection Region:_______________________________ 

 

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value:______________________________________ 

 

What type of error could you have subjected yourself to and explain what this means in terms of this situation? 

 

 



 

4. A sample of 15 one-pound jars of coffee of Brand A showed that the sample mean amount of caffeine in these jars 
was 80 mg/jar and the sample variance was 25.  Another independent sample of 12 one-pound jars of coffee of 
Brand B gave a mean amount of caffeine equal to 77 mg/jar and a sample variance of 36.  Assuming normality, 
does the data support the claim that Brand B, on average, has less caffeine than Brand A which is what the company 
is advertising?  Test at the 10% significance level. 

 

Brand A  Brand B 

 

 

 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

_____________________________________________ 

     

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Test Statistic:__________________________________ 

 

        Rejection Region:_______________________________ 

 

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value:______________________________________ 

 

If you had tested at the 5% significance level, would your conclusion have changed?  Explain. 

 

 



 

5. An engineer wanted to know whether the strength of one concrete mix (67-0-301) was less than that of another 
mixture (67-0-400).  He randomly selected 9 mixtures of 67-0-301 and 12 mixtures of 67-0-400 and measured their 
respective strengths (lbs/in2).  Use the results below to test at the 5% significance level and you may assume 
normality. 

 

Group  N  Mean  Std. Dev.  Std. Error 

301    9  3668.889 458.52  152.84 

400  12  4480.833 437.73  126.36 

 

If Variances Are  t statistic Df  P-value 

Equal    -4.123  19  0.0003 

Not Equal   -4.094  16.92  0.0004 

 

95% Confidence Interval for the Difference between Two Means 

 Lower Limit  Upper limit 

 -1224.13  -399.76 

 

X:___________________________________________ 

       

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Test Statistic:__________________________________ 

 

         

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value:______________________________________ 

 

 

 

 



 

6.  Researchers wanted to determine whether carpeted rooms contained more bacteria than uncarpeted rooms.  To 
determine the amount of bacteria in a room, researcher pumped the air from the room over a Petri dish for a random 
selection of 8 carpeted rooms and 14 uncarpeted rooms.  Use the results below to test at the 5% significance level 
and assume normality. 

 

Group  N  Mean  Std. Dev.  Std. Error 

Carpet    8  12.45  1.5344  0.5425 

Uncarpet 14    7.31  3.8418  1.0268 

 

If Variances Are  t statistic Df  P-value 

Equal    3.595  20  0.0009 

Not Equal   4.429  18.58  0.0002 

 

95% Confidence Interval for the Difference between Two Means 

 Lower Limit  Upper limit 

 2.16   8.13 

 

X:___________________________________________ 

       

        Ho:___________________________________________ 

        Ha:___________________________________________ 

 

        Test Statistic:__________________________________ 

 

         

        Conclusion:____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value:______________________________________ 

 

 

























Single Numerical Measures 
 
Numerical Measures of Central Tendency-where the data cluster, or center, about certain numerical values 

 

 Mean 

 

 Median 

 

 Mode 

 

Numerical Measures of Variability- the spread of the data 

 

 Range 

 

 Variance 

 

 Standard Deviation 

 

 Interquartile Range 
 

 
                                              ↑ 
                                        CENTER 

 
 ⟨←           SPREAD                      →⟩ 

3 4 5 6 7 8 9 10

3 4 5 6 7 8 9 10



   
 

Measures of Central Tendency and Dispersion 
 

Strength is an important characteristic of materials used in prefabricated housing.  A random sample of eleven prefabricated 
plate elements from one manufacturer were subjected to a severe stress test and the maximum width (mm) of the resulting 
cracks were recorded. 

 

 0.68  0.59  0.92  0.48  3.52  3.13  1.49 
 1.28  1.03  2.54  2.65  

 

Calculate the following: 

 

 

 Mean 

 

 

 

 Median 

 

 

 

 Mode 

 

 

 

 Variance 

 

 

 

 Standard Deviation 

 

 

 

 Range  

 

 

 

 



Distributions 
 
Width (mm) 

 
 Quantiles 
100.0% maximum 3.52 
99.5%  3.52 
97.5%  3.52 
90.0%  3.442 
75.0% quartile 2.65 
50.0% median 1.28 
25.0% quartile 0.68 
10.0%  0.502 
2.5%  0.48 
0.5%  0.48 
0.0% minimum 0.48 
 Summary Statistics 
Mean 1.6645455 
Std Dev 1.095001 
Std Err Mean 0.3301552 
Upper 95% Mean 2.4001772 
Lower 95% Mean 0.9289137 
N 11 
 CDF Plot 
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We have 3 data sets all with 𝑥̅𝑥 = 10 
 
 8, 8, 9, 10, 11, 12, 12 
  

5, 6, 8, 10, 12, 14, 15 
  

1, 2, 5, 10, 15, 18, 19 
 
We have 3 other data sets that also all have 𝑥̅𝑥 = 10 
 
 8, 9, 10, 10, 10, 11, 12 
  

5, 7,   9, 10, 11, 13, 15 
  

1, 5,   8, 10, 12, 15, 19 
 
 
 
 
 
 
 
 
 
 
 
 
 



Understanding the Standard Deviation: 
 
1. Allows comparison of variability between different data sets 

if you have the same units of measure. 
 
 

2. It is an essential component of all inferential statistics. 
 
 

3. Within a given data set, if the distribution is mound shape and 
somewhat symmetrical, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
If we want to compare different data sets on a standardized basis, 
we can use z-scores which measure how many standard deviations 
any given observation is from its particular mean. 
 
 

a. Z-scores can be used to compare observations from different 
samples with different units of measure. 

 
 

b. Z-scores allow us to look at outliers. 
 
 
 
 
Suppose x1, x2, …, xn is a set of n observations with mean 𝑥̅𝑥 and 
standard deviation s.  The z-score corresponding to the ith 
observation, xi, is given by  
 
 
              zi =  𝑥𝑥𝑥𝑥− 𝑥̅𝑥

𝑠𝑠
 

 
 
 
 
 
 
 
 
 
 
 



The owner of the Jungle Pet Store is trying to establish a policy for the return of animals.  In a 
random sample of the lifetime (months) of pet guinea pigs, the sample mean lifetime was 60 
months and the sample standard deviation was 15.5 months.  One of the guinea pigs in this sample 
lived 48 months.  Is this a reasonable lifetime, or should the store provide some sort of refund (or 
a new guinea pig)? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Most college career counselors agree that starting salary is associated with academic major.  Even 
if a person’s first job is not directly related to his or her course of study, the salary may still be 
related to the person’s academic major.  A recent survey of academic major and starting salary of 
graduates showed the following information. 
 
  Major    Mean      Standard Deviation 
  English   $37,300    $1175 
  Computer Science  $52,500    $2375 
 
One Computer Science major who responded to the survey received a starting salary of $55,000 
and an English major received an offer of $40,000.  Which salary is better, in terms of statistics? 
 
 





















Conditional Probability and Independence 

 

1. What is the probability that two cards dealt from a well-shuffled standard deck will both be queens where each card 
is not replaced after being drawn? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. The probability that a newborn human baby is a boy is approximately 0.51.  What is the probability that all three 
singleton babies born in a certain hospital in one day are boys?  Given the first three singleton babies born were 
boys, what is the probability that the next singleton birth is a boy? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. Tires salvaged from a train wreck are on sale at the GETRICH Tire Company.  Of the 15 tires offered in the sale, 5 
have suffered internal damage and the remaining 10 tires are damage free.  If you were to randomly select 2 of these 
tires, what is the probability that 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Both tires are damage free? 

 

 

 

 

b. Exactly one of the tires is damage free? 

 

 

 

 

c. At least one of the tires is damage free? 

 

 

 

 

 

 

 

 

 

 



4. A manufacturer of hard drives knows that a shipment of 30 hard drives sent to a large discount store contains six 
that are defective.  The manufacturer also knows that the store will randomly choose two of the hard drives, test 
them, and accept the shipment if neither is defective. 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. What is the probability that the first hard drive chosen by the store will be defective? 

 

 

 

 

b. Given that the first hard drive passed inspection, what is the probability that the second chosen will fail inspection? 

 

 

 

 

c. What is the probability that the shipment will be accepted? 

 

 

 

 

 

 

 

 

 

 



5. A Baltimore detective is suspicious about 3 deaths that were determined by the department to be “accidental”.  
According to the data from the Statistical Abstract for the United States, there is a 0.0478 probability that a death 
is caused by an accident.  If the 3 deaths under investigation are completely unrelated,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. Find the probability that all 3 were accidental. 

 

 

 

 

b. Find the probability that exactly 1 was accidental. 

 

 

 

 

c. Find the probability that at least one was not accidental. 





ADDITION RULES FOR PROBABILITY 

 

The number of reported cases of vaccine-preventable diseases in Canada in 2011 is given in the following table. 

Disease   Frequency 

Hib meningitis       38 

Measles     759 

Mumps     282 

Pertussis     676 

Other          8  

Consider the events: A = {the case is measles}, B = {the case is mumps or pertussis}, C = {the case is not Hib 
meningitis} 

Find the following probabilities. 

a. P(A) 
 
 

___________________________(2) 

b. P(A  ∩  C) 
 
 

___________________________(2) 

c. P(A ∪ B) 
 
 
 

___________________________(2) 

d. P(𝐴𝐴′ ∩ C) 
 
 

___________________________(2) 

 
 
 
 
 
 
 
 
 

 



A store manager recorded the number of shoppers leaving his store in a one hour period.  He observed the shopper’s 
gender and whether a purchase was made or not. 

 

      Purchase  No Purchase 

   Male        10          9 

   Female        37        13 

 

a. Use a Venn diagram to illustrate the sample space. 

 

 

 

 

 

 

 

 

 

 

 

 

b. What is the probability that a randomly selected shopper was female and made a purchase? 

 

 

 

c.  What is the probability that a randomly selected shopper was female? 

 

 

 

d. What is the probability that a randomly selected shopper was male or that a purchase was made? 

 

 

 

e.  What is the probability that a randomly selected shopper was male or female? 

 

 

 



A human resources director constructed the following two-way table to describe the probability that a managerial prospect 
will fall in a particular talent-motivation level. 

 

Talent 

Motivation   High   Medium  Low 

High    0.05   0.16   0.05 

Medium   0.19   0.32   0.05 

Low    0.11   0.05   0.02 

 

Suppose the director has decided to hire a new manager and defines the following events: 

 A:  Prospect places in high motivation category 

 B:  Prospect is medium or better in both categories 

 C:  Prospect places low in at least one category 

 

a. Draw a Venn diagram for this situation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

b. Find each of the probabilities for A, B, C. 

 

 

 

 

 

 

 

 



Of all those people who enter Uncle’s Stereo, a discount electronics store in New York City, 28% purchase a DVD player, 
5% buy a large screen TV, and 4% buy both. 

 

a. Draw a Venn diagram with probabilities to illustrate the relationship between two events, A: a person purchases a 
DVD player and B: a person buys a large screen TV. 
 

 

 

 

 

 

 

 

 

 

 

b. Suppose a customer is selected at random.  What is the probability that the customer buys a large screen TV or a 
DVD player? 

 

 

 

c. Suppose a customer is selected at random.  What is the probability that the customer buys only a DVD player? 

 

 

 

d. Suppose a customer is selected at random.  What is the probability that the customer buys only a large screen TV? 

 

 

 

e. Suppose a customer is selected at random.  What is the probability that the customer buys neither? 
 

 

 

 

 



Marginal Probability and Baye’s Theorem 

 

1. The probability that a recently transplanted shrub will survive is 0.80 if it rains tomorrow and 0.30 if it doesn’t rain 
tomorrow.  If the probability of rain tomorrow is 0.1, what is the probability that the shrub will survive? 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. For people in a certain population, the probability of developing lung cancer is 0.12.  If 40% of the population are 
smokers and 90% of those who develop lung cancer are smokers, what is the probability that a smoker in this 
population will develop lung cancer? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. A company that manufactures shoes has 3 factories.  Factory 1 produces 25% of the company’s shoes, Factory 2 
produces 60%, and Factory 3 produces 15%.  One percent of the shoes produced by Factory 1 are mislabeled, 0.5% 
of those produced by Factory 2 are mislabeled, and 2% of those produced by Factory 3 are mislabeled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. If you purchase one pair of shoes made by this company, what is the probability that the shoes are mislabeled? 

 

 

 

 

 

 

b. The shoes are mislabeled; what is the probability that they came from Factory 3? 

 

 

 

 

 

 

 

 



4. Experience shows that the probability that a skin test will indicate the presence of an allergy to a particular substance 
when in fact the patient is not allergic to the substance under study is 0.10.  The probability that the test will not 
detect the allergy in patients who actually are allergic to the substance is 0.15.  Some 30 % of the persons tested are 
actually allergic to the substance.  A patient is selected at random. 

 

 

 

 

 

 

 

 

 

 

 

 

a. What is the false positive rate for this test? 

 

 

 

 

b. What is the false negative rate for this test? 

 

 

 

 

c.  What is the probability that the patient is allergic to the substance given that the test came back positive indicating 
an allergy? 

 

 

 

 

 

 

 

 

 

 



 

 

Bayes’s Rule 
 
Given k mutually exclusive and exhaustive events, B1, B2, …, Bk, such that P(B1) + 
P(B2) + … + P(Bk), and an observed event A, then 
 

 P(Bi A) =     P(Bi ∩ A) 
                   P(A) 
 

 P(Bi A) =     P(Bi) P(A Bi)      

    P(B1) P(A B1) + P(B2) P(A B2) + … + P(Bk) P(A Bk) 
    



INTRODUCTION TO PROBABILITY 
 
 
1.  A fair coin is tossed and a heads or tails is observed.  If a heads is observed, the coin is tossed a 

second time.  If a tails results on the first toss, a fair die is then rolled.  Use a list or a tree diagram to 
illustrate the sample space. 

 

 

 

 

 

 

 

 

2.  The Legend Bank in Bowie, Texas, has five tellers: 1 and 2 are trainees; 3, 4, and 5 are veterans.  
Tellers 2, 3, and 4 are female, and tellers 1 and 5 are male.  At the end of the day, two tellers will be 
randomly selected and all of their transactions for the day will be audited. 

 
a.  Use a list to construct the sample space for this experiment. 

 

 

b.  What is the probability that both trainees will be selected for an audit? 
 

 
 

c.  What is the probability that one male and one female will be selected for the audit? 
 

 
          
 
 
 
 
         
     
         
 

 

 

 

 

 

 

           



Properties of a Binomial Random Variable 
 
 

1.  The experiment consists of n identical trials. 
 
 

2.  Each trial can result in only one of two possible (mutually 
exclusive) outcomes.  One outcome is usually designated 
a success (S) and the other a failure (F). 
 
 

3.  The outcomes of the trials are independent. 
 
 

We are interested in X = the number of successes in n trials 
where X = 0, 1, 2, …n 

 
 
 
 
 
 



1.  A Gallup Poll found that 78% of Americans worry about the quality and healthfulness of their diet.  If four people 
are selected at random,  

 

a. Demonstrate that  X, the number of people who worry about the quality and healthfulness of their diet, is a 
binomial random variable. 

 
 
 
 
 
b. Draw a tree diagram to illustrate the sample space. 

 

 

 

 

 

 

Let’s look at the probability that exactly 3 of the 4 people selected do worry about their diet.   

There are 4 different sets of branches where you have 3 “successes” and 1 “failure”.   

The probability along any one of those branches is (0.78)3 (0.22) 

So  

 P(X = 3) = 4 (0.78)3 (0.22) 

    = (Number of sample points for which X = 3) pnumber of successes qnumber of failures 

Or 

 Binomial Probability Distribution 

 

 P(X = xo) = �𝑛𝑛𝑥𝑥� px qn-x  for X = 0, 1, 2, …, n 

 

 Where 

  p = probability of a success on a single trial 

  q = 1 – p 

  n = number of trials 

  x = number of successes in n trials 

  �𝑛𝑛𝑥𝑥� = 𝑛𝑛!
𝑥𝑥!(𝑛𝑛−𝑥𝑥)!

     

 



2.  United Airline Flight 470 from Denver to St. Louis has an on-time performance of 60% (based on data collected 
from the reservation system).  If 15 such flights over the next week are randomly chosen and their arrival time is 
noted. 

 

Demonstrate that this is a binomial experiment. 

 

 

 

Find the probability that among 15 such flights over the next week, 

 

a. That exactly four arrive on time. 

 

 

b. That fewer than six arrive on time. 

 

 

c. That more than 13 arrive on time. 

 

 

d. That between five and eight, inclusive, arrive on time. 

 

 

e. That more than five but less than ten arrive on time. 

 

 

f. That exactly seven do not arrive on time. 

 

 

g.  That at least six but less than nine do not arrive on time. 

 

 

h. Find the mean number of flights that would arrive on time and the standard deviation for this distribution. 

 

 

 

 



3. A survey found that one out of every six Americans say that he or she has visited a doctor in any given month.  If 
nine people are selected at random, 

 

a. Demonstrate that this is a binomial experiment. 

 

 

 

b. Find the probability that exactly three will have visited a doctor last month. 

 

 

 

c. What is the mean number of Americans who visited the doctor last month? 

 

 

d. What is the standard deviation for this distribution? 

 

 

4. The probability that a patient recovers from a delicate heart operation is 0.87.  If seven patients who had this 
particular operation are randomly chosen, 

 

a. What is the probability that less than two will survive? 

 

 

 

b. On average, we would expect how many to survive? 

 

 

c. What is the standard deviation for this distribution? 

 

 

d. What is the probability that the number that survive is within 2 standard deviations of the mean? 

 

 

 

 

 



5. Albuterol aerosol is manufactured by Warrick Pharmaceuticals, Ltd., and is used to treat and prevent wheezing, 
shortness of breath, and conditions caused by asthma.  Based on a clinical trial, Warrick claims that only 10% of 
patients at least 12 years of age using this medication will experience tachycardia or a rapid heart rate, which is 
considered an adverse reaction.  Suppose 30 people (at least 12 years old) who need this medication are selected at 
random.  Each is given albuterol aerosol, and the number of people who experience tachycardia is recorded. 

 

a. Find the probability that at most 1 person will experience tachycardia. 

 

 

 

 

 

b. Suppose 7 people experience tachycardia.  Is there any evidence to suggest that the company’s claim is wrong?  
Justify your answer. 

 

 

 

 

 



 

BINOMIAL DISTRIBUTION 

 

TI 83 and TI 84 

2nd DISTR (above the VARS key) 

Arrow down to : binompdf    OR  binomcdf 

Hit Return 

binompdf(n, p, x) = P(X = xo)   OR  binomcdf(n, p, x) = P(X ≤ xo) 

 

 

 

TI 89 

CATALOG F3 B 

Arrow down to : binompdf   OR binomcdf 

Hit Return 

binompdf(n, p, x) = P(X = xo)  OR binomcdf(n, p, x) = P(X ≤ xo) 

                    binomcdf(n, p, x1, x2) = P(x1 ≤ X ≤ x2) 

 

 











 

Discrete Random Variables 

 

1. A student has not studied for a pop quiz.  The quiz consists of three True/False questions. 

 

a. Draw a tree diagram illustrating the sample space. 

 

 

 

 

 

 

b.  What is the probability of getting all three correct? 

 

 

c. What is the probability of getting only two correct? 

 

 

d. What is the probability of getting only one correct? 

 

 

e. What is the probability of getting none correct? 

 

 

f. Let X = the number of questions answered correctly.  Fill in the table below with all possible values X may take on 
together with the respective probability associated with those values of X. 

 

X (Number of correct answers)  P(X = xo) 

 

 

 

 

g. Graph this probability distribution. 

 

 

 

 



 

2. Consider the following probability distribution: 

 

X  -4  0  1  3  

P(X = xo) 0.1  0.2  0.4  0.3 

 

a.  Explain why this is or is not a valid probability distribution. 
 

1. 
2. 
 

b. Find P(X = 0). 

 

c. What value of X is most probable? 

 

d. What is the probability of X = -2? 
 
 

3. The Hard Rock Café in Dallas carefully monitors customer orders and has found that 70% of all customers ask for 
some kind of coffee, while the remainder order a specialized tea.  Suppose three customers are selected at random.  
Let the random variable X be the number of customers who order coffee.  Find the probability distribution for X. 

X (Number who order coffee)  P(X = xo) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. “Kids Who Smoke”:  Looking at a particular school, all of the students were asked whether they smoke or not and 
the following information was retrieved. 

 

X (Age) Number of “kids” who smoked  P(X = xo)  P(X ≤ xo) 

      12     11 

  13     32 

      14     58 

      15   119 

      16   170 

     17   260 

 

If a “kid” is randomly chosen from this population, find the probability that 

a. He/she is at most 15 years old. 

 

 

b. He/she is at least 14 years old. 

 

 

c. He/she is at least 13 years old but less than 16 years old. 

 

 

d. He/she is more than 13 years old but less than 16 years old. 

 

 

e.  Find the mean age of the smokers in this population and the standard deviation of this probability distribution. 

 

 

 

 

 

 

 

 

 

 

 



5. A patient complaining of severe stomach pains checked into a local hospital.  After a series of tests, the doctors 
narrowed their diagnosis to four possible ailments.  They believe there is a 40% chance that the patient has hepatitis; 
a 10% chance of cirrhosis; a 45% chance of gallstones; and a 5% chance of cancer of the pancreas.  The doctors are 
certain that the patient has only one of the diseases, but will not know which disease until further tests are performed.  
The cost associated with treating each disease is given in the table below. 

Disease  Hepatitis Cirrhosis Gallstones Pancreatic Cancer 

Cost  $700  $1,100  $3,320  $16,450 

Construct the probability distribution for the cost of treating the patient and calculate the expected or average cost 
of treatment for a patient with these types of symptoms. 

 

  X (Cost of treatment)  P(X = xo) 

 

 

 

 

 

 

 

 

Expected or average cost:_______________________________ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. The exposure time for a tanning session depends on each individual model of sunlamp and the specific equipment, 
as well as skin type.  Most sessions range from 10 to 30 minutes.  Suppose the duration of a tanning session (in 
minutes) at the Paradise Island Day Spa in Augusta, Georgia, is a random variable with probability distribution 
given in the table below. 

 

X  10  12  15  20  25  30  

P(X = xo)  0.30  0.25  0.15  0.12  0.10  0.08 

 

a. Find the mean duration of a tanning session. 
 

 

 

 

 

 

b. Find the standard deviation for this probability distribution. 

 

 

 

 

 

 

c. Find the probability that a randomly selected session has a duration within two standard deviations of the mean. 



Distributions 
 
Gas Mileage 

 
 Quantiles 
100.0% maximum 44.9 
99.5%  44.9 
97.5%  41.6275 
90.0%  40.19 
75.0% quartile 38.375 
50.0% median 37 
25.0% quartile 35.625 
10.0%  33.81 
2.5%  32.1675 
0.5%  30 
0.0% minimum 30 
 Summary Statistics 
Mean 36.994 
Std Dev 2.4178971 
Std Err Mean 0.2417897 
Upper 95% Mean 37.473763 
Lower 95% Mean 36.514237 
N 100 

-2.33

-1.64

-1.28

-0.67

0.0

0.67

1.28

1.64

2.33

0.01

0.04

0.08

0.14

0.25

0.45

0.65

0.82

0.9

0.94

30 35 40 45



 Stem and Leaf 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stem Leaf

 44 9

 43

 42 1

 41 0 0 2

 40 0 1 2 3 5 5 7

 39 0 0 3 4 5 7 8 9

 38 0 1 2 2 3 4 5 6 7 8

 37 0 0 0 0 1 1 1 2 2 3 3 4 4 5 6 6 7 7 8 9 9

 36 0 1 2 3 3 4 4 5 5 6 6 7 7 7 8 8 8 9 9 9

 35 0 1 2 3 5 6 6 7 8 9 9

 34 0 2 4 5 8 8

 33 1 2 6 8 9 9

 32 5 7 9 9

 31 8

 30 0

Count

1

1

3

7

8

10

21

20

11

6

6

4

1

1

30|0 represents 30.0



Assessing Normality 

 

The coronary care unit at Bayonet Point Hospital recently investigated the length of stay (days) of their 
patients.  They took a random sample of patients and their length of stay is reported below. 

 

 5.5  7.5  3.0  5.0  4.0  4.5 

 6.0  5.0  6.5  3.5  4.5  4.5 

 6.5  3.5  4.0  5.0 

 

a. Draw a stem and leaf diagram of the sample data. 

 

 

 

 

b. Calculate the descriptive statistics:  mean, median, standard deviation, upper and lower quartiles. 

 

 

 
 
 
 
 

c. Calculate the PI. 

 

 

 

 

 

d. Calculate the IQR/s. 

 

 

 



e. Examine the probability plot below. 

 
 

 
 

 

f. Do these data suggest that they follow a normal distribution? Go through the stepwise procedure to 
justify your decision. 

 

1 64

-1.28

-0.67

0.0

0.67

1.28

1.64

0.05

0.08

0.12

0.18

0.3

0.45

0.6

0.75

0.84

0.9

0.93

3 4 5 6 7 8



NORMAL DISTRIBUTION 

 

To find probabilities for a given X value: 

TI 83 and TI 84 

2nd  DISTR (above the VARS key) 

Arrow down to : normalcdf 

Hit return 

normalcdf(lower, upper, mean, standard deviation) 

For Infinity use 1EE99 or -1EE99 (located above the comma key) 

 

TI 89 

CATALOG F3 N 

Arrow down to normcdf 

Hit return 

Normcdf(lower, upper, mean, standard deviation) 

Infinity is located above the CATALOG key 

 

To find X values for a given probability: 

Use invnorm(cumulative probability, mean, standard deviation) 

 

 



Normal Distribution 

 

1. Let the random variable Z have a standard normal distribution. 

 

 

a. Find P( -1.33 > Z ) 

 

 

 

 

 

 

b. Find P( Z > 2.59 ) 

 

 

 

 

 

 

c. Find P( -1.56 < Z < -0.56 ) 

 

 

 

 

 

 

d. Find P( Z ≤ -2.00 ∪ Z ≥ 2.00 ) 

 

 

 

 

 

 

 

 

 



2. Let the random variable Z have a standard normal distribution.  Solve each expression for b. 

 

 

a. P( Z ≤ b ) = 0.8686 

 

 

 

 

 

 

 

 

b. P( b < Z ) = 0.0192 

 

 

 

 

 

 

 

 

c. P( -b ≤ Z ≤ b) = 0.5527 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. The physical fitness of a patient is often measured by the patient’s maximum oxygen uptake (recorded in ml/kg).  
The mean maximum oxygen uptake for cardiac patients who regularly participate in sports or exercise programs 
was found to be 24.1 with a standard deviation of 6.30.  Assume this distribution is approximately normal. 

 

 

 

 

 

a. What is the probability that a cardiac patient who regularly participates in sports has a maximum oxygen uptake 
of at least 20 ml/kg? 

 

 

 

 

 

 

 

 

b.  Consider a cardiac patient with a maximum oxygen uptake of 10.5 or less.  Is it likely that this patient 
participates regularly in sports or exercise programs?  Explain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. The ability of unsaturated field soils to retain water is critical to the soil ecosystem.  A team of soil scientists 
investigated the water retention properties of soil cores sample from an uncropped field consisting of silt loam.  At 
a pressure of 0.1 megapascal (MPa), the water content of the soil (measured in m3 of water/ m3 of soil) was 
determined to be approximately normally distributed with a mean of 0.27 and a standard deviation of 0.04.  For a 
soil core at a pressure of 0.1 MPa, what is the probability its water content is less than 0.30 m3/m3? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5. A group of Florida State University psychologists examined the effects of alcohol on the reactions of people to a 
threat.  After obtaining a blood alcohol level (BAL) of at least 0.015, experimental subjects were placed in a room 
and threatened with electric shocks.  Using sophisticated equipment to monitor the subjects’ eye movements, the 
startle response (measured in milliseconds) was recorded for each subject.  The mean and standard deviation of the 
startle responses were 37.9 and 12.4, respectively.  Assume that the startle response, X, for a person with a BAL of 
at least 0.015 is approximately normally distributed. 

 

 

 

 

a. Find the probability that the startle response is between 40 and 50 milliseconds. 

 

 

 

 

 

 

 

 

b. Within what limits would you expect the middle 95% of startle response to fall? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



6. A physical fitness association is including the mile run in their secondary school fitness test for boys.  The time for 
this event for boys in this age group is approximately normally distributed with a mean of 450 seconds and a 
standard deviation of 40 seconds.  If the association wants to give the fastest 10% a gold medal, what time should 
the association set for this criterion? 

 

 

 

 

 

 

 

 

 

 

 

 

7. Ecological Applications (May 1995) published a study on the development of forest following wildfires in the 
Pacific Northwest.  One variable of interest to the researcher was tree diameter at breast height (dbh) 100 years after 
the fire.  The population of Douglas fir trees was shown to have an approximately normal diameter distribution, 
with a mean of 50 cm and a standard deviation of 12 cm.  Find the diameter, d, such that 30% of the Douglas fir 
trees in the population have diameters that exceed d. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8. Dining room chairs come in many different woods, styles, and shapes.  The height of the seat of a randomly selected 
oak dining room chair is approximately normal with mean 85 cm and standard deviation 1.88 cm. 

 

 

 

 

 

a. Find a value h such that 99% of all dining room chairs have a height less than h. 

 

 

 

 

 

b. There is some evidence to suggest that, after five years of use, the mean height of these chairs has decreased, 
due to wear, erosion, and humidity.  Suppose that after five years, the probability that the height is more than 
86 cm is 0.0718.  Find the mean height after five years. 

 

 





 

Sampling Distribution for the Sample Mean, 𝒙𝒙� 

 

Suppose we have a population of size N = 5 consisting of the ages of five children which are as follows: 

 x1 = 6  x2 = 8  x3 = 10  x4 = 12  x5 = 14 

 

Then the distribution of the data is as follows: 

 

    

 f   

  1  

          

    6 8 10 12 14 

     Ages 

 

The population mean, µ is:      The population variance, σ2 is: 

 

 

 

 

 

 

 

 

Let’s draw ALL possible samples of size n = 2 with replacement. 

 

      Second Draw 

      6     8    10    12    14  

First   6   (6,6)   (6,8)   (6,10)   (6,12)   (6,14) 

Draw   8   (8,6)   (8,8)   (8,10)   (8,12)   (8,14) 

 10  (10,6)  (10,8)  (10,10)  (10,12)  (10,14) 

 12  (12,6)  (12,8)  (12,10)  (12,12)  (12,14) 

 14  (14,6)  (14,8)  (14,10)  (14,12)  (14,14) 

 



Construct the probability distribution for the sample mean,  𝑥̅𝑥 , where n=2. 

 

 𝑥̅𝑥   f  P(𝑥̅𝑥 = xo) 

 

 

 

 

 

 

 

 

 

Now the graph of the sampling distribution for 𝑥̅𝑥 is: 

 

      

P(𝑥̅𝑥 = xo)    

      

      

                                                                                          

      6    7    8    9    10    11    12    13    14 

       𝑥̅𝑥 

Mean of the sampling distribution     Variance of the sampling distribution 

      µ𝑥̅𝑥          𝜎𝜎2𝑥̅𝑥 

















 

Confidence Intervals for the Population Mean 

 

1. A car repair business want to know what is the cost of parts for all of his repair jobs.  He randomly selects the 
receipts for parts purchased on 94 different jobs.  The sample mean cost of the parts for these 94 jobs was $31.32 
and the sample standard deviation is $30.42.  Construct a 90% confidence interval for the true mean cost of parts 
for all of his repair jobs. 
 
 
 
 
 
 
 
 
 
 
 
 
 

X:___________________________________________ 
 
 
Assumptions:__________________________________ 
 
_____________________________________________ 
 
_____________________________________________ 
 
 
Reliability Coefficient:___________________________ 
 
 
(____________________________________________) 

Interpretation: 

 

 

 

 

 

 

 

 

 

 

 



2. A quality control engineer in a bakery good plant needs to estimate the mean weight of bags of potato chips which 
are packed by particular machine.  He knows from experience that the population standard deviation is assumed to 
be 0.1 ounce for this particular machine.  He takes a random sample of 36 bags of chips and finds that the sample 
mean weight of these bags is 16.01 ounces.  Construct a 95% confidence interval for the true mean weight of potato 
chip bags which are packed by this machine. 
 
 
 
 
 
 
 
 
 
 
 
 

 
X:___________________________________________ 
 
 
Assumptions:__________________________________ 
 
_____________________________________________ 
 
_____________________________________________ 
 
 
Reliability Coefficient:___________________________ 
 
 
(____________________________________________) 

Interpretation: 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. The U.S. Bureau of Labor Statistics collects and publishes data on employment and hourly earnings in the aircraft 
industry.  Suppose a random sample of 30 people working in the aircraft industry are selected and their mean hourly 
earnings from this sample was $12.01 per hour and the sample standard deviation is $3.25 per hour.  Construct a 
99% confidence interval for the true mean hourly rate for persons in the aircraft industry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

X:___________________________________________ 
 
 
Assumptions:__________________________________ 
 
_____________________________________________ 
 
_____________________________________________ 
 
 
Reliability Coefficient:___________________________ 
 
 
(____________________________________________) 

Interpretation: 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. The Journal of the American Medical Association reported on the results of a National Health Interview Survey 
designed to determine the prevalence of smoking among U.S. adults.  Current smokers (11,000 adults in the sample 
survey) were asked: “on the average, how many cigarettes do you now smoke a day?”  The results yielded the 
following: 

 

Variable     N  Mean  StDev  SE Mean 95.0% C.I.  

Smokers 11,000  20.0  15.05    0.15  (19.7, 20.3) 

 

a. Interpret the 95% confidence interval. 

 

 

 

 

 

 

b. A tobacco industry researcher claims that the mean number of cigarettes smoked per day by regular cigarette 
smokers is 15.  Comment on this claim. 

 
 
 
 
 



Confidence Intervals and Hypothesis Testing 

 

1. Everyone who owns or has access to a computer probably has several passwords for various programs.  Some 
psychologists believe passwords are predictable based on personality traits, and many computer hackers claim that any 
password can be acquired.  In order to study computer security at Spectaguard Acquisition, a special program was 
developed and used to systematically try various passwords for randomly selected user accounts.  A random sample of 
time (in hours) needed to obtain each password is given below.  Find the 94% confidence interval for the true mean 
time. 
 
 1.88  1.71  2.09  6.60  2.28  3.52  2.64 
 4.94  1.78  4.13  2.55  1.66  0.28  4.02 
 4.47  0.68  5.67  0.03  1.89  1.76  2.10 
 6.58  2.30  3.50  2.66  4.92  1.80  4.11 
 2.57  1.64  0.26  4.00  4.49  0.66  5.69 

   

 

   

X:___________________________________________ 
 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 
Reliability Coefficient:___________________________ 
 
(____________________________________________) 

If the assumption is, on average, that it takes 3.5 hours to obtain each password, test this assumption using the confidence 
interval computed above.  Explain why you reached your conclusion. 

 

         Ho_____________________________________ 

         Ha_____________________________________ 

 

         Conclusion______________________________ 

         _______________________________________ 

         _______________________________________ 

 

         Why?__________________________________ 

         _______________________________________ 



2. Most major league baseball parks have a device to measure the speed of every pitch.  The results are often displayed on 
a scoreboard and tracked by coaches.  A random sample of pitches made during the first inning of baseball games 
around the country was selected.  The speed of each pitch (in mph) is given below.  Test at the 5% significance level to 
see if the mean speed is faster than the previous season mean of 84.25 mph.  Assume the data is normally distributed. 

  85 90 82 86 83 88 87 90 92 84 92 90 89 
  90 89 84 87 92 89 86 89 

         
 
     

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

 

 

 

 

 

 

 



3. The mean income per year (in dollars) of employees who produce internal and external newsletters and magazines for 
corporation was reported to be $51,500 in 2006.  These editors and designers work on corporate publications, but not 
on marketing materials.  Due to poor economic conditions and over-supply over the past two years, these corporate 
communications workers may be experiencing a decrease in salary.  A random sample of 38 corporate communications 
workers revealed a sample mean of $49, 762 with a sample standard deviation of $3749.  Test at the 5% significance 
level to determine whether there is any evidence to suggest that the mean income per year of corporate communications 
workers has decreased.       

 

 

       
 X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

Would your conclusion have changed if you had tested at the 1% significance level?  Explain.  

 
 
 
        _______________________________________ 

         _______________________________________ 

         _______________________________________ 

 



4. Most patients in need of a kidney transplant are placed on a dialysis machine.  There is some evidence to suggest that 
the longer a patient remains on dialysis, the worse they fare following a transplant.  A random sample of kidney 
transplant patients was obtained, and the wait time (in months) was recorded. 

 
37.3 38.1 23.6 46.2 32.7 19.1 44.1 22.2 30.6 49.1 48.3 33.1 40.0

 24.6 19.4 43.7 50.1 33.7 36.5 39.4 34.7 48.0 42.3 23.5 

     Assuming normality, construct a 99% confidence interval for the mean wait times. 

 

 

 

      
X:___________________________________________ 
 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 
Reliability Coefficient:___________________________ 
 
 
(____________________________________________) 
 

Use the computed confidence interval to see if the data suggests that the mean waiting time for a kidney transplant has 
changed from the accepted mean time of 45 months.  Test at the 1% significance level. 

 
 

Ho___________________________________ 

         Ha____________________________________ 

 

         Conclusion______________________________ 

         _______________________________________ 

         _______________________________________ 

 

         Why?__________________________________ 

 

 

 



5. According to the document Consumer Expenditures, a publication of the U.S. Bureau of Labor Statistics, the average 
consumer unit spent $2749 on apparel and services in 2010.  This year, 32 consumer units in the Northeast had the 
following annual expenditures, in dollars, on apparel and services. 

 
2292 2470 3033 2699 2286 3236 3246 3205 2624 2747 3701 3042 

3212 2873 3457 2857 2778 3280 2535 3025 3003 2764 3215 2725 

2808 2658 3005 3110 2990 2656 2558 2798      
  

Test at the 1% significance level to determine if this year’s consumer units are spending more on apparel and services 
compared to that in 2010.         

          

       
 X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

Based on your conclusion, what type of error have you subjected yourself to and explain what that error entails based on 
this specific situation. 

 

         _______________________________________ 

         _______________________________________ 

         _______________________________________ 



Confidence Intervals and Hypothesis Testing 

 

1. Everyone who owns or has access to a computer probably has several passwords for various programs.  Some 
psychologists believe passwords are predictable based on personality traits, and many computer hackers claim that any 
password can be acquired.  In order to study computer security at Spectaguard Acquisition, a special program was 
developed and used to systematically try various passwords for randomly selected user accounts.  A random sample of 
time (in hours) needed to obtain each password is given below.  Find the 94% confidence interval for the true mean 
time. 
 
 1.88  1.71  2.09  6.60  2.28  3.52  2.64 
 4.94  1.78  4.13  2.55  1.66  0.28  4.02 
 4.47  0.68  5.67  0.03  1.89  1.76  2.10 
 6.58  2.30  3.50  2.66  4.92  1.80  4.11 
 2.57  1.64  0.26  4.00  4.49  0.66  5.69 

   

 

   

X:___________________________________________ 
 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 
Reliability Coefficient:___________________________ 
 
(____________________________________________) 

If the assumption is, on average, that it takes 3.5 hours to obtain each password, test this assumption using the confidence 
interval computed above.  Explain why you reached your conclusion. 

 

         Ho_____________________________________ 

         Ha_____________________________________ 

 

         Conclusion______________________________ 

         _______________________________________ 

         _______________________________________ 

 

         Why?__________________________________ 

         _______________________________________ 



2. The mean income per year (in dollars) of employees who produce internal and external newsletters and magazines for 
corporation was reported to be $51,500 in 2006.  These editors and designers work on corporate publications, but not 
on marketing materials.  Due to poor economic conditions and over-supply over the past two years, these corporate 
communications workers may be experiencing a decrease in salary.  A random sample of 38 corporate communications 
workers revealed a sample mean of $49, 762 with a sample standard deviation of $3749.  Test at the 5% significance 
level to determine whether there is any evidence to suggest that the mean income per year of corporate communications 
workers has decreased.       

 

 

       
 X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

Would your conclusion have changed if you had tested at the 1% significance level?  Explain.  

 
 
 
        _______________________________________ 

         _______________________________________ 

         _______________________________________ 

 



3. According to the document Consumer Expenditures, a publication of the U.S. Bureau of Labor Statistics, the average 
consumer unit spent $2749 on apparel and services in 2010.  This year, 32 consumer units in the Northeast had the 
following annual expenditures, in dollars, on apparel and services. 

 
2292 2470 3033 2699 2286 3236 3246 3205 2624 2747 3701 3042 

3212 2873 3457 2857 2778 3280 2535 3025 3003 2764 3215 2725 

2808 2658 3005 3110 2990 2656 2558 2798      
  

Test at the 1% significance level to determine if this year’s consumer units are spending more on apparel and services 
compared to that in 2010.         

          

       
 X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

Based on your conclusion, what type of error have you subjected yourself to and explain what that error entails based on 
this specific situation. 

 

         _______________________________________ 

         _______________________________________ 

         _______________________________________ 



Studentized T-Distribution 

1. A large university reports that the mean salary of the parents of an entering class is $91,600.  To see how 
this compares to his university, a presidents surveys 28 randomly selected families and finds that their 
mean income is $78,050 with a standard deviation of $4988.  Assuming the incomes are normally 
distributed, first estimate the true mean parental income by constructing a 95% confidence interval. 

 

 

 

 

 

 

 

X:___________________________________________ 
 
 
Assumptions:__________________________________ 
 
_____________________________________________ 
 
_____________________________________________ 
 
 
Reliability Coefficient:___________________________ 
 
 
(____________________________________________) 

 

Interpretation: 

 

Based on the confidence interval, is there sufficient evidence at the 5% significance level for the president 
to conclude that a difference exists between his university and the large university? 

 

       Ho:_______________________________________ 

       Ha:_______________________________________ 

 

       Conclusion:________________________________ 

       __________________________________________ 

       __________________________________________ 

 

       Why?_____________________________________ 



2. Postmortem interval (PMI) is the elapsed time between death and the performance of an autopsy on the 
cadaver.  Brain and Language (June 1995) reported on the PMIs (hours) of 22 randomly selected human 
brain specimens obtained at autopsy.  The analysis of the data is shown below. 
 
 
Variable N  Mean  StDev  SE Mean        95% CI  
PMI  22  7.300  3.185  0.679     (5.888, 8.712) 
 
 
The acceptable PMI is 7.0 hours.  Does this data suggest that the PMI differs from this level?  Assume 
normality and test at the 5% significance level. 
 
 

X:___________________________________________ 
 
 
Assumptions:__________________________________ 
 
_____________________________________________ 
 
_____________________________________________ 

 
 

       Ho:_______________________________________ 

       Ha:_______________________________________ 

 

       Conclusion:________________________________ 

       __________________________________________ 

       __________________________________________ 

       __________________________________________ 

 

       Why?_____________________________________ 

 

 

 

 

 

 

 

 

 



3. A consumer protection group is concerned that a ketchup manufacturer is filling its 20-oz family size 
containers with less than 20 oz of ketchup.  The group randomly purchases 10 family size bottles of this 
ketchup, weighs the contents of each, and finds the mean weight equal to 19.86 oz and the sample standard 
deviation equal to 0.22 oz.  Do the data provide sufficient evidence for the consumer group to conclude 
that the mean fill per family-size bottle is less than 20 oz at the 5% significance level?  Assume the weights 
follow a normal distribution. 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

If the test were conducted on a periodic basis by the company’s quality control department, is the consumer 
group more concerned about making a Type I or a Type II error? 

 

 

 

The ketchup company is also interested in the mean amount of ketchup per bottle.  It does not wish to 
overfill them.  Which type of error is more serious from the company’s point of view? 

 

 

 



4. Although it is known that the white shark grows to a mean length of 21 feet, a marine biologist believes 
that the great white shark off the Bermuda coast grows much longer due to unusual feeding habits.  These 
shark lengths are assumed to follow a normal distribution. To test the claim, a random sample of 5 full 
grown great white sharks are captured off the Bermuda coast, measured, and then set free.  The sample 
mean length is 22.4 feet and the sample standard deviation is 1.58 feet.  Do the data provide sufficient 
evidence to support the marine biologist’s claim at the 10% significance level? 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

What type of error have you subjected yourself to?  Explain in terms of this particular problem. 

 

 

 

 

Would your conclusion have changed if you had tested at the 5% significance level?  Explain. 

 

 

 

 



5. Most water treatment facilities monitor the quality of their drinking water on an hourly basis.  One variable 
monitored is pH.  One water treatment plant has a target pH of 8.5.  A quality control engineer took a 
random sample of 17 one-hour test results and came up with a sample mean of 8.42 and a sample variance 
of 0.0256.  Does this data provide sufficient evidence that the mean pH level in the water differs from the 
target level?  Assume normality and test at the 1% significance level. 
 
 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

 

 

 

 

 

 

 

 

 

 



6. The mean time between failures (in hours) for a Teletronic company radio used in light aircraft is 420 
hours.  After 15 new radios were modified in an attempt to improve reliability, tests were conducted to 
measure the time between failures for these 15.  Test at the 5% significance level. 

 

 Variable N  Mean  StDev  SE Mean T  Pvalue 

 Hours  15  434.73  18.01  4.65  3.17  0.0034 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 



 

Confidence Intervals and Hypothesis Tests-Unknown Variance and Small Sample Size 

 

1. Most patients in need of a kidney transplant are placed on a dialysis machine.  There is some evidence to suggest 
that the longer a patient remains on dialysis, the worse they fare following a transplant.  A random sample of kidney 
transplant patients was obtained, and the wait time (in months) was recorded. 
 

37.3 38.1 23.6 46.2 32.7 19.1 44.1 22.2 30.6 49.1 48.3 33.1 40.0
 24.6 19.4 43.7 50.1 33.7 36.5 39.4 34.7 48.0 42.3 23.5 

 Assuming normality, construct a 99% confidence interval for the mean wait times. 

 

 

      
X:___________________________________________ 
 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 
Reliability Coefficient:___________________________ 
 
(____________________________________________) 

Use the computed confidence interval to see if the data suggests that the mean waiting time for a kidney transplant has 
changed from the accepted mean time of 45 months.  Test at the 1% significance level. 

 

Ho___________________________________ 

         Ha____________________________________ 

 

         Conclusion______________________________ 

         _______________________________________ 

         _______________________________________ 

 

         Why?__________________________________ 

 

 

 

 



 

2. Most major league baseball parks have a device to measure the speed of every pitch.  The results are often displayed 
on a scoreboard and tracked by coaches.  A random sample of pitches made during the first inning of baseball games 
around the country was selected.  The speed of each pitch (in mph) is given below.  Test at the 5% significance 
level to see if the mean speed is faster than the previous season mean of 84.25 mph.  Assume the data is normally 
distributed. 

  85 90 82 86 83 88 87 90 92 84 92 90 89 
  90 89 84 87 92 89 86 89 

         
 
     

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region_______________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 































 

Hypothesis Testing 

 

The Computer-Assisted Hypnosis Scale (CAHS) is designed to measure a person’s susceptibility to hypnosis.  CAHS 
scores range from 0 (no susceptibility to hypnosis) to 12 (extremely high susceptibility to hypnosis).  Psychological 
Assessment reported that University of Tennessee undergraduates had a mean CAHS score of 4.6.  Suppose you want to 
test whether undergraduates at your university are more susceptible to hypnosis than University of Tennessee 
undergraduates. 

 

a.  Set up Ho and Ha for this test. 

 

 

 

b.  Describe a Type I error for this test. 

 

 

 

c.  Describe a Type II error for this test. 

 

 

 

Traffic on Route 95 in New Hampshire and Maine is slowed by accidents, bad weather, and of course, toll booths.  
Department of Transportation (DOT) officials have decided to conduct a hypothesis test and will add additional toll 
booths if there is evidence to suggest that the mean number of cars passing through the Dover Toll Booth Plaza is more 
than 40,000 vehicles per day. 

a.  Write the null and alternative hypotheses about µ, the mean number of cars passing through the Dover Plaza. 

 

 

 

b.  If a type I error is committed, who is more angry, the DOT officials or drivers, and why? 

 

 

 

c.  If a type II error is committed, who is more angry, the DOT officials or drivers, and why? 

 

 



Hypothesis Tests For One Population Mean, µ 

 

1. White blood cells are the body’s natural defense mechanism against disease and infection.  The mean white blood 
cell count in healthy adults measured as part of a CBC (complete blood count), is approximately 7.5 x 103 
cells/microliter.  A company developing a new drug to treat arthritis pain must check for any side effects.  A random 
sample of 45 patients using the new drug was selected, and the white blood cell count of each patient was measured.  
The sample mean was 7.77 x 103 cells/mcl and the sample standard deviation was 1.21 x 103 cells/mcl.  Test at the 
5% significance level to determine whether there is any change in the mean white blood cell count due to the arthritis 
drug. 
 
 
 
 
 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

What type of error could you have subjected yourself to?  Explain what this means in terms of this particular 
situation. 

 

 

 

 



2. A plantation of red pine seems to be growing slower than expected so the forest manager decided to take a random 
sample of 49 saplings and measure the seasonal diameter growth on these 49 samplings.  The mean seasonal 
diameter growth from the sample was 21 mm and the sample standard deviation for this seasonal diameter growth 
was 11 mm.  Can it be concluded from these data that the mean seasonal diameter growth for this particular 
plantation is less than the 30 mm of growth that the manager expected?  Test at the 5% significance level. 
 
 
 
 
 
 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

What type of error could you have subjected yourself to?  Explain what this means in terms of this particular 
situation. 

 

 

 

 Would your conclusion have changed if you had tested at the 1% significance level?  Explain. 

 

 

 



3. Today’s society is concerned about fat content.  Researchers conducted a study on the amount of butterfat in milk 
to determine if it is greater than 3.5 points which has been deemed an acceptable level.  Tests for butterfat content 
were performed on milk from a random sample of 20 Holstein dairy cows.  The sample mean amount of butterfat 
in the milk was 3.88points.  Work in this area has assumed that the population standard deviation is expected to be 
0.42 points and the butterfat content for these cows follows a normal distribution.  Test at the 10% significance 
level to determine if this herd of Holstein dairy cows produce milk with a butterfat content which is higher than the 
acceptable level. 
 
 
 
 
 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Rejection Region________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

 

 

 

 

 

 

 



4. Research reported in the Journal of Psychology studied the personality characteristics of obese individuals.  One 
variable, the locus of control (LOC) measures the individual’s degree of belief that he or she has control over 
situations.  High scores on the LOC scale indicate less perceived control.  For one random sample of 49 obese 
adolescents, the sample data collected is shown summarized in the output below.  Suppose we wish to test whether 
the mean LOC score for all obese adolescents exceeds 10, the average for “normal weight” individuals.  Test at the 
1% significance. 

Variable N Mean  StDEV  SE MEAN    Z  PValue 

LOC  49 10.89   2.48     0.354  2.512  0.006 

 

 

 

X:___________________________________________ 

 

Assumptions:__________________________________ 

        _____________________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        Ho___________________________________________ 

        Ha___________________________________________ 

 

        Test Statistic___________________________________ 

 

        Conclusion____________________________________ 

        _____________________________________________ 

        _____________________________________________ 

 

        P-Value_______________________________________ 

 

 

 

 

 

 



Optimal Sample Size 

 

1. Suppose you wish to estimate the true mean weight of the liver of full-grown frogs of a certain variety correct to 
within plus or minus 0.1 g.  Each frog costs $6 and there is $300 available for purchase.  If frog liver weights are 
normally distributed and a population standard deviation of 0.35 g is assumed and you want to be 98% confident, 
is the amount allotted sufficient?  

 

 

 

 

 

 

 

b. If the amount is not sufficient, hold your confidence level constant and calculate the needed confidence interval   
width. 

 

 

 

 

 

 

 

 

c.  If the amounts is not sufficient, hold your confidence interval width constant and calculate your new confidence 
level. 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. In a field study one wished to obtain a 95% confidence interval to estimate the mean leaf length on a particular 
species’ mature leaves.  They want a maximum error of 2 mm.  Because they have no idea what the population 
standard deviation is, a pilot sample of 5 leaves was taken; the sample standard deviation of these 5 leaf lengths 
was 4.1 mm.  Assuming the leaf lengths follow a normal distribution, how many more leaves do they need to 
sample? 

 

 

 

 

 

 

 

b. If budget restrictions allow only a total sample of size 20 and they still want to be 95% confident, what is the new   
maximum error? 

 

 

 

 

 

 

 

 

c.  If again the total sample size has to be 20 leaves and the maximum error must remain at 2 mm, what must the 
confidence level be? 

 

 

 





Population of experiment units 

↓ 

Sampling experiment 

↓ 

Sample of experimental units 
 

 ↓       ↓       ↓ 

                  

Apply factor-level  Apply factor-level  Apply factor-level 
   combination 1      combination 2       combination p 

 ↓      ↓      ↓  
 

Treatment 1     Treatment 2     Treatment p 

    sample          sample  …        sample 

 ↓     ↓     ↓ 
 

Responses for   Responses for   Responses for 

  treatment 1     treatment 2 …    treatment p 
 

 

 

 

 

 

 

 

 

 

 



A quality control supervisor measures the quality of steel ingots on a scale from 1 to 10.  He designs an experiment in which 
three different temperatures (ranging from 1,100 to 1,200 oF) and five different pressures (ranging from 500 to 600 psi) are 
utilized, with 20 ingots produced at each Temperature-Pressure combination.  Identify the following elements of the 
experiment. 

a.  Response variable 

 

b. Factor(s) and factor level(s) 

 

c. Treatments 

 

d. Experimental units 

 

A medical researcher wants to compare the effectiveness of three different medications to lower the cholesterol of patients 
with high blood cholesterol levels.  He assigns 60 individuals at random equally to each of the 3 medication treatments and 
records the reductions in cholesterol for each patient.  Below is a figure which displays the sample means.  Identify the 
following elements of the experiment. 

 

 

 
a. Response variable 

 

b. Factor and factor level(s) 

 

c. Treatments 

 

d. Experimental units 
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Medication 1 Medication 2 Medication 3

Cholesterol Reduction 



 
The Completely Randomized Design 

 
A partially completed ANOVA table for a completely randomized design is shown below: 
 

Source   df    SS   MS     F  
Treatments   6  18.4  ___  ___ 
Error  __  ___  ___ 
Total  41  45.2 

 

a. Complete the ANOVA table. 
 

 

b. How many treatments are involved in the experiment? 
 

 

c. What is the sample size? 

 

 

d. Do the data provide sufficient evidence to indicate a difference among the population means?  Test at the 5% 
significance level. 

 

Ho:_________________________________________________ 

Ha:_________________________________________________ 

____________________________________________________ 

 

Test Statistic:_________________________________________ 

 

P-Value:_____________________________________________ 

 

Conclusion:__________________________________________ 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 

 

 

 

 



Studies conducted at the University of Melbourne in Australia indicate that there may be a difference between the pain 
thresholds of blondes and brunettes.  Men and women of various ages were divided into four categories according to hair 
color:  light blond, dark blond, light brunette, and dark brunette.  The purpose of the experiment was to determine whether 
hair color is related to the amount of pain evoked by common types of mishaps and assorted types of trauma.  Each person 
in the experiment was given a pain threshold score based on his or her performance in a pain sensitivity test (the higher the 
score, the higher the person’s pain tolerance).  SAS was used to conduct the analysis of variance of the data listed below. 

 

   Light Blond      Dark Blond  Light Brunette  Dark Brunette  

  62   63   42   32 

  60   57   50   39 

  71   52   41   51 

  55   41   37   30 

  48   43   40   35  

Sample Mean: 

 

Identify the following: 

 

a. Response Variable 

 

b. Factor and Factor Level(s) 
 

 
c. Number of Treatments 

 

d. Experimental Units 
 
 

List the assumptions for a valid analysis of the completely randomized design. 

 

       ____________________________________________________ 

       ____________________________________________________ 

       ____________________________________________________ 

 

 

 

 
 



Using the output, test at the 5% significance level to determine whether the mean pain thresholds differ among people 
possessing the four types of hair color. 

 Source  df  SS  MS  F  Pvalue 

 Model    3  1414.50  471.38  7.49  0.0024 

 Error  16  1006.80    62.93 

 Total  19  2421.35   

Ho:_________________________________________________ 

Ha:_________________________________________________ 

____________________________________________________ 

____________________________________________________ 

P-Value:_____________________________________________ 

Conclusion:__________________________________________ 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 

The next step is to conduct a multiple comparison test. 

a. How many confidence intervals do you need? 

 

b. Arrange your sample means in order of magnitude. 
 

 

c. Conduct a Bonferroni multiple comparison test where the experiment wise error rate is 5%. 

 

 

 

 

 

 

 

 

 

 

 

 



d. Display the results of your multiple comparison test. 

 

 

 

 

e. Write your final conclusion. 
 

Conclusion:__________________________________________ 

____________________________________________________ 

____________________________________________________ 

____________________________________________________ 



Randomized Designs 

 

A new all-purpose cleaner is being test-marketed by placing sales displays in three different locations within various 
supermarkets.  The number of bottles sold from each location within each of the supermarkets tested is reported below. 

     Locations 

   I   II   III 

   40   32   45 

   35   38   48 

   44   30   50 

   38   35   52 

Sample Mean  39.25   33.75   48.75 

 

The following analysis of variance table was constructed for this data. 

  Source  df  SS  MS  F  P-value 

  Model    2  460.7  230.4  19.52  .0005 

  Error    9  106.2  11.8 

  Total  11  566.9 

Identify the following: 

a. Response Variable 

 

 

b. Factor and Factor Level(s) 
 
 
 
c. Number of Treatments 

 
 

 
d. Experimental Units 

 

 

List the assumptions for a valid analysis of a completely randomized design 

 

       ____________________________________________________ 

       ____________________________________________________ 

       ____________________________________________________ 

 

 



Using the output, test at the 2.5% significance level to determine if there is any difference in the mean number of bottles 
sold based on location. 

       Ho:_________________________________________________ 

 

       Ha:_________________________________________________ 

 

       ____________________________________________________ 

 

       ____________________________________________________ 

 

       P-Value:_____________________________________________ 

 

       Conclusion:__________________________________________ 

 

       ____________________________________________________ 

 

       ____________________________________________________ 

 

       ____________________________________________________ 

 

The next step is to conduct a multiple comparison test. 

 

a.  How many confidence intervals do you need? 

 

 

 

 

b. Arrange your sample means in order of magnitude. 
 

 

 

 

 

 

 

 

 



c.  Conduct a Bonferroni multiple comparison test where the experiment wise error rate is 0.025. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d.  Display the results of your multiple comparison test. 

 

 

 

 

 

e. Write your final conclusion. 
 

       Conclusion:__________________________________________ 

       ____________________________________________________ 

       ____________________________________________________ 

       ____________________________________________________ 

        





























Complete the following ANOVA table. 

Source    df      SS  MS    F  pvalue 

A      4    _____  40.66  _____  _____ 

B      2    _____  _____  _____  _____ 

AxB  ___    144.23  _____  _____  _____ 

Error   75  1206.87  _____  

Total   89  1670.28 

 

Test for a significant interact at the 5% significance level. 

Ho: _________________________________________________ 

Ha: _________________________________________________ 

 

Pvalue: _____________________________________________ 

 

Conclusion: __________________________________________ 

____________________________________________________ 

____________________________________________________ 

 

Test for significant main effects at the 5% significance level. 

A:     Ho: _________________________________________________ 

Ha: _________________________________________________ 

 

Pvalue: _____________________________________________ 

 

Conclusion: __________________________________________ 

____________________________________________________ 

____________________________________________________ 

 

B:     Ho: _________________________________________________ 

Ha: _________________________________________________ 

 

Pvalue: _____________________________________________ 

 

Conclusion: __________________________________________ 

____________________________________________________ 

____________________________________________________ 




