
Amtrak
Minitab Project 2

Gathering the data (10 points)

Due to the short amount of time left in the semester, the instructor has already gathered
the data for you.  The 10 points for gathering the data will be merged in with the 35
points for the inferential statistics.  For purposes of recording the score on your score
sheet, consider the first 10 points of the grade to be for the data collection and the rest of
it to be for the inferential statistics portion.  For example, if you get 38 out 45, then
record 10 for the collection part and 28 for the inferential statistics.

Open the worksheet amtrak.mtw from the R:\01\AMTRAK directory.

Save your project into the R:\01\AMTRAK directory using a filename that is unique to
your group.

Data Dictionary

Here are the variables names and descriptions that you will need for this project.

amtrak.mtw
variable description
train train number
date date of travel
depart minutes late at departure
arrive minutes late at arrival
delay delay incurred during the trip (difference between arrive and depart).
destination destination of the train (Chicago or St Louis)

Inferential Statistics (35 45 points)

You should create a Word document for your final project.  Begin each question by
retyping the question and making it a heading so that your results are organized.

You should copy any appropriate output from Minitab into Word and then add comments
to explain what you're doing and what the results mean.  Each time you are conducting a
hypothesis test, be sure to include the null and alternative hypotheses in your analysis.

When you are completely done with the project, print it out and give it to the instructor.



Question 1: Is the data normally distributed?

All of the parametric hypothesis testing involves normality in some way or another. 
Most of what we'll be working with on this project involves means and since the sample
size is small, the central limit theorem doesn't apply.  Perform a normality check on each
of the variables for each of the directions and see if the data is normally distributed.  
Also include the descriptive statistics for each of the variables.

Create a table that summarizes the results.

1. Do descriptive statistics on departure delay, arrival delay, and delay during the
trip.  Find the descriptive statistics by the destination.

2. Now split the worksheet by destination.  Use the Manip / Split Worksheet
command.  This will create two additional worksheets, one that just has the data
for the St. Louis to Chicago run and one that has the data for the Chicago to St.
Louis run.

3. Select the destination=Chicago (from St. Louis to Chicago) worksheet and
perform a three normality tests, one for the minutes late upon departure and arrival
and the delay during the trip.  Record the p-value and the results in a table.

4. Repeat step 3 with the destination=St  Louis (from Chicago to St. Louis) data.

You will need to use the appropriate tests depending on whether or not your data is
normally distributed, so make sure that you answer this question correctly.

Make a table something like this in Word.

Summary Statistics

Variable mean st. dev Normal?
(p-value)

Minutes late departing St. Louis 47.90 49.20 Yes
(0.107)

Minutes late arriving in Chicago 69.80 63.70 Yes
(0.375)

Delay during trip from St. Louis to
Chicago

21.83 22.73 Yes
(0.805)

(repeat above except for Chicago to St.
Louis)



Question 2: Do trains going from St. Louis to Chicago experience more delay than
trains going from Chicago to St. Louis?

1. Switch windows so that all the Amtrak data is showing.
2. This is a test about two independent means with small sample sizes, so we first of

all need to determine if the variances are equal.  If both of the in-trip delays were
normally distributed (see question 1), then use the F-test results and if not, use the
Levene's test results.  In either case, look at the p-value and determine whether the
variances are equal or not.

3. Perform a 2 sample t test on the delay with the destination as the subscript
variables.  Check the "assume equal variances" box if your two variance test (step
2) showed that the variances were equal.  Be sure to adjust the alternative
hypothesis to reflect the question asked.

Put this all into Word and annotate.  Something like this, but use your own words ...

Checking equality of variances
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Since the delays incurred during the trip from Chicago to St. Louis were not
normally distributed, we need to use Levene's test to determine whether or not
their variances are equal.  The p-value from the Levene's test for equal
variances is 0.131, so we fail to reject the null hypothesis and assume that the
variances are equal.

Checking the mean delays during the trip

The original claim is that there is more delay when the destination is Chicago
than when the destination is St. Louis.  The original claim is , which isC Sµ µ>
the alternative hypothesis and this is a right tail test.
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The results from Minitab are:
Two-sample T for delay



destinat     N      Mean     StDev   SE Mean
Chicago     12      21.8      22.7       6.6
St Louis    12      14.4      16.6       4.8

Difference = mu (Chicago ) - mu (St Louis)
Estimate for difference:  7.42
95% lower bound for difference: -6.54
T-Test of difference = 0 (vs >): T-Value = 0.91  P-Value = 0.186  DF = 22
Both use Pooled StDev = 19.9

Since the p-value of 0.186 is greater than our significance level of 0.05, we fail to
reject the null hypothesis.

There is insufficient evidence to support the claim that there is more delay
incurred on the trips from St. Louis to Chicago than on the trips from Chicago to
St. Louis.

Question 3: Test the claim that the average train from St. Louis to Chicago arrives
an hour later than scheduled.

This is a test about a single population mean.  

1. Select the worksheet that contains the destination=Chicago data.
2. Perform a one-sample t test to test the claim that the average arrival time is 60

minutes late.  Make sure the alternative hypothesis is set correctly.

Copy the output into Word and explain the results.  Comment about the confidence
interval and what it means as far as what travelers can expect for their arrival into
Chicago.

Question 4: Test the claim that there is correlation between the departure delay and
the delay incurred during the trip.  If there is correlation, then find the regression
equation and estimate the in-trip delay for a train that leaves 30 minutes late.

This might not seem at first like a logical thing to be comparing.  However, when a train
is not on schedule (it departs late), then it has to make adjustments as it travels down the
track to let other trains pass that are on schedule.  So it seems like it might be a spiraling
effect.  The train leaves late and gets even later as it goes.  Another piece of anecdotal
evidence can been seen by looking at the delays during the trip.  Notice that when the
train leaves St. Louis, it often does so late, while trains leaving Chicago almost always
leave on time.  The delays for those trains arriving in Chicago are greater than those
arriving in St. Louis.



This is a claim about correlation and then regression if there is significant linear
correlation.

1. Select the worksheet containing all of the data for Amtrak.
2. Find the correlation between the departure delay and the delay incurred during the

trip.  Look at the p-value for the correlation and decide whether or not to run the
regression.

3. If there is correlation, then find the regression where the response variable is the
in-trip delay and the predictor variable is the departure delay.  Generate a normal
probability plot of the residuals from the graphs option under regression. 

4. If there is not correlation, then the best model is  (replace the  by theŷ y= ŷ
name of the variable and the  by the appropriate mean that you found iny
question 1).

5. Plug 30 for the departure delay into the proper equation (step 3 or 4) and estimate
the delay during the trip.

Copy all of the Minitab output into Word.  If you found there was significant linear
correlation, then copy the normal probability plot for the residuals into Word and
comment on the normality of the residuals.

Question 5: Test the claim that there is no difference in the delays incurred during
the trip for the six different trains.

This is a test about six population means, so we need to use the One-Way Analysis of
Variance.

1. Select the worksheet that contains all of the Amtrak data.
2. Conduct a one-way ANOVA where the response variable is the delay during the

trip and the factor is the train number.

Copy the ANOVA table and confidence intervals from Minitab into Word and comment
on the results.

Question 6: Conduct a two-way analysis of variance on the data and fully interpret
the results.  Use the in-trip delay as the response variable and the date and
destination as the factors.

There are three sets of hypotheses that are conducted when the two-way ANOVA is
conducted.  The first is to see if there is a difference in the delays of the different dates
(were some days worse than others?)  The second checks to see if there is a difference in



the delays of the destinations (is Chicago or St. Louis worse).  The third checks for
interaction between the two (date and destination).

1. Select the worksheet that contains all of the Amtrak data.
2. Go to ANOVA / Two-Way.
3. Choose the in-trip delay for the response variable, the date for the row factor, and

the destination for the column factor.  Check the boxes to display the means.

Copy all of the output including the confidence intervals from Minitab into Word.  

Part of fully describing the results would be to explain how the degrees of freedom are
determined, for example: "There are five days so there are four degrees of freedom for
the date".  Be sure to answer each of the three different sets of hypotheses and if there is
a significant difference for either of the first two, then look at the confidence intervals
and determine where the differences lie.

Evaluations (5 points)

Each student should do the following.  This portion is not a group effort, it is an
individual activity.  It must be typed and printed, no handwritten papers.

! Put your name and section at the top of the paper
! For each person in your group (including yourself), give their name and assign

them a score between 0 (lowest) and 5 (highest) for their effort in making this
project a success.  Then write a short paragraph about what each person
contributed and why they deserve the grade you're giving them.

Example Evaluation:

Steve Jackson – 5
I am a hard worker who really knew how to use the computer to do Minitab and Word.  I
wasn't very good at understanding the statistical side of things but I was a good organizer
and kept us on task.  I was always there and stayed late a few times.

Bob Smith – 1
Bob is a bum!  I don't know why I ever picked him to be in my group.  I should have
known better than to pick the person who sat next to me as a partner.  Bob missed half of
the class periods we spent working on this project.  When we did work together in class,
he was playing on his cell phone instead of helping with the project.  The only reason he
gets 1 point is because he knew that a p-value < 0.05 meant to reject the null hypothesis.



Desiderius Erasmus – 4
Erasmus (he doesn't like his first name for some reason) was a big help.  He was always
spouting off something about pacifism and tolerance and really helped keep the peace
between Bob and I.  He totally nailed the null and alternative hypotheses and knew
whether it was a left tail test, right tail test, or two-tail test.  The only reason I'm not
giving him a 5 is because he kept on writing notes about praising folly and talked about
the ironies of man's vanities.  Way too intellectual for me.

Due Dates

This project and the evaluations are due Wednesday, July 30, 2003.


