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(Sample Chapter)

Workout 18: Interviewing Passengers - GEOMETRIC Distribution
Purpose: to use the Geometric Distribution as a special case of the Negative
Binomial Distribution. The case stipulates that the number of successes is
restricted to 1 or r = 1. The workout will simulate the workload of a fieldworker
conducting interviews with passengers in an airport. The fieldworker will have
to keep requesting passengers to respond to a questionnaire and who refuse
until one is found who does not. This is the "1" success that the Geometric
distribution requires. To get samples from the Geometric Distribution we will
use the inverse distribution formulas found in the workbook The Geometric
Distribution in the Workouts Folder.
Problem statement: a fieldworker has been given a set of questionnaires to fill
as part of a survey. The survey hopes to poll the views of passengers regarding
their experience with airline food. The location of interviews is the area in an
airport which the passengers traverse just after exiting from the aircraft. The
fieldworker randomly selects respondents (passengers). At the end of the day,
she gets paid according to the number of completed interviews.
The number of interviews she can conduct depends on the success she has
when requesting passengers: do they wish to be interviewed? Her success rate
in this hall has been 1 in 10 so far. We need to simulate her activities to assess
the number of interviews she can complete. Here are the activities that make
up her work:
a) The time it takes to spot the next passenger leaving the aircraft is constant.
b) The time it takes to greet the passenger and request permission to conduct
an interview is also constant.
c) The time it takes to conduct an interview is normally distributed and not
fixed since some questions have to be rephrased or posed again while others
may be skipped.
The Geometric Distribution adequately covers this case. We shall use the
Negative Binomial Distribution with s = r = 1 to sample the number of failed
attempts as the Geometric Distribution is a special case of the Negative
Binomial.
The Procedure
Step 1: create a new workbook and name it as you wish. In the Workouts
Folder there is a fully solved model called Interviewing Passengers
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(GEOMETRIC). Create the standard sheets for simulation: Model, Results and
Constants.
Step 2: keep the current workbook open and open the workbook The
Geometric Distribution found in the Workouts Folder. Right click on the
"Geometric" sheet and copy it to your current workbook. To do that, ensure
that the entry under "Move selected sheets To book:" is pointing to your
current workbook (otherwise it will point to the Geometric Distribution
workbook).
In the Geometric sheet:
a) Let B1 = 1 so the Negative Binomial Distribution will be reduced to the
Geometric Distribution.
b) Use the spinner to set p in B2 = 0.3. B3 will be calculated automatically.
Use INDEX() / MATCH() in the formulation to sample the Negative Binomial
Distribution to give us Geometric samples.
Step 3: to prepare the Constants sheet, follow the steps below for the
following constants:

row 15 shows the formula in B13.
We have 3 activities that need to be "timed":
1) B2 is the time in minutes needed to identify a passenger. This is fixed and
not based on a probabilistic value.
2) B3 is the time in minutes needed to ask the passenger's permission to
conduct an interview. This is fixed and not based on a probabilistic value.
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3) B6 and B7 specify the mean and standard deviation of the time in minutes
needed to conduct an interview.
4) B10 is the probability of success in interviewing passengers. In our model
this is 0.30 and is the result reached from previous investigations: how many
passengers were interviewed out of those who were asked. This is p in the
Negative Binomial Formula. To ensure that the Geometric sheet is not
disturbed, we set B2 = 0.3 in the Geometric sheet and point B10 to it:
B10 = Geometric!$B$2
5) B11 is the failure rate or q = 1 - p. We include that because some of our
formulas are expressed in q.
6) B12 is RAND() to be used when sampling the Geometric Distribution.
7) B13 is the inverse cumulative function for the Geometric Distribution. It is
derived from the mathematical formula for the Geometric Distribution. (See
the derivation in the Appendix in Chapter 14.0).
We included an INT() function to truncate the fractional result since we are
concerned with discrete values:
B13 = INDEX(Geometric!$A$42:$A$72, IFNA(MATCH(B12,
Geometric!$B$42:$B$72),0)+1)
This can be read as follows:
a) B12 is the RAND() function
b) A42:A72 and B42:B72 refer to the Cumulative Distribution of the
Negative Binomial with r = 1 and p = 0.3.
c) B13 is the value we use to count passengers who refuse to be
interviewed before we find someone who is willing to get interviewed.
Step 4: prepare the Model sheet. This is a simple formulation. Enter the labels
in the range A1:A5 and then enter the values and formulas in B1:B5 which will
be explained below the image:

1) The number of failed attempts before the fieldworker finds a passenger
willing to get interviewed. It was discussed above and was sampled in B13 in
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the Constants sheet. Press F9 a few times to ensure that it is giving reasonable
values. Color this green because it is a changing input variable.
B1 = Constants!B13
2) The total time needed to identify passengers. It is the product of the
number of failed attempts in B1 by the time needed to identify a passenger.
The time is constant and is found in B2 in the Constants sheet. We have to add
1 to include the time taken to identify the successful attempt or the
interviewee who accepted to get interviewed.
B2 = (1+B1) * Constants!B2
3) The total time needed to ask permission from passengers. It is the product
of the number of failed attempts in B1 by the time needed to ask permission to
conduct an interview. The latter is in B3 in the Constants sheet. We have to
add 1 to include the time taken to ask permission from the interviewee who
accepted to get interviewed.
B3 =(1+B1) * Constants!B3
4) The time taken to conduct the interview. This is sampled from a Normal
Distribution. The mean and standard deviation are found in B6 and B7 in the
Constants sheet. Color this green because it is a changing input variable.
B4 = NORM.INV(RAND(), Constants!$B$6, Constants!$B$7)
5) The total time needed for the interview including the first 3 durations is:
B5 = SUM(B2:B4)
Color this blue because it is our output or result.
Step 4: prepare the runs block in A7:B1007. We use the standard procedure for
WHAT IF analysis as follows:
a) Let A7 = Run ID and use the autofill facility in Excel to generate the sequence
1, 2... 1000 in the range A8:A1007.
b) Let B7 = B5, the total time as calculated earlier. Color it blue because it is a
result. This is the top right hand corner in the WHAT IF table.
c) Select the range A7:B1007 which is the WHAT IF table.
d) Select the menu item DATA / DATA TOOLS / WHAT IF ANALYSIS and choose
DATA TABLE.
e) Click in the "Column input cell" field then click anywhere in the sheet then
press OK. Excel will fill A7:B1007 with the randomly resulting total time.
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Here is a sample of the table showing the first 10 runs:

Step 5: since the fieldworker has to find out if the job is worth the effort or
not, she needs to know how many interviews can be conducted in one working
day of 8 hours. On the Model sheet, we can introduce two monitoring cells in
the range H1:I3:

a) The average number of minutes per interview is: F1 = AVERAGE(B8:B1007).
b) F2 = the number of minutes per day is shown = 8 * 60 = 480.
c) F3 = the number of interviews per day = 480 / the average in F1. It turns out
to be around 19.
Step 6: copy the range B8:B1007 in the Model sheet and paste it "as values" in
the Results sheet starting in A1. (There is no need to copy B7 as that it has
been placed there for the use of the WHAT IF procedure).
Step 7: we will analyze the frequency of total interview time (including the
wasted time just before each) and the cumulative %. This is found in the range
B:B1007 in the Model sheet. It should be pasted into A2:A1001 in the Results
sheet.
Let the label of the results in A1 be “Timing”.
Follow the standard procedure we have been following in this eBook (and
detailed in Chapter 11 of Part 1 of this eBook):
a) Prepare the Bins
b) Prepare the Pareto Chart
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c) Prepare the Descriptive Statistics table (using the Analysis Toolpack)
Distribution of Total Interview Timings
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Our astute fieldworker immediately realizes that the mean is not a useful
measure because the resulting distribution is not symmetrical. She can apply
two analyses:
The mode in the listed descriptive statics shows #N / A and the reason is
simple. It is because the timings in A2:A1001 were calculated to a high
precision. The chance of finding repeated measures is low. However, it can be
calculated manually from the frequency table which shows the highest “bar” to
be for the X variable = 21 minutes.
The simulation shows that she would be conducting most interviews at a
shorter time than the mean at around 25 minutes. This can be confirmed by
reviewing the chart which shows a right skewed curve. The cumulative plot
shows that 60% of the interviews took less time than 25, the mean of the
whole 1000 interviews.
However, the above is misleading. If you consider 90% in the cumulative %
column, it shows that this crosses the frequency plot at between 35 and 37
minutes. (This can also be confirmed on the cumulative plot, but less
accurately). The skewness of the plot is high (1.64 in the descriptive statistics).
This means that even if the fieldworker uses the mode to assess her
productivity, 90% of the time the average timing will be below 36 minutes (or
480 / 36 = 13.33) interviews per day, a far shot from the mean and the mode.
Which one should she believe? The cumulative distribution makes more sense
since it includes other values. The Mode does not inform us about how many
runs are above or below it.
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