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1 Designing and Carrying Out a Statistical
Study

Software Notes:

Excel

Although it is not as robust as standard statistical software, Microsoft Excel is widely
used for routine statistical analysis, particularly in business. We assume some familiarity
with Excel and there are many Excel tutorials available online if you need a refresher. It
is difficult to perform resampling or bootstrapping using Excel alone, so we make
available two software packages (Box Sampler and Resampling Stats) as Excel add-ins
for this purpose.

Box Sampler

Box Sampler is freeware and runs on Windows using Microsoft Excel. Box Sampler
works with Excel versions 2003, 2007, and 2010. It is recommended that you start or
load Box Sampler from the Start>Programs menu or from the desktop icon (if the icon is
installed). We do NOT recommend loading Box Sampler from the Excel Add-ins dialog,
using found in the Excel Tools or Options menu. If you do not have Box Sampler
downloaded, you can use the following link to download the software:

Installation is simple, but you do need to enable macros in Excel for Box Sampler to
work properly. If you don’t know how to enable macros, see the Resampling Stats
instructions on the Resampling Stats download page (the link is below) for instructions
specific to your version of Excel.

Box Sampler is somewhat slow in execution and is limited to a Sample Size of 200, but
the program provides an excellent visual representation of resampling procedures. If you
are using Excel 2003, Box Sampler will have its own menu entry at the top of the Excel
worksheet. If you are using Excel 2007 or Excel 2010, the Box Sampler menu is found
in the Excel Add-ins ribbon menu at the top of the worksheet. Box Sampler can be found
in the left panel in the Add-ins menu. A Box Sampler toolbar will appear in all versions
of Excel.

Resampling Stats

Resampling Stats is a commercial software package. We will provide you with a 180-
day license at no additional charge in order for you to complete your homework
assignments. You can download Resampling Stats from the links provided in the
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software section from Lesson 1 in your course. Resampling Stats 2003 works with Excel
2003 (and earlier versions of Excel) and Resampling Stats 2007 works with Excel 2007,
Excel 2010 and Excel 2013.

If you have not already downloaded Resampling, you can use the link below this
paragraph to access the download page.

http://www.resample.com/

Please follow all the installation instructions in Steps 1 and 2 on the linked page above
for your version of Excel. You must enable both Analysis Toolpak add-ins and enable
macros in order for the Resampling Stats add-in to function properly.

If you have questions or receive an error message, please visit the following page:
http://www.resample.com/troubleshooting.shtml

If you have followed the directions on both pages carefully and you still receive an error
message, please contact: stats@resample.com for help.

The Resampling menu is found in the Tools menu in Excel 2003 or in the Add-ins ribbon
menu in Excel 2007, Excel 2010 or Excel 2013. The Resampling menu will be in the left
panel of the Add-ins menu. Resampling Stats will display a toolbar in all versions of
Excel. If you are using Excel 2013, all references to Excel 2010 should work properly
for you.

NOTE: We do NOT recommend starting either Box Sampler or Resampling Stats using
the Excel Add-ins menu. Please use the desktop icons (if installed) or the
Start>Programs menu to load the desired program. You may also start Excel and load
either Box Sampler or Resampling Stats from the File menu. It may be necessary to
navigate to the proper folder where the programs are installed. Usually the Box Sampler
and Resampling Stats folders are found in the C:\Program Files directory.

StatCrunch

StatCrunch is a very powerful statistics package that can solve many resampling or
bootstrapping problems. In addition StatCrunch has many formula based statistical
functions. You must visit the StatCrunch website, http://www.statcrunch.com/ and
purchase a license. The cost is very reasonable. One major advantage of StatCrunch is
that the program is Java-based and will work on the Mac, Windows, and Linux platforms.
However, it is not quite as flexible as Resampling Stats when using resampling for more
complex problems.

Note: There are now two versions of StatCrunch, the classic version and the new
version. The supplement illustrates the NEW version of StatCrunch. The new version
has some differences in the dialogs and menus when compared with the classic version,
but the commands are identical in both versions and the appropriate dialog buttons and
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edit boxes, while having different styles and captions in some instances, are analogous.
The author prefers the classic version of StatCrunch and has had both versions running
successfully on the Mac (OSX 10.8.x) and Windows (XP, 7, 8) operating systems using
Safari, FireFox and Chrome. It is important to update your java platform to the latest
version and to allow java plug-ins to run in your browser. Please read the online help
available on the StatCrunch website for further information.

Using the Supplement

This textbook supplement is aligned closely with the textbook. Where possible, step-by-
step procedures for all three software packages are used to work or solve the examples
found in the text. You should read both the textbook and supplement carefully to get the
greatest benefit from the course... and, of course, actually use your software along with
the supplement! In addition, the Resources course has many tutorials available for Excel,
Box Sampler, Resampling Stats, and StatCrunch. As is true in any endeavor, the more
you practice, the more proficient you will become.

1.2 Is Chance Responsible? The Foundation of Hypothesis
Testing.

Prior to working with specific software examples we should explore one of the most
important Excel menu items.

Insert Function (Function Wizard)

The Excel Insert Function feature (also called the function wizard) allows you to quickly
search for and insert native Excel functions. The function wizard is opened by selecting a
worksheet cell clicking the fx button to the left of the formula bar.

Font
Je

Figure 1-1: Function wizard fx

Click on the fx button to display the following dialog:
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e 2l x|

Search For a Function:

Or select a cateqory: |Most Recently Used j

Select a funckion:

SUM{number1,numberz,...}
#dds all the numbers in a range of cells,

Help on khis Funckion ok | Cancel |

Figure 1-2: Function wizard dialog (Insert Function)

Let’s try an example. Enter the values 1 through 20 in cells A1:A20 inclusive. You can
enter the numbers individually or you can try the following shortcut:

1)
2)
3)

4)

5)

Enter 1 in cell Al
Enter 2 in cell A2
Select both cells (click in cell Al and drag down to cell A2)

Click on the small box in the lower right corner of cell A2 (you should see a +
instead of a mouse cursor if you are in the correct position). This is the “fill
handle” and allows you to copy the contents of cells in any direction. If there is a
sequence of values in a range, Excel will attempt to extend the sequence.

With the left mouse button pressed, drag down to cell A20. You should have the
values 1-20 in cells A1:A20. Note that Excel assumed that you wanted to
continue with the sequence 1, 2 by adding 3, 4, 5 ... 19, 20 (later, try other
sequences such as odd numbers, even numbers, 1, 4, 7...., etc. to see how
intelligent Excel can be in copying/extending sequences).

Find the sum of these values by selecting cell A21 and then clicking the Insert Function
(function wizard) button. The SUM function is most likely the top entry in the “Select a
Function:” box, but go ahead and type “sum” in the “Search for a function:” edit box and
click the “Go” button (figure 1-3):
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InsertFunction 2| x|

Search For a Function:

= G0

Or select a cateqory: |Recommendead j

Select a funckion:

SUMPRODUCT hd
sSUM{number1,numberz,...}
#dds all the numbers in a range of cells,

Help on this Funckion | (0)'4 I Cancel

Figure 1-3: Excel Insert Function wizard

Select the SUM function and click OK. The function wizard will display a dialog that
allows you to enter the proper function arguments.

Definition: Argument
An argument is a data value supplied as an input to a function, algorithm
or computer procedure.

In this example, Excel correctly assumes you want to find the sum of the range A1:A20
(figure 1-4). Click OK.
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Function Argumenks ilﬁl

-5
Number1 |TPPER B = {LzmeseTEn101112115,14;.,
Mumber2 | E}ﬂ = number
= 210

adds all the numbers in a range of cells,

Mumberl: numberl,numberz, ... are 1 to 255 numbers to sum, Logical values and bext
are ignored in cells, included if kyped as arquments.

Formula result = 210

Help on this Function ; I Zancel

Figure 1-4: Enter function arguments

The function wizard completes the proper function syntax and enters the formula in cell
A21. The sum 210 is displayed immediately. Note the formula bar and the function
syntax: =SUM(A1:A20)

Each Excel function MUST begin with the “=" sign. If you want to multiply the cells Al
and A2 and store the value in cell C1, you would use the following function entered in
cell C1: =A1*A2

If you want to find the square root of the product of cell Al and A2, in cell C1 you can
enter: =SQRT(A1*A2)

The possibilities are endless and there are additional Excel tutorials in the Resources.
Let’s continue...
Now find the number of values in cells A1:A20 that are >=5 (greater than or equal to 5).
1) Select a different cell, say B1, to store the output. Click the fx button
2) Search for COUNT
3) Select the COUNTIF function in the dialog

4) Click OK
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5) Enter the range A1:A20 in the Range edit box. You can also click in the edit box
and select the range using the mouse (click in cell Al and drag down to cell A20)

6) Enter >=5 in the “Criteria” edit box (figure 1-5):

Function Arguments ilﬁl

CUMTIF

11,2550, 78101112, 13;14;15;

Range |[a1:A20 =l
Criteria |:=-=5| Eﬂ =

Zounts the number of cells within a range that meet the given condition,

Criteria is the condition in the Form of a number, expression, or text that defines
which cells will be counted.

Farmula resulk =

Helo on khis Funckion K I Zancel

Figure 1-5: =COUNTIF function

7) Click OK

8) As expected, there are 16 values >=5

9) Note the function syntax in cell Bl: =COUNTIF(A1:A20, ”>=5")
Finally, select a new empty worksheet cell, click the fx button again and click the “Select
a category:” dropdown list box (figure 1-6). All native Excel functions are grouped by

category. Selecting a category will populate the “Select a function” box with all
functions in that category. Click on “Statistical” and observe the result.
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InsertFunction 2|

Search For a funckion:

Type a brief description of what you want to do and then click, 50 |
[€Ta]

O seleck a category: |Most Recenth: Used -
e
Select a funckion: all dal
Financial "
SLIM Date & Time
AVERAGE Math & Trig
IF Skatistical
HYPERLIME Lookup & Reference
COUNT Database
M Tex_t ;I
_|Logical o
COUNTIF{range,cril i oemakion
Counks the number of| Engineering = [ditian,

Help on khis Funckion | (0] 4 I Cancel

Figure 1-6: Select a category

All native Excel functions can be searched for and entered by using the Insert Function
wizard.

Try It Yourself

Toss a coin ten times and record the number of heads and the number of
tails. We will call the ten tosses one trial. Then repeat that trial eleven more
times for a total of twelve trials and 120 tosses. To try this exercise on your
computer, click <here> to download a macro-enabled Excel workbook
containing a Box Sampler model. To view the procedure in Resampling
Stats, reference section 1.2 in the Text Supplement.

Did you ever get seven (or more) heads in a trial of ten tosses?

Box Sampler Coin Toss

The Try It Yourself exercise (above) has a link that provides a downloadable macro-
enabled workbook demonstrating a Box Sampler solution for the coin toss scenario. In
the course Resources, there is a video <here> that illustrates how to create a coin toss
experiment using Box Sampler. However, it may be helpful to view a step-by-step
procedure of how the Box Sampler workbook was created for the Try It Yourself
exercise.

© 2015 Statistics.com LLC 8


BoxSampler1.xlsm
Box-HT-N10-countif.html

1) Open Box Sampler in Excel by loading the Box Sampler add-in as you would an
Excel workbook:

a. You can use the File>Open menu in Excel 2003 or Excel 2010/2013 or the
Office Button menu in Excel 2007. Search for the BoxSampler.xla add-in
and open the file. Most likely you will find the file in the C:\Program
Files\BoxSampler\ or C:\Program Files (x86)\BoxSampler\ folder.

b. You can also open/load the Box Sampler add-in by using the Start menu
(or its equivalent in Windows 8) and double-clicking the Box Sampler
shortcut.

c. Another method for opening Box Sampler is to find the Box Sampler
installation folder (as indicated in step a. above) and drag the Box Sampler
add-in icon into the Excel worksheet.

d. You can facilitate opening Box Sampler in the future by copying the Box
Sampler shortcut (in the Box Sampler menu or in the Box Sampler folder)
and pasting the shortcut to your desktop. Opening Box Sampler then
becomes a simple process of double-clicking the shortcut icon.

2) After the Box Sampler add-in has been opened in Excel 2007, 2010 or 2013, you
will find the Box Sampler menu in the Add-Ins menu on the main Excel
worksheet page. In Excel 2003, Box Sampler will have its own menu at the top of
the Excel worksheet.

3) Select the Add-ins>Box Sampler>New Model menu or in Excel 2003, the Box
Sampler>New Model menu. You should see the following dialog (figure 1-7):

Box Sampler Startup Diz x|

— Model Definition

Model Tyvpe IEh:ux 'I
#Populations IDnE 'I

™ OneSampler  © Twao Samplers

— Inputs

You may change these values later,

Sample Size IID

# Simulations |1

#Tesk Statistics |1
Cancel |

Figure 1-7: Box Sampler Startup Dialog

4) Change the # Simulations to 12. All other entries are OK as they are. You should
now see the following dialog (figure 1-8):
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10

13
14

)
13

Box Sampler Startup Dialog

— Model Definition

X

Madel Tyvpe IBDx - I
#Populations IOne - I

% One Sampler

" Two Samplers

— Inputs

Yau may change these values later,

Sample Size IID

# Simulations

17|

#Tesk Statistics I 1

Ik |

Zancel |

Figure 1-8: Enter 12 for the # Simulations

5) Click OK and the following Box Sampler setup will be generated (figure 1-9):

Ox 3 warhy - Swnulatinn 1og Leg of Sample
[Resotemem Statitic(s)
J el |
haw Contents of Sanples
@ Seaw Savpia Valvm Many? 1
£ ) Seowtray. Oum Glich s tor Fl
roed - wol Mt v [Sampe Statss
ke [How many [Remanig] [Samgie Sise, T |5emdasonsi ]
| | 1 Sampin Simdetan
ynloax o

Figure 1-9: Initial Box Sampler model

6) Under the Value label in the Box (cell B12), enter heads. In cell B13 enter tails.
We want one instance of each outcome, so we enter a 1 (under the How many
label) in cells C12 and C13. Do not worry if the tails entry is not highlighted in
yellow at this point. The highlighting will occur automatically when you run the
simulation. In cell K11 (under Sample Statistics) enter the following formula:

=COUNTIF(Sample,"=heads")

The Excel function =COUNTIF() is very useful. This particular instance checks
the Sample range (cells G12:G21 in this model) and counts the number of times

© 2015 Statistics.com LLC
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that heads appears in the Sample range. Box Sampler always names several areas
of the worksheet with specific names. To see these names and the areas they
encompass, you can check the Range dropdown menu in your Excel worksheet as
shown in figure 1-10. Note that the Sample range name refers to cells G12:G21
as indicated above.

Menu Commands Custom Toolbars
v fe
ModelAnswerFlag - D E F G | H

ModelPopulation
ModelReplCount

ModelSampleSize
ModelStats

NextSampleElementMi Sample | ywith A
MextSimulationMumbe Replacement
OrigText

PartResBlock {# Show Sample Values
Population » Show Freq. Distn
ReplCount Fixed -
I3 EEEEtH?E ny |Remaining] |Sample Size: 10
esetTriggers T Sample
4 ResLogBlock 1 values
15 RightAnswer
Bsampe
SampleSize
|d SampleStats
g|Samplestatstart
H|SimSpeed
|| simstart
19|SimulBlock |
[ Solution
1g(5tatl
'H|StatCount
|5toppingMethod
'§|StoppingRule
Y[ Text
10[withorwithout
lwronganswer =

b= | |

OO =] [0 M = L[| —

ELD

=k

X

Figure 1-10: Named Ranges in Box Sampler

7) Click the Simulate button (the >> button as shown in figure 1-11).
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Simulate 1 element

Simulate

!

Do 1 resample

\

P 4 E

Reset

Stop

/

Figure 1-11: The Box Sampler control menu

8) Atfter clicking on the Simulate button, you should see something similar to the

following (figure 1-12):

Loy of Sample
Stathatic(s)

How
Mevyr | 1 |

Fast

4

{Swrgin Statistics

BOxX '}.n. . simwlation Log
°® {Heplacermant -
@) o Sarrplevaise
) Shew frua. Dists
Reed k3| =
Value M sty [ Reman Sample Sae | 19 .
hends 3 1 Eampie nis Simuanon
tarla 1 | Valuee hands 12
peantete s
== vy
heads
___;
s
|_tals
. heads
heads -

Figure 1-12: Results of one experiment with 12 simulations (trials) of 10 coin tosses

9) With such a small number of simulations (12) we can easily count the number of
times we have 7 or more heads. In the above example, there are 3 instances that
meet our criteria. However, if we changed the number of simulations to 100 or
1000, the counting task becomes a bit more difficult. We can easily remedy this
situation by using =COUNTIF() once again. In the Try It Yourself download
example, the macro-enabled workbook has the =COUNTIF() formula below the
Sample Statistic output range (cells K12:K23... and by the way, no matter how
large or small this range, this output range is named Statl by Box Sampler... very
handy as we shall see!). Let’s place this formula in another location so that it will
not hinder us if we choose to increase the number simulations. Cell B17 is a good

location, so in cell B17, we could enter:

=COUNTIF(K12:K23, “>=7")

© 2015 Statistics.com LLC
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But if we increase the number of simulations, we would need to change the
K12:K23 range to reflect the new output range. Instead, we’ll use the following
formula in cell B17:

=COUNTIF(Statl, “>=7")

Now run the simulation again. You should see something similar to the following
output in figure 1-13.

817 - S ~COUNTIF|State, *>=7")
A B C D E F G H K L P Q ] 5 T u
Box Sampler

nox imm - Swemulation Log Log of Sample
P [Empiacmmert ~ Statistic(s)
i ! now Cantwats of Samples

(8] S Savyle Varus s
) Shawbras. Digh Clich s e sl
Frons - sl o w [Sample Statistics
1 ke mttrw rany |4 " Sex |Feulevons: 12 s |
heads 1 -I Savgle lais Siredaticn 1 3 lads tnis tads hesds hesds o
nis 1 i L3 heads 12 heads hesds is tads heads

" o mads —— E mls | tels | heads | tels | hesds |
_lails “ p mls tmls twdy twis tads
heads tmis twls hesds tals
hwads hesds heeds twle tads
heads huads twilx hewts tals
s _heads tals hoade hasds
; f mls iy 1wie twin hmacs
21 ~heads 19 3 " isls | hesds | heads | hesds | hesds
heads heads heade hasds heads
12 $ it hesde hasds tnly hesas

Figure 1-13: =COUNTIF(Stat1, “>=7") in cell B17 to count the instances of heads >=7

10) Run the simulation again. Now change the # Simulations from 12 to 100 and try
again. If time permits, try 1000 simulations. You can also experiment with the
number of tosses (Sample Size). Feel free to experiment!

Hopefully the above steps, along with the tutorials and videos in the Resources, will give
you a good start in using Box Sampler. There are additional step-by-step procedures for
Box Sampler later in this supplement.

Resampling Stats for Excel (RSXL)

Note: Resampling Stats for Excel refers to the original (real) sample as "sample™ and to
simulated/resampled samples as "resamples.”

1) Open RSXL and enter “heads” in cell Al and “tails” in cell A2.

A
1 |heads
2 |tails
3

Figure 1-14: RSXL coin toss worksheet
© 2015 Statistics.com LLC 13



2) Select cell Al and choose “Resample” from the Resampling menu (or “R” from
the Resampling Toolbar). Note that the Resample option resamples the data
WITH replacement. The Shuffle option (“S” from the Resampling Toolbar)
resamples the data WITHOUT replacement and can’t be used in this particular
example (Why? Think about it... we have only 2 data entries, heads and tails. If
we don’t replace the data, we run out of data after 2 selections!). Continuing,
select cell B1 as the Top Left Cell of Output Range and enter 10 as the Number of
Cells in the Output Range. Click OK.

5ingle Row/Column Resampling

Input Range: |$.ﬁ.$1 AL v ﬂ £

Top Cell of Cukpuk Range $E%1 Cancel

Mumber af Cells in Oukpuk Range: |1EI Help

Figure 1-15: Resample dialog

i)

3) Incell C1, enter =COUNTIF(B1:B10,"=heads")

Note: =COUNTIF() is one of the more useful native Excel functions. It allows
you to search a range of cells (i.e. cells B1:B10 above) in an Excel worksheet for
a particular value or condition (“=heads” in this case). The result is the count of
the number of cells in the range that meet the condition. In this example the value
returned is the number cells in range B1:B10 that contain “heads.” In Figure 1-
16, there are 8 instances of “heads” in the range B1:B10.
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c1 - fr | =COUNTIF(B1:B10,"=heads")

A B C D E F

1 |heads heads . Bi
2 |tails tails

3 heads

4 heads

3 heads

B heads

7 heads

a8 heads

9 tails

10 heads

Figure 1-16: Results of initial resample

4) As indicated in figure 1-16 above, there are 8 heads in this particular trial, so that
could count as 1 success. Select cell C1 and choose Repeat and Score from the
Resampling menu (or RS from the Resampling toolbar). We want a total of 12
trials and we already have one successful trial. However, for the purposes of
illustration, let’s enter 12 as the number of trials and start from the beginning.
Click OK and view the Results sheet.

Repeat and Score - 1 Independent Samples El

Please click or select the cellis) or rangels) wou wank to score, K
Ilse the kil kew to enter non-contiguous cells, You may also tvpe

in cell ar range addresses, Use the comma () to separate

individual or non-contiguous cells ar ranges, se the | ko separate Zancel
sheets,

Sheet11$CH1 - |
Iterations
’7| 1z Murmber of Trials

Results
’75‘ Fesults Wiorksheat

Figure 1-17: Repeat and Score dialog
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B1 - S | =COUNTIF(AL:A12,">=7")
A B C D E F

1 af 3_|

2 5

3 4

4 3

5 5

6 7

7 3

8 7

9 2

10 7

11 5

12 6

12

Figure 1-18: Results worksheet

5) In figure 1-18, the values in cells A1:A12 represent the number of heads in each
trial of 10 tosses. For example, in cell Al (which represents the first trial of 10
tosses), there were 4 heads. In the second trial of 10 tosses, represented by cell
A2, there were 5 heads. Trials 6, 8, and 10, represented by cells A6, A8, and
A10, had a total of 7 heads each. Those 3 cells containing 7 heads represent the
successes indicated by the =COUNTIF(A1:A12,”>=7") function in cell B1.

Note: We are interested in the number of instances of 7 or more heads, which
means that we would accept trials of 7, 8, 9, or 10 as successes. The
=COUNTIF(A1:A12, “>=7") means that we want Excel to count the number
times 7 or more (“>=7"") appears in the output range A1:A10. In Figure 1-18,
there are 3 instances of 7 or more heads.

6) The number of tails in each trial of 10 tosses is not shown. However, this is easy
to calculate. For example, in cell A12, the total number of heads is 6, so the
number of tails is 10 — 6 = 4.

7) As mentioned in step 5, the =COUNTIF(A1:A12,”>=7") in cell B1 tells us that in
this simulation, we had 3 successes or instances where there were 7 or more
heads.

Note: We could have also used “1” for heads and “0” for tails. We’ll use this

notation for StatCrunch (although StatCrunch can also handle string or word
notation).
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StatCrunch

A special thanks to Webster West, the creator of StatCrunch, for providing ideas and
hints on how to use StatCrunch to solve many of the exercises in the text.

Note: StatCrunch uses the term "sample" to refer both to the original (real) sample, and
to the simulated/resampled samples.

1)

2)

Open StatCrunch and re-label the first data column by clicking on the column
name (to highlight the label box) and using the Backspace or Delete key to erase
the existing label. Type in the new column label (coin) and enter the following (1
= heads, 0 = tails) in rows 1 and 2 as shown in figure 1-19:

StatCrunch Edit |:

.oy i Y
1 1
2
=

Figure 1-19: StatCrunch initial worksheet

Select Data>Sample and choose the coin column. Enter a Sample size of 10,
check Sample with Replacement (we need to re-use the coin!), and enter 12 as the
Number of samples. In the Store Samples section, select Compute statistic for
each sample. The Statistic is: sum(“Sample(coin)”) as shown below. With 0/1
data, finding the sum is the same as counting the number of 1's, so the sum
function effectively tallies the number of 1’s (heads) in each trial. The number of
tails will not be calculated or displayed in the results. Enter “result” for the
Column name and click Compute!
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Sample Columns

Select columns:

| coin

Sample size:
Number of samples:

Sampling options:

W Sample with replacement

™ Sample all columns at one time
M Save row ids for samples

Store samples:

 =plit across columns

C Stacked with a sample id

& Compute statistic for each sample
|sum{“SampIe(coir‘|}“) | Build |
e.q. mean("sample(col_name)™)

Column name(s):
Prefix: |result |

Seeding:
@ Lsze dynamic seed
C Usze fixed seed

1241

7 Cancel Compute!

Figure 1-20: Sample Columns dialog

3) The result of one set of 12 trials is shown below. Note that there are three
instances of 8 heads in Rows 4, 8 and 11 (and by subtraction, 10 — 8 = 2 tails in
each of those rows).
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[

StatCrunch Edit Data

R oy coin resiult

1 1 b
2 0] e
3 3
b a
= b
= =
7 b
g a
9 =
10 =
11 a
12 5
1=

Figure 1-21: Results of 12 trials of 10 coin tosses

4) As in the Resampling Stats procedure above, each Row represents one trial of 10
tosses. Each value in the result column of figure 1-21 represents the total number
of heads in 10 tosses of the trial represented by that row. Row 1, for example,
represents the first trial of 10 tosses which had a total of 4 heads. There are 12
trials of 10 tosses each, so we have 12 Rows of results.

5) Although the example has only 12 trials and we can easily see the three trials
where 8 heads occurred, with a large number of trials we might want to have
StatCrunch count how often we got >=7 heads. Select Data>Compute Expression
and enter the expression: ifelse(result>=7,1,0) in the Expression area. This
assumes the column name of the results of the trials is “result”. The interpretation
of the expression is: If the value in each result row is greater than or equal to 7,
then enter a 1, otherwise (else) enter a 0. Enter a New column name of “success”
and click Compute!
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Compute Expression x

Expression:
[ifelse(result>=7,1,0) | Build |

Column label:
|success] |

7 Cancel Compute!

Figure 1-22: Compute expression dialog

6) The result based on our simulation is:

StatCrunch Edit Data Stat Graph

Row coin result success

1 1 4 0
2 0 2 0
2 3 0
4 o 1
= 4 0
& & 0
7 4 0
g o 1
9 = 0
10 & 0
11 g 1
12 4 0
13

Figure 1-23: Marking successes (heads >= 7)

7) Note that the 1s in the success column are next to the 8s in the result column. To
tally the number of successes (the number of times we get 7 or more heads in 10
tosses), sum the success column. Choose Data>Compute Expression and enter:
sum(success) in the Expression box. Click Compute! and you should see
something similar to the figure below:
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StatCrunch Edit Data Stat Graph Help

RO welly result SUCCESS  SUM(SUCCes:
1 1 4 0 ]
2 0 2 0
3 3 0
4 = 1
o 4 0
=) = 0
7 4 0
o = 1
g = 0
10 = 0
11 o 1
12 4 0

Figure 1-24: Tallying the number of successes

8) Your results will most likely be slightly different due to the nature of resampling.

Try It Yourself

Let’s double the sample size and imagine that the study had revealed 14
errors in one year and 6 the following (instead of 7 and 3). Now regroup
your twelve simulations of ten tosses each into six trials of 20 tosses each.
Combine the first and second sets, the third and fourth, etc. Then do six
more trials of 20 tosses each for a total of 120 additional tosses. You should
now have twelve sets of 20 tosses. If you want to try a computer simulation,
click <here> to download a Box Sampler macro-enabled Excel workbook.

Section 1.2 of the Textbook Supplement contains a Resampling Stats
procedure for this problem.

Did you ever get fourteen (or more) heads in a trial of twenty tosses?

Resampling Stats for Excel

1) Recreate the Resampling Stats procedure from the previous exercise, except use
20 as the number of cells in the output range. In cell C1 enter:
=COUNTIF(B1:B20,"=heads")

2) Repeat and score on cell C1 and use 12 trials as before.
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BoxSampler2.xlsm

Bl - Jc | =COUNTIF(AL:A12,">=14")
A B C D E F
1 12I D.I
2 13
2 10
4 9
5 B
B 12
7
8
9
10 13
11 12
12 6
13

Figure 1-25: 12 trials of 20 tosses

3) In this simulation, there were no instances of 14 or more heads in 12 trials.

1.6 What to Measure — Variability

Variance and standard deviation for a sample

Try It Yourself

(optional) In your resampling software, randomly generate a “population” of
1000 values. It doesn't matter what population you generate - let's say a
population of randomly selected numbers between 0 and 9. In Excel you
can do this with the RANDBETWEEN function. Next, find the variance of
this population using the "population” variance formula. Then repeatedly
take resamples of size 10 and calculate the variance for each resample
according to the same "population” formula. How does the mean of the
resample variances compare to the “population” variance?

Tutorials for this exercise using Resampling Stats for Excel and StatCrunch
can be found in Section 1.6 of the Textbook Supplement.

For a Box Sampler resampling tutorial based on this exercise, click <here>,
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Box_Sampler_Tutorial.pdf

Resampling Stats for Excel

1) We will need 1000 random values between 0 and 9 inclusive. One way to do this
is to enter the formula =RANDBETWEEN(O, 9) in cell Al and then copying this
formula down the column by clicking on the AutoFill box/button in the lower
right-hand corner of cell Al and dragging downward to cell A1000. However,
there is a much easier method using the RSXL Urn feature. The Urn feature is
specifically designed to reduce the tedium of entering multiple values of the same
kind in a worksheet.

2) Open RSXL and select the Urn feature from the Add-ins>Resampling menu (in
Excel 2003 use Tools>Resampling or the floating toolbar) or from the
Resampling toolbar in the Add-ins menu.

x

— Choose Urn Type

¥ Create Urn via Dialog Bo

Warksheet ill b ked
i‘Worksheet range will be created) Cancel
£~ Specify Urn Cortents in Worksheet

[Hidden array will be created) Help

i Complex Urn

E2012 skatistics,com, LLC  Writken by Skan Blank, PhD
Contack us ak 703-522-5410 or staksi@resample.com

Figure 1-26: Initial Urn dialog

3) Use the top Urn option and click OK. In the Urn Contents dialog, enter the
formula =RANDBETWEEN(0,9) in the 1* Value box and 1000 in the
corresponding “How Many?” box. Click in the “Top Left Cell of Urn Output
Range” edit box and select cell $A$1. Check the “Remove Formulas (Retain Cell
Values)” box as shown below and click OK.
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Urn Contents

W 1=k Value
I— 2nd Yalue
I— 3rd Yalue
I— 4th Yalue
I— Ekh Yalue

Hiwa Mamyy?
Howy Many'?
Hiwa Mamyy?
Howy Many'?

Hiwa Mamyy?

Zancel

L,

Help

Top Cell of Urn Sutput Range:

a1 B

J 11177

I iRemove Formulas (Retain Cell values)i

2012 statiskics,com, LLC  Written by Stan Elank, PHD
Conkack us ak 703-522-5410 or skaks@resample. com

Figure 1-27: Filling the Urn

4) You should see column A fill with 1000 integers from 0 to 9. Take the population
variance of this data by entering the formula =VAR.P(A1:A1000) in cell C1. If
you are using Excel 2007 or Excel 2003, use =VARP(A1:A1000). The
worksheet should look something like the following:

NMenu Commands loolbar Commands Custom loolt
c1 v f | =VAR.P(A1:A1000)
A B C D E F
1 1 8.099396]
2 8
3 1
1 8
5 5

Figure 1-28: Population variance: Native Excel function

5) Select cell A1 and choose the Resample menu from the Add-ins>Resampling
menu or the Add-ins>Resampling floating toolbar. Choose cell E1 as the Top
Left cell of the Output Range and 10 as the Number of Trials.
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Single Row,/Column Resampling

Input Range:  [$A§1:$A$1000 Esi b

Top Cell of Sutput Range $E$1 5 Cancel

Murmber of Cells in Oukpuk Range: |1EI Help

Jai

Figure 1-29: Resampling dialog

6) Click OK. In cell E11, enter the formula =VAR.P(E1:E10) to calculate the
sample variance (for Excel 2007 and 2003, use =VARP(E1:E10).

7) You should use the VARP (population variance) formula you used previously for
the sample variance in step 5 - the point of this exercise is to show that simply
using the population variance formula for a sample underestimates the population
variance.

8) Select the Repeat and Score feature from the Resampling menu. Choose cell E11
as the Score cell and 1000 as the number of iterations. Click OK.

=VAR.P(EL:E10)

D E | F G H | 1 K L
Repeat and Score - 1 Independent Samples il
Please dlick or select the cellis) or rangels) wou want to score, oK
U=se the Ckrl key ba enter non-contiguous cells, You may alsa bype
in cell or range addresses, Use the comma ) ko separate
individual or non-contiguous cells or ranges. Use the | to separate Cancel

sheets,

Sheet114E411 J oo |
Itarations
’7| 1000 Mumber of Trials

Results
’75‘ Results Wiarksheet

Figure 1-30: Repeat and Score on sample variance

=
o+
WD o = O W R
N —

9) Find the average of the values on the Results sheet by using the formula
=AVERAGE(resultl)
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Bl - Je | =AVERAGE(resultl1)

A B B D E F
1 8.96 7.38182
2 4.96
2 8.29

Figure 1-31: Calculating the average of 1000 sample variances

10) The average of 1000 sample variances (using the Excel population variance
function VAR.P) underestimates the population variance by 8.100 — 7.380 or
about 0.72.

Don’t erase the worksheet yet... let’s make some histograms first!

Create a Histogram with RSXL

Histograms are very important statistical tools. RSXL has the capability of creating
histograms with a minimum of effort. Using the Results worksheet from the previous
example, erase the contents of cell B1 while keeping the values in cells A1:A1000.
Select cell A1 and choose the histogram feature from the Resampling menu.

Histogram Resampling Stats in Excel El

Data Input Range: |$.ﬁ.$1 E&"I Cirat I
. =
Top Left Cell For Freq. Table: || E Clase |

¥ nuto-Binning Help |

™ Specify Mumber of Bins

" Specify Bin Width
™ Integer Auto-binning

£ y-axis Display Counts " Y-axis Display Percent total

[ cumulative Freguency Chart [ Distribution Chart

2012 statiskics.com, LLC  Written by Stan Blank, PhD
Conkack us ak 703-522-5410 or skats@resample.com

Figure 1-32: Histogram dialog

Click in the “Top Left Cell...” edit box and choose cell C1. Keep all other settings the at
their default values and click “Draw.” A sample result is in figure 1-33.
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C D E F G H I J K
Bin MidPt Counts % Total Cu. Freq.

7.263 1 0.1 0.1

7.334 0 0 0.1

7.404 0 0 0.1 140

7.475 1 0.1 0.2 120

7.546 1 0.1 0.3 g 100

7.617 7 0.7 1 = EE

7.687 12 1.2 22| 9 4

7.758 10 1 3.2 20

7.829 19 1.9 5.1 R S S

7.899 39 3.9 9 NTH®® MmN D R g

T S S i od o od od o

7.97 53 5.3 14.3

8.041 75 7.5 21.8

8.112 113 11.3 33.1

8.182 116 11.6 44,7

8.253 110 11 55.7

8.324 118 11.8 67.5

8.394 116 11.6 79.1

8.465 74 7.4 86.5

8.536 45 4.5 91

8.607 a1 a1 95.1

8.677 25 2.5 97.6

8.748 11 1.1 98.7

8.819 6 0.6 99.3

8.889 a 0.4 99.7

8.96 2 0.2 99.9

9.031 1 0.1 100

Figure 1-33: Histogram results

RSXL will make a valiant attempt to find suitable bin ranges in order to plot a proper
histogram. Note the columns that represent bin midpoints, the frequency counts in each
bin, the percentage of the total in each bin, and the cumulative frequency.

Creating a histogram is both art and science. The RSXL histogram feature allows you to
adjust the bin widths, the number of bins, and you can select integer binning for integral
values if desired.

There are more examples of using the histogram feature later in the supplement. Also,
the Box Sampler histogram feature is identical to RSXL.
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StatCrunch

Likewise, this procedure needs to use the StatCrunch statistic “unadj variance"
throughout the exercise for the same reason as noted above.

1) Open StatCrunch and select Data>Simulate>Uniform.

Simulate Uniform ®

Number of rows and columns:

Rows:
Columns:

Uniform parameters:
e C—
Maximum: B ]

Store samples:

& =plit across columns

C Stacked with a sample id

O Compute for sach column (sample)

e.g. mean(Uniform)

Column name(s}:

Prefix:

Seeding:
& Usze dynamic seed
 Usze fixed sead

12641

Rounding:
C Do not round

& rumber of decimal places:

Rounding modifies the actual data values, not just the
displayed values,

| -

‘ Cancel H Compute!

Figure 1-34: StatCrunch Uniform samples

2) Enter 1000 for the number of rows and 1 for the number of columns. The
Uniform Parameters will be from a minimum of 0 to a maximum of 9. Under
Rounding, set the number of decimal places to 0. Click Compute! and a
worksheet similar to the following should appear:
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StatCrunch Edit E

R v Uniformi VE
7
a
9
10
11
12
1=
14
15
16
17
1a
19
20
21
22
2=
24

Figure 1-35: Uniform distribution from 0 to 9 inclusive

e T w iy e 'y I T L ) T N R ) L R C Y

—
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3) We have generated a random list of 1000 numbers between 0 and 9 inclusive as
shown in figure 1-35.

4) To find the population variance, select Stat>Summary Stats>Columns and choose
the Uniform1 column. Select Unadj. Variance (as in figure 1-36). Click
Compute!

Summary Stats X

Select columnis):

|Unif0rm1 |
Where:
|——optional—— | Build |
Group by:
|——optior'|a|—— j
Statistics:

Unadj. variance =

Percentiles { comma separated):
|——optional—— Enter 30 for 20th |

Other statistic {use x for data, e.g. mean{x)):
|——optional—— | Build |

I" store output in data table

? Cancel Compute!

Figure 1-36: Unadj. Variance (population variance)

@ %

Summary statistics:
Column |Unadj. variance

Uniform1| £.741159

Figure 1-37: Population variance
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5) The population variance for the Uniform1 column is 6.741159.

6) To calculate the mean of 1000 sample variances (sample size = 10) using the
population variance formula, choose Data>Sample and select the Uniform1
column. Enter a Sample Size of 10, enter 1000 for the number of samples and
check the Sample with replacement box. The following “Compute statistic...”
expression calculates the population variance (uvar = unadjusted variance) of each
sample (resample) taken from Uniform1.:

uvar("Sample(Uniform1)™)

Change the name of the new column to “pvar” or something similar and click
Compute! You should see a new column of 1000 sample variances.
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Sample Columns

Select columns:

Uniformi |Unifo rmi

Sample size:
Mumber of samples: |1000

Sampling options:

WM Sample with replacement

I© Sample all columns at one time
™ Save row ids for samples

Store samples:

C Split across columns

C Stacked with a sample id

@& Compute statistic for each sample
|uvar(“SampIe(Ur‘|iform1)") | Build |
e.gd. mean("sample(col_namea)™)

Column name(s}:

Prefix:

Seeding:
@ Use dynamic seed
O Use fixed seed

12641

7 Cancel Compute!

Figure 1-38: Calculating variance of each of 1000 samples

7) Find the mean or average of the “pvar” column by selecting Stat>Summary
Stats>Columns, choose the pvar column and select the mean. Click Compute!
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Summary statistics:
Eﬂlumn| Mean

pvar | £.13569

Figure 1-39: Mean of sample variances

8) The mean of the unadjusted variances of the samples is 6.13569 for an
underestimate of 0.605469 compared to the population variance of the original
data set.

1.7 What to Measure - Distance (nearness)

The question exercise posed in section 1.7 of the text involves calculating the
Euclidean distance between two vectors. The answer to the question was an
Excel workbook with the formulas and calculations on display. Let’s follow with
the StatCrunch solution to the problem.

Question: Let's say that you own a music store, A, B and C are all customers
of yours, and that A and B have both just made purchases. You want to
recommend one of these purchases for C. Which one would you recommend?

StatCrunch

1) Open StatCrunch and enter the vectors for customers A, B and C (in StatCrunch,
the vectors will be in columns instead of rows) as shown in figure 1-40.

StatCrunch Edit Data Stat Gr:

F. Oy 4, E C
1 7 4 £l
2 1 ] 1
2 2 1 7
4 1 3 2
= 2 1 2

Figure 1-40: Vectors for customers A, B and C
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2) Select Data>Compute Expression and enter (“C”-“A”)"2 for the expression.
This formula subtracts each element in vector A from the corresponding element
in vector C and squares each individual result. The New column name should be
CA. Click Compute! (figure 1-41).

Note: Quotes are needed for column/vector labels unless the label is enclosed by
another command. The expression: mean(A) is OK and calculates the mean of
column A. The expression A-B will NOT work because StatCrunch would
attempt to interpret both A and B as built-in commands. To avoid an error,
individual column labels must be entered as “A” - “B”.

Compute Expression ®

Expression:
|(IIC“—“.-E'\“:|A2 | Build |

Column label:

[ |

7 Cancel Compute!

Figure 1-41: Squared differences of vector C — vector A

3) Repeat step 2, except use the expression (“C”-“B”’)"2 and the New column name
should be CB. Click Compute! Your StatCrunch worksheet should look like
figure 1-42.

StatCrunch Edit Data Stat Graph Help

R Oy 4, E C A, CE
1 7 4 ! 4 25
2 1 3 1 ] =
3 = 1 7 4 36
4 1 3 2 1
= ) 1 2 1
&

Figure 1-42: Squared differences

4) To find the square root of the sum of the squared differences (the Euclidean
distance) of the CA and CB columns, again choose Data>Compute Expression.
Enter the expression: sqrt(sum(CA)) to calculate the square root of the sum of
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column/vector CA. The new column name should be dCA (figure 1-43). Click
Compute.

Compute Expression

Expression:
|sqrt{sum(CA}} Build |

Column label:
ldca |

7 Cancel Compute!

Figure 1-43: Calculate the square root of the squared difference in column/vector CA

5) Repeat step 4, using sqrt(sum(CB)) to calculate the square root of the squared
differences in column/vector CB. The new column name should be dCB. Click

Compute.

6) The final result is shown in figure 1-44. We should recommend customer A’s
music choices to customer C. The Euclidean distance between C and A is 3.16,
while the distance between C and B is 11.27.

dCA, dCB

31622077 11.269428
t

2

Figure 1-44: Results: Recommend customer A’s choices to customer C
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2 Statistical Inference

2.1 Repeating the Experiment

Resampling Stats

We can try the medical errors example ourselves using Resampling Stats for Excel. You
can enter the data from table 1-10 manually or you can download the workbook <here>.

1) Figure 2-1 illustrates the medical error data

B C

j
I\-"I"\-'lMMEHMLUMMMMLDLUMJL‘-MMM#-MMMLHM.M

R R R R R R R R s 2 L1 R s W R R R W

f 2.8 1.88

Figure 2-1: Medical errors data from Table 1-10
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medical_errors.xls

2) Select cell Al and choose Shuffle from the Resampling menu; Resampling Stats
auto-completes the rest of the range to be shuffled. Note that the Shuffle option
resamples the data WITHOUT replacement.

1
I
3
.
=
6
il
8|
=N
10
O
D
18]
LI
==l

16

17

18

13

20

21

22

©2

Help

A | B C D E F G H I
S
Matrix shule X
Input R.ange: |$.ﬁ.$1 $E$25 =]
Top Left Cell af Cutput Range $0d1 2. L':Ell

&% Narmal Shuffle
" Shuffle Rows as Lnits I stratified Sample
" shuffle within Rows

" shuffle Colurmns as Units
" shuffle within Columns
™ shuffle Single Column

[ shuffle blank cells in data

©12012 statistics,com, LLE  Writken by Stan Blank, PhD
Conkack us at 703-522-5410 or statsi@resample, com

[ I = VRN S TR TR TN S TR S S U S U Y = T U N U o TN U TR U TR O U T T L B, B N R N

(e T TN S TR S = N NN S B = N TR = SO S N T TON  TO O = N IO S T = S 7Y

Figure 2-2: Matrix shuffle

3) Select cell D1 as the Output cell and choose a Normal Shuffle (which takes all the
values in the range, shuffles them, then places the shuffled values in a new range
with the same number of columns and rows). Click OK. Find the average of each
new column and calculate the difference in the means as shown in Figure 2-3.
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F27 - S | =D27-E27
A B C D E | F |

1 2 3 2 2
2 2 1 2 2
3 5 2 2 1
4 2 2 1 2
5 2 1 1 3
6 2 1 2 3
7 4 1 2 6
8 2 3 2 1
9 2 1 2 1
10 2 4 5 3
11 4 1 2 2
12 2 2 5 2
13 3 1 1 4
14 9 5 2 4
15 2 1 1 2
16 2 4 9 2
17 2 1 4 2
18 2 1 2 2
19 3 2 2 1
20 2 2 2 2
21 6 2 2 1
22 2 1 1 4
23 2 1 3 2
24 2 2 1 2
25 2 2 1 2
26

% 2.8 1.88 2.36 2.32' D.IM_I

Figure 2-3: Difference in means of shuffled medical errors

4) Select the difference in means (cell F27 in Figure 2-3). Choose Repeat and Score
and try 20000 trials. After the simulation finishes (40 seconds on an older
laptop), go to the Results window, and use Excel's Function wizard and the same
COUNTIF function to count how many of the results were >= 0.92, then divide
by 20,000. Alternatively, you can enter the formula directly: enter
=COUNTIF(result1,”>=0.92")/COUNT(result1) to calculate an estimated p-
value (Figure 2-4)
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Menu Commands Toolbar Commands Custom Toolbars

1 Bl - Je | =COUNTIF(result1,">=0.92")/COUNT(resultl)

A B C D E F G H
-0.12 0.0137

0.2
0.12
0.04
-0.12
-0.52
-0.04
0.26
0.68

-0.44

A= = R R = VR B R R S B

ClE
=

Figure 2-4: Estimated p-value from 20000 trials

5) The estimated p-value of 0.0137 supports the conclusion that the difference in the
reduction of hospital errors was most likely not due to chance.

6) Create a histogram of the results by selecting cell A1 and choosing the Histogram
feature in Resampling Stats as shown in figure 2.5.
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D1 - £ | -0.12
A B C D E F G H
1 -D.12. 0.0137 L |
2 0.2
3| ox x
4 0.04
Data Inpuk R : A%l E¥
5 012 ata Input Range |$ i = ‘ﬂ | Diraw I
6 0.52 Top Left Cell for Freq. Table: $0%1 Close |
B -0.04 ¥ Auto-Binning Help |
8 0.36
"~ Specify Mumber of Bins
9 0.68
10 _0.44 " Specify Bin Width
11 0.6 " Integer Auto-binning
12 0.28
13 0.12 ¥ y-axis Display Counts ™ ¥-axis Display Percent tokal
— -0.12 [ cumulative Freguency Chart [ Distribution Chart
15 0.28
16 0.28 E2012 skatistics,com, LLC  Witken by Stan Blank, PhD
Conkack us ak 703-522-5410 or staks@resample.com
17 -0.04
18 -(0.84

Figure 2-5: Histogram dialog

7) Select cell D1 as the Top Left Cell for Freq. Table and click Draw. The resulting
histogram from this simulation is shown in figure 2-6.

1300

= 1000

=

=

E5I:II:I
a
m Mmoo 00w NN e T
™Mo g 8T ™Ne = 0 0o ™
FF 9299 9S0dd

Figure 2-6: Histogram

8) The gaps are due to the fact that there is a limited number of feasible differences
in average errors, simply as a result of the given data. Three of the histogram bins
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chosen by the automatic binning algorithm just happened to contain no feasible
values for the difference in means under any shuffling of the data. We can
eliminate the gaps by reducing the number bins (by trial) until the gaps disappear.

zl
Data Inpuk Range: |$.ﬁ.$1 Ei'l Cir I
Top Left Cell Far Freq. Table: 4041 Eh Close |
£ Auto-Binning Help |
¥ Specify Mumber of Bins Bins: |36

" Specify Bin Width
" Integer Auto-binning

Figure 2-7: Reducing the number of bins

9) The original number of bins was 39 and if we choose 36 bins as shown in figure
2-7, we should see a histogram without gaps. The result is shown in figure 2-8.

1.281
-1.048
-0.815
-0.582
-0.349
-0.115

n.11s
0.351

0.584

0.817

1.05
1.283

Figure 2-8: Modified histogram with 36 bins

10) Note the original medical error mean difference of 0.92 is on the far right of the
histogram, indicating that such a value is not likely due to chance. Why do you

think the histogram resembles a Normal curve?

StatCrunch

We have to be somewhat creative to model the medical errors problem in StatCrunch.

StatCrunch does not behave like Excel!
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1) Download the Excel medical errors workbook from the Resampling Stats section
above. Open StatCrunch and copy/paste column A of the medical error data from
the Excel worksheet into the first column of the StatCrunch worksheet filling cells
1-25. Copy/paste the data from column B from the Excel worksheet into the same
StatCrunch column filling cells 26-50. Name the column med.

StatCrunch Edit

med

)
=t N R T I STV S B o]
=

=
L

I 1 T Ly L N e e T
B . T [ S N N o RV o o (S [ T W B
[ 0N R T S L R T A T L T O T L I L I R W T L S Oy L T LI L R o L T L T L R 0 I LR R

[+J
oo

2

wJ

Figure 2-9: Medical error data in single stacked column

2) Select Stat>Resample>Statistic

3) Choose the med column. For the Statistic, enter (or copy/paste):
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mean(subset(med,row <= 25)) - mean(subset(med,row > 25))

This statement uses the subset function to find the mean of the first 25 rows/cells
of the med column and subtracts from that value the mean of rows/cells 25-50. In
other words, this statement finds the difference in means between the two medical
error data sets. See figure 2-10.

4) Choose the Permutation test (without replacement) and enter 1000 as the number
of resamples. Check the Store resampled statistics in data table and click
Compute! See figure 2-10. This is a lengthy calculation so you may have to click
Continue if the script warning dialog appears. Rename the new column “diff”.

Resample Statistics x

Columns to resample:
[med |

Statistic:
|mean(subset(medJrow <= 25)) - mean{subset{med,row > E| Build |

|»

Resampling method:
© Bootstrap - with replacement
& permutation - without replacement

Type of resample:
& Univariate - resample columns at different rows
 Multivariate - resample columns at same rows

Number of resamples:
1000

Percentiles:
[25,5 50,95 975

¥ store resampled statistics in data table
¥ Histogram of resampled statistics
¥ 3y plot of resampled statistics

Graph properties:
Color scheme: |Defau|t Ll

Horizontal lines: 7
wertical lines: r

For multiple graphs:

ROWs per page: .
Columns per page:
r =

1

‘ Cancel H Compute! ‘

Figure 2-10: Resample Statistics

5) Here is some sample output:
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StatCrunch | | Edit | | Data | | st

By med diff
1 z2 012
2 z .04
= = -0.2
4 z -0.2
5 2 -0.68
= 2 .52
7 L -0.76
o 2 o1z
9 z -0.52
10 2 -0, e
11 < -0.28
12 2 .38
1z 3 .26
14 = 036
15 2 -0.EZ
16 2 -0,44
17 2 -0.92
15 z2 012
19 = o1z
20 2 .28
21 = -1.03

Figure 2-11: Sample output for difference in means (medical errors)

(10f3) Sk

Statistic: mean(subset{med,row <= 25)) - mean{subset{med,row > 25))
Observed| n ‘ Mean ‘ Std. dev. |2.5th per.‘Sth per.‘SOth per.|95th per.|9?.5th per.

0,92 1000]0.00808 |0.42630484| -0.84| -0.68] 0.04| 0.68| 0.54

The table below includes the observed permutation with resamples.
Observed | Proportion <= Dbserved|Proportion == Observed

0.92 O.99300699| 0.007992008

Mew column, mean{subset{med,row <= 25)) - mean{subset{med,row > 25)), added to data table!

Figure 2-12: Summary results

6) Note the difference in means of the original data (observed) is 0.92. The
proportion of resampled differences => the observed is 0.007992008. Click on
the > button in the lower right corner of the results to view a histogram.
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[options | (zof3) = %

Frequency

200

150

100

=0

-1 -0.5 0 0.5 1 1.5
Resampled statistics

Figure 2-13: Histogram

7) We can verify the results by actually counting how many times the resampled
data was >= (or =>) 0.92 by selecting Stats>Summary Stats>Column, selecting
the diff column, entering: diff>=0.92 in the “Where” box and clicking n in the
Statistics box (see figure 2-14). Click Compute! Figure 2-15 displays the output
from one complete experiment.

8) Note: Remember that the results of most of the experiments in the supplement
and the results from your own computer are based on pseudo-random numbers
will most likely not agree. However, if enough trials are done, the results should
be reasonably close.
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Summary Stats %

Select column(s):
med = || diff

where:
[diff>=0.92 Build

Group by:
[—optional— =

Statistics:

Mean

wariance
Std. dev.
Std, err -

Percentiles {comma separated):
[--optional-- Enter 30 for 30th |

Other statistic (use x for data, e.g. mean{x)):
[—optional— | Build |

" store output in data table

?

‘ Cancel H Compute!

Figure 2-14: Summary Stats dialog

2 %

Summary statistics:
Where: diff>=0.92

Column|n
diff =)

Figure 2-15: Number of instances (7) of difference in means >= 0.92

Box Sampler

The Box Sampler model for the medical errors simulation is somewhat more involved
than the coin toss simulation. If you would rather download and run a macro-enabled
workbook, you can click this <link>. | would still recommend that you read through the
step-by-step procedures to see how the Box Sampler model was created.

Here are the step-by-step procedures:

1) Download the mederrors.xls file using this <link>.
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hospital.xlsm
mederrors.xls

2) In order to correctly populate the Box, we need to know the frequency of each
number of errors. The mederrors.xls workbook calculates the frequency for us.
The data is placed in cells A1:B25 and it is evident that the values in the data
range from 1 to 9. We entered those values in cells D1:D9. The frequencies
(which could also be counted manually) are calculated by the Excel
=COUNTIF($A$1:$B$25,D1) functions in cells E1:E9. The worksheet is
displayed in Figure 2-16:

El

4

Je | =COUNTIF(SAS1:58525,D1)
A B C D F

m

I

=]
o

1
2
3
4
5
6
7
8
9

R R - O T N N . R N = B R RNy Ry TN RN R R
wu
=A== A )

[ I e T o I S ot e i T T B o T e I T = I T I e o= I O T I+

RS R TR R =T R N - T, R SR R ]

Figure 2-16: Frequency of medical errors

Look closely at the =COUNTIF functions in cells E1:E9. Note that we are using
absolute references to the medical error data range in cells $A$1:$B$25.
Absolute references are denoted by the $ sign and do not change when the
formula is copied to another location. Also note that we use the cell reference D1
to refer to the value 1 in cell D1. This value is our comparison value or the value
we are looking to count. The D1 cell reference is a relative reference, which
means that if we copy and paste the formula to another cell location, the D1
reference will change to reflect the new location. So, the formula in cell E2 will
reference the comparison value in cell D2, E3 references D3, etc.

If we enter the function or formula as shown in cell E1 and then copy this formula
down to cell E9 (click on the box in the lower right corner of cell E1 and drag
downward to cell E9), the data input will remain constant (absolute references),
but the comparison cell will change (relative references) to reflect the relative
positions of the new cell location. The result is a frequency table, which is
exactly what we want. The value (50) in cell E10 is a checksum to make certain
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we have included all the data. Please make certain you look at the formulas in
cells E1:E9 so you can understand how the frequency table was created.

3) Start Box Sampler and instead of using the default settings, choose Two Samplers
(for the two columns of data), a Sample Size of 25 (for the number of rows of
data) and 1000 Simulations as shown in Figure 2-17:

Box Sampler Startup Dia x|

— Model Definition

Maodel Type IBox ,I
#Populations IOne .I

" One Sampler ' Two Samplers

— Inputs

‘You may change these values later,

Sample Size |25
# Simulations IlDDEI
#Tesk Statistics |1

oK | Cancel |

Figure 2-17: Box Sampler setup

4) Click OK. Enter the frequency data calculated from step 2 in the Box as shown in
Figure 2-18. Note that there is no need to enter 7 or 8 (why?).

Yalue |How many |Remaining
1 12 0
2 26 0
3 4 0
4 4 0
B 2 0
B 1 0
9 1 0

Figure 2-18: Box contents

5) In both Sample-1 and Sample-2 output boxes, change the With Replacement
setting to Without Replacement setting. The explanation for With vs. Without
replacement will be explained later in the course. For now, follow along and
change the setting (Figure 2-19):
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L J w

Sample - 1 | without - Sample - 2 | without -
- Feplacement - Replacement
{®) Show Sample Values {®) Show Sample Values
"y Show Freq. Distn. "y Show Freq. Distn. e
Fixed hd Fixed b
Sample Size: 25 Sample Size: 25

Sample Sample

Walues Values

Figure 2-19: Without replacement

6) Change the simulation speed to Superfast and verify that the number of
simulations = 1000. In the Sample Statistics cell (cell N11), enter the formula

=AVERAGE(Samplel) - AVERAGE(Sample2)

as shown in figure 2-20. Don’t worry about the #DIV/0? error. That will go
away after some data is ‘fed’ to the formula by running the simulation.

=AVERAGE(Samplel)-AVERAGE(Sample2)
E F G H I J K L M M 0

! }

Sample - 1 | without - Sample - 2 | ywithout - Simulation Log Log of Sample
- Replacement - Replacement Statistic(s)
How
@ Show SampleValues @ Show Sample Values Many? ,71
"y Show Freq. Distn. "y Show Freqg. Distn. » Fefrash
Fixed hd Fixed - # of Superfast  w |Sample Statistics
Sample Size: 25 Sample Size: 25 Simulations:|  1pgp |4—-‘|:JIWD:J
Sample Sample Simulation
alues Values 0

Figure 2-20: Enter the Sample Statistics formula in cell N11

7) Finally, in an open cell (I used cell B28), enter the formula:

=COUNTIF(Statl, “>=0.92")/ReplCount
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so we can calculate a p-value estimate. See figure 2-21. ReplCount is the named
range for the number of simulations, which in this case is 1000. Statl is the
named range for the output of the Sample Statistics in cell M12 and downward.

enu Commands Custom Toolbars
B28 - fx | =COUNTIF(Stat1,"»=0.92")/ReplCount
A B C D E F G H |
Box Sampler

I | }

BOX Sample - 1 | without - Sample

Replacement -
o @ I

@ Show Sample Values @ Show
"+ Show Freq. Distn. ) showF

Fixed v Fixed

Walue |How many |Remaining Sample Size: 25 Sample Si

1 12 12 Sample Sampl

2 26 26 Values Value:!

3 4 4

4 4

5 2 2

5 1 1

El 1 1

Est. pwvalue
—
1}

Figure 2-21: Estimated p-value

8) Click the Simulate button to run the model. Be patient... this model is SLOW.
The Superfast setting will not output as often, so it may appear that nothing is
happening. Again, be patient. The p-value estimate will update as the model
begins to create output.

9) Figure 2-22 illustrates the output from one simulation of 1000 trials. The result is
consistent with the Resampling Stats estimated p-value. Again, you can
download the macro-enabled workbook at the beginning of this section if you are
having problems creating the model.
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[a]
=
oSS |8

Est. pwvalue
I 0.014!

Figure 2-22: Output from one simulation of the medical errors example
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3 Displaying and Exploring Data

No specific resampling procedures in this chapter. You might take this opportunity to
explore the charting features of Excel and/or the software package you are using.
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4 Probability

No specific resampling procedures in this chapter. As an exercise, you might try tossing
virtual coins and/or dice using your software package to see how closely the experimental
results agree with the theoretical results.
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5 Relationship Between Two Categorical
Variables

5.1 Two-Way Tables

Could Chance be Responsible?

The following is the admission rate resampling model:

1.

Put 584 chips in a hat to represent the 584 applicants. Of these, 147 are marked
Admitted and 437 are marked Rejected.

Shuffle the hat

Draw 393 chips from the hat (that's the size of the female group), count the
number of Admits, and calculate this as a proportion.

Draw the remaining 191 chips from the hat (the size of the male group), count the
number of Admits, and calculate this as a proportion.

Record the criterion (statistic) of interest, which is the difference in the
acceptance rates (women minus men). The actual difference was 23.92 - 27.75 = -
3.83 percentage points.

Repeat the trial many (say 1000) times, and find out how often we get a difference
as extreme as -3.83 percentage points.

Resampling Stats

1) Open Resampling Stats and select the Urn feature. Let 1 = Admitted and 0 =

Rejected. Select Al as the Top Left cell and click OK.
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Urn Contents
|1 1=k Value How [Many’?

IIZI— 2nd Yalue How Many? 437 Zancel
I— 3rd Yalue How [Many’?
I— 4th Yalue Howe [Many?
I— Sth Yalue How [Many’?

147

L,

Help

100

Top Cell of Urn Sutput Range: a1l E

[ Remove Farmulas (Retain Cell Yalues)

2012 statiskics,com, LLC  Written by Stan Elank, PHD
Conkack us ak 703-522-5410 or skaks@resample. com

Figure 5-1: Populate the Urn

2) Select cell Al and choose Shuffle (Shuffle resamples without replacement) from
the Resampling menu. Select cell C1 as the Top Left cell. Keep the default
number of cells in the output range (584). Click OK.

Single Row,/Column shuffling

Input Range: |$F'.$1 Sa$584 == b

Top Cell of Dukput Range $C41 5 Zancel

Jdi

Mumber of Cells in Oukput Range: 554 Help

Figure 5-2: Shuffle dialog

3) Incell E1, enter the formula =SUM(C1:C393)/393. This formula calculates the
proportion of women who were admitted to the program. In cell E2, enter the
formula =SUM(C394:C584)/191. This formula calculates the proportion of men
who were admitted to the program. In cell E3, enter the formula =100*(E1-E2)
to find the difference in the two proportions (women — men) expressed as a
percentage.
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Je | =100*(E1-E2)
C D E F
¥ 0.236641
" 0.282723
_4.60813

= 0 = O O O O O

Figure 5-3: Calculate the difference in proportions expressed as a percentage (cell E3)

4) Select cell E3 and choose Repeat and Score from the Resampling menu. Click
OK.

=100*(E1-E2)

D E F G H I 1 K L
0.249364
0.256545 |
:‘ ‘-D“?iéﬁél Please click or select the cell{s) or range(s) vou want ko score, oK |
"""" il IJse the Ckrl ke to enter non-contiguous cells. You may also bvpe

in cell or range addresses, Use the comma ) ko separate
individual or non-contiguous cells ar ranges, Use the [ ko separate Cancel |

sheets,

I Sheet11$E43 J Help |
Iter ations
’7| 1060 Murmber of Trials

Fesults
’75‘ Results virarksheet

Figure 5-4: Repeat and Score on the difference in proportions

5) The partial output of this simulation is shown in figure 5-5. The Excel formula
=COUNTIF(resultl,”<=-3.83") in cell BI finds the number of instances in the
output that equal or are further from zero (more extreme) than the -3.83
percentage in the original data. NOTE: Column A... the output range is
automatically named “result1” by Resampling Stats. We can use this range name
to refer to the entire output data for both Excel formulas and in creating
histograms.
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Bl - Jfe | =COUNTIF(result1,"<=-3.83")

A B c D E F
1| 5506042 176l

2 | -1.49608

3 | -0.71806

4| 0.05995

5 | -1.49608

Figure 5-5: Estimated p-value = 0.176

6) The estimated p-value from our simulation can be calculated by dividing the 176
values as extreme (or more extreme) as the original difference of -3.83 by 1000 or
176/1000, which equals 0.176. This p-value is not too unusual, so the difference
in admission rates could be due to chance.

7) Create a histogram by selecting the cell Al on the Results sheet and choosing the
histogram feature from the Resampling menu. The histogram dialog should
appear with cell Al in the range input box. The histogram function will
automatically select the entire column for you. Choose cell D1 as the top cell of
the output range and click Draw.

Note: You can select the top cell of the data column (Al in most instances), enter the
named data region (resultl, result2, etc.), or enter the actual data range (A1:A1000)
for the Data Input Range in the histogram dialog.

A B C D E F = H
-4.60813 Histogram = Resa ﬂ
-2.27409
3.172002 Drata Input Range: |$.ﬁ.$1 Eﬂ Diraw I

0.05995 Top Left Cell Far Freq. Table: $0%1 Close |
-8.49819
3.950015 &+ auto-Binning Help |
-2.27409  Specify Mumber of Bins
-1.49608 {~ Specify Bin Width
1.615976 i~ Integer Auko-binming
-A4.60813
3.506042 % Y_ayis Display Counts ™ -axiz Display Percent kakal
-A4.60813
-0.71806 [ Cumulative Frequency Chart [ Distribution Chart
0.837963 @201 statistics.com, LLC  Writken by Stan Blank, PHD
5.506042 Contack us at 703-522-5410 or staks@resample,com
-0.71806

Figure 5-6: Histogram dialog
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8) Here is the histogram for 1000 trials (figure 5-7)

250 ~
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o0 o0
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-3.388
-1.388
0.612
2.612
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6.612
8.612
10.612
12.612

00
o0
B
i
-

Difference in Proportions

Figure 5-7: Histogram: 1000 trials

9) Run the model again by selecting Repeat and Score and then change the iterations
to 10000.

Repeat and Score Options... 1 Samples El

Ik

£~ Mew Score Cells
" Redo last problem Cancel

{* Change iterations ({Retain last score cells)
Help
I 10000 Iterations _

[ Disable Screen Display

V¥ Overwrite Previous Cutput Data

Figure 5-8: Repeat and Score again

10) Create a histogram from the new model and compare it to figure 5-7.

StatCrunch

1) Open StatCrunch and populate the Urn as follows: Select Data>Compute
Expression. In the Compute Expression dialog, enter:

concat(rep(1,147),rep(0,437))
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The word “concat” is an abbreviation of concatenate, which means (roughly) “to
add to,” so this statement creates a list of 147 repetitions of the number 1 added to
another list of 437 repetitions of the number 0 and places the continuous list of 1’s
and 0’s in the first column. Change the column name to “urn” as shown in Figure
5-9. Click Compute!

Compute Expression ®

Expression:
|cor‘|cat(rep(lj14?);&[:-(0143?}) | Build |

Column label:
|urr‘| |

7 Cancel Compute!

Figure 5-9: Populate urn

2) Choose Stat>Resample>Statistic and choose the urn column. The statistic
expression is somewhat complex and uses the powerful “subset” command which
allows us to designate a range of rows as input for a StatCrunch operation. Subset
is particularly useful in permutation operations where we resample without
replacement. Here is the statistic expression (you can copy/paste):

100*(sum(subset(urn, Row<=393))/393 - sum(subset(urn, Row>393))/191)
Select the Permutation — without replacement option and click Compute! (see
figure 5-10). You may receive an unresponsive javascript message due to the

number of calculations. If this happens, click Continue to continue the execution
of the script.
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Resample Statistics o

Columns to resample:
|urn |

Statistic:
|100*(sum(subset(urr‘|, Fow<=2931/392 - sum{subset{urn,

Build |

Resampling method:
C Bootstrap - with replacement
& permutation - without replacemeant

Type of resample:
& Univariate - resample columns at different rows
C Multivariate - resample columns at same rows

Mumber of resamples:

Percentiles:
|25, 5, 50, 95, 97.5

" Store resampled statistics in data table
I Histogram of resampled statistics

M 0 plot of resampled statistics

Graph properties:

Color scheme: |Deﬁault ;|

Horizontal lines: T
Vertical lines: r

For multiple graphs:

Rows per page: .
Columns per page:
r hd|

7 Cancel Compute!

Figure 5-10: Resample Statistic dialog

3) The Statistic expresson in step 2 (and figure 5-10) takes the sum of a subset of the
urn column, specifically the sum of the rows from 1 to 393 (the female
admissions) and divides this sum by 393 to obtain the proportion of female
admissions. Then, the statistic expression subtracts a second subset of the urn
column (the male admissions) that consists of the sum of the rows from 394 to
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584 divided by 191 (to calculate the male admissions proportion) . This
difference in proportions is then multiplied by 100 to obtain a percentage.

4) The results of one model run can be seen in figure 5-11 (you may need to resize
the result dialog).

(10f3) m %
Statistic: 100 * {sum{subset(urn,Row <= 393)) / 393 - sum{subset(urn,Row > 393)) / 191)
Observed| n | Mean |Std. deu.| 2.5th per. | 5th per. | 50th per. | a5th per. |9?.5th per.

37.40458 [10000.0404993143.911298|-7.7201817 | -6.1641554 | 0.059949642 | 6.2840547 | 7.840081

The table below includes the observed permutation with resamples,
Observed | Proportion <= Observed | Proportion == Observed

3740458 1| 0,0009%3001

Figure 5-11: StatCrunch female/male admissions results

5) The original -3.83 difference in proportions is well within the 90% confidence
interval of -6.16 to 6.28. This means that the -3.83 difference in admissions
between females and males is most likely due to chance.

6) Click the > box in the lower right of the dialog to view a histogram (figure 5-12).

(2 of 3)
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Figure 5-12: Histogram of difference in admissions
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6 Surveys and Sampling

6.2 Margin of Error: Sampling Distribution for a Proportion

Solving the Voter Survey Problem with Resampling Stats for Excel

1) Use 1 for positive and 0 for not positive.

2) Start RSXL and select the Urn feature. Accept the default “Create Urn via Dialog
Box” (Figure 6-1)

x

— Choose Urn Type

(% Create Urm via Didlog Box

(Worksheet range will be created) Cancel
" Specify Urn Contents in Worksheet
{Hidden array will be created) Help

" Complex Urn

2011 statistcs.com, LLC  Written by Stan Blank, PhD
Contact Us at 703-522-5410 or stats@resample.com

Figure 6-1: Initial Urn dialog

3) Use 1 for the 1¥ value and 36 for “How Many?”
4) Use 0 for the 2" value and 64 for “How Many?”

Note: You could also use 72 for “How Many?” in step 3 and 128 for “How
Many?” in step 4. As stated in the text, the important concept is to keep the
percentage of positive and negative ratings equivalent to 36% and 64%
respectively. Please read the corresponding section of the textbook for further
information.

5) Click in the field that says “ Top cell of urn output range, then click the cell on the

spreadsheet where you want the top of the urn to be (Al will do) then click “OK”
(Figure 6-2)
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Urn Contents

x|

|1 1st Walue Howw Mary? |36 (04 I
IEI 2nd Yalue Howw Mary? |E|4 Cancel |
I 3rd Yalue Howw Mary? I

Help |
I 4th YWalue Howw Mary? I
I Sth Yalue Howw Mary? I

|

Top Cell of Urn Output Range: |$A$1| Ei
[~ Remove Formulas (Retain Cell Yalues)

Figure 6-2: Filling Urn contents

6) Select cell Al and choose the Resample dialog (this resamples with replacement).
Cells A1:A100 should automatically be selected as the input range, choose C1 as
the Top Cell of the Output Range, and 200 as the Number of Cells in the Output
Range (Figure 6-3)

single Row /Column Resampling il
Input Range: |$A$1 FA$100 =5 l_IOK
Top Cell of Cutput Range: |$C$1 E CL':Ell
Number of Cells in Output Range: 200 Help |

Figure 6-3: Resampling dialog

7) Incell E1 (or any empty cell) place the formula “=SUM(C1:C200)/200” to
calculate the proportion of 1’s, representing “positive” handling of economy
(Figure 6-4).
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|E| H9-®-|< Bookl - Microso

Home Insert Page Layout Formulas Data Review WView

DPlot - [l Save =7 R S RS Uss 5o Lk feer @
Open Save As =
Close Resampling -
Menu Commands Toolbar Commands Custom Toolbars
El all _ﬂ-‘ =SUM(C1:C200)/200
A B C D E F
1| 1 0 0.34
2 1 1
3 1 0
4 1 0
5 1 0
6 1 1
7 1 0

Figure 6-4. Proportion of positive responses in one trial

8) Highlight cell E1 and select “Repeat and Score”. Make certain cell E1 is in the
top edit box. E1 is the score cell. Use 5000 iterations.

9) Create a histogram of the data in cells A1:A5000 on the Results sheet using the
histogram feature of RSXL (Figure 6-5).

700 -

600 -

500 -

[4]

‘5400—

8300-

200 -

100 -
O_
O = M W W NN~ O NS
N W WO o4 MK~ O = o W 0
N AN ANmon g oo ST
O O o o o O O oo o o

Figure 6-5: Histogram

Roughly speaking we can see that the vast majority of the results run from about 30%
positive to 42% positive.
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Solving the Voter Survey Problem with StatCrunch

Note: The StatCrunch procedure below requires that the resample size be the same size
as the "box" that we are drawing from; this is simply because the program lacks the
facility to enter a separate value for the resample size. This is not a problem - as we saw
in the text, the "box" can be a variety of different sizes. What matters is the resample
size. So here we need to recognize that the resample size must be N=200 (to match the
original sample), and make the "box" (from the "concat" statement) the same size.

1) After opening StatCrunch, select Data -> Compute Expression
2) In the Expression box, type:
concat(rep(1,72),rep(0,128))

to fill the urn (box). This expression physically joins or concatenates (concat) a
list of 72 repetitions of the number 1 (rep(1,72)) to a list of 128 repetitions of the
number 0 (rep(0,128). The list will be generated and placed in StatCrunch
automatically. Note: This list must be the same size as the resample we draw
later, because the "Resample” function used in step 4 automatically assumes that
the resample size is the same as the sample size. So we make the concat
statement produce a list of 200 1's and 0's, 36% or 72 values = 1.

3) Type x for the new column name at the bottom of the dialog and click Compute!
(Figure 6-6)

Compute Expression x

Expression:
|concat{rep(1,?2),rep(ﬂ,128)) Build |

Column label:
B |

7 Cancel Compute!

Figure 6-6: StatCrunch Compute Expression dialog (define Urn/Box)

4) Select Stat -> Resample -> Statistic and click on the x in the Columns to
Resample.
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5) Type: sum(x)/200 in the Statistic: edit box and 5000 for the Number of
Resamples. Click Compute! (Figure 6-7)

Resample Statistics x

Columns to resample:
ilx |

Statistic:
[surn(x)/200 | Build |

Resampling method:
@ Bootstrap - with replacement
C Permutation - without replacement

Type of resample:
& Univariate - resample columns at different rows
C Multivariate - resample columns at same rows

Mumber of resamples:

Percentiles:
[2.5, 5, 50, 95, 975

" store resampled statistics in data table
I Histogram of resampled statistics

M 0 plot of resampled statistics

Graph properties:

Color scheme: | Default |

--optional--
--optional--
--optional--
Horizontal lines: T
Wertical lines: r

For multiple graphs:

Rows per page: .
Columns per page:
" |

| =

‘ Cancel H Compute! |

Figure 6-7: StatCrunch Resample Statistic

6) Here is the result (Figure 6-8). Again, you may need to resize the dialog.
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[Gptions ] (1 afa)

Statistic: sum{x) / 200
Dbserved‘ n ‘ Mean ‘ 5Std. dev. ‘2.5th per.|5th per.‘SOth per.‘95th per.|97.5th per.

0.36 |5000]0.359854 0.0343107 | 0.23| 0.305] 0.36|  0.415] 0.43

Figure 6-8: StatCrunch resample results

7) Click the > button (lower right) to see the StatCrunch histogram (Figure 6-9)

Options {2 of 3) N
[eptions | |

Freguency

800

500

400

200

0,25 0.3 0,35 0.4 0,45 0.5
Resampled statistics

Figure 6-9: StatCrunch histogram

Roughly speaking, we can see from the percentiles in Fig. 5-8 that the vast majority of
the results are between 30% and 42%.

Solving the Voter Survey Problem Using Box Sampler

1) Start Box Sampler and click OK on the opening dialog

2) Edit Box Sampler so it is identical to Figure 6-10.
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Menu Commands

Custom Toolbars

SampleStatStart - £ | =SUM(Sample)/200
A B C D E F G J K |
1 Box Sampler
2
3
4
5 BOX Sample Wlith - Simulation Log Log of Samg
6 Replacement Statistic(s
o @ >
7 - How
2 ® Show Sample Values Many?
0 { Show Freq. Distn [
10 Fixed - # of Fast w |Sample Statistic
11 Value How many Remaining|] |Sample Size: 200 Simulations: 5000 0
12 1 72 72 Sample Simulation
13 0 128 128 Values f 0
14
13
16

Figure 6-10: Box Sampler setup for the voter survey problem

3) The Sample Statistic cell (K11 in Figure 6-10) should have the formula
“=SUM(Sample)/200”

4) Click the “Simulation: Simulate” button (Figure 6-11) or select “Simulate” from
the Box Sampler Menu.

Home Insert Page Layout

DPlot ~

- »

BoxSampler ~

4“4 u

Simulate Button

Figure 6-11: Simulate button

5) When the simulation is complete (be patient!), create a histogram by selecting the
“BoxSampler -> StatCharts -> Histogram” menu. Use “Stat1” for the Data Input
Range. A histogram is shown in Figure 6-12.
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Figure 6-12: Box Sampler histogram

Roughly speaking, we can see that the vast majority of the results are between 30% and
42%.
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7 Confidence intervals

7.3 Confidence Intervals for a Mean

There are video tutorials for RSXL, StatCrunch, and Box Sampler for the Toyota price
data. These videos can be found at www.introductorystatistics.com in the Book menu
under the Videos sub-menu.

7.6 Confidence Intervals for a Single Proportion

StatCrunch Procedure

1) Open StatCrunch. Choose Data-> Compute Expression
2) Enter: concat(rep(1,4),rep(0,16)) in the Expression edit box
3) New column name x

4) Click Compute! (figure 7-1)

Compute Expression x

Expression:
|concat(rep(1,4),rep(0,16)] | Build |

Column label:
B |

? Cancel Compute!

Figure 7-1: StatCrunch Compute expression dialog

5) The returned data is found in column x (figure 7-2)
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Figure 7-2: Data in column x

6) Choose Stat-> Resample-> Statistic
7) Select column x as the Columns to resample

8) Enter: sum(x)/20 as the Statistic. Dividing the sum by 20 calculates the decimal
proportion of returns.

9) Click Compute! (figure 7-3) (StatCrunch automatically sets the size of the
resample at 20, the same size as the original box (column x)
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Resample Statistics ®

Columns to resample:
ilx |

Statistic:
|Sum(><)f20| | Build |

| v

Resampling method:
@ Bootstrap - with replacement
© Permutation - without replacement

Type of resample:
@ Univariate - resample columns at different rows
 Multivariate - resample columns at same rows

Number of resamples:

Percentiles:
[2.5, 5, 50, 95, 97.5

" store resampled statistics in data table
I Histogram of resampled statistics
M 0 plot of resampled statistics

Graph properties:
Color scheme: |Defau|t ;l

--optianal--
--opfional--
--optional--

Horizontal lines: T
Wertical lines: -

For multiple graphs:

ROWS per page: .
Columns per page:
~ =l

‘ 7 H Cancel H Compute! ‘

Figure 7-3: Resample Statistic dialog

10) The 90% confidence interval goes from 0.05 to 0.35: the 5 percentile = 0.05
and the 95™ percentile = 0.35 (figure 7-4).
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[Options | (1 0f 3) 5 % |

Statistic: sum(x) / 20
Observed| n | Mean | std. dev. ‘2.5th per.|5th per.‘SOth per.‘95th per.|9?.5th per.

0.2 |1000|0.19805]0.088269411 | 0.05|  0.05] 0.2] 0.35| 0.4

Figure 7-4: 90% confidence interval (between 5™ and 95" percentiles)

11) View histogram by clicking the > button (figure 7-5)

[options | (203) 2 %

Frequency

200

150

100

=0

0 0.1 0.2 0= 0.4 05
Resampled statistics

Figure 7-5: StatCrunch histogram

Box Sampler Procedure

1) Start Box Sampler
2) Accept default settings in the opening dialog

3) Create the Box (figure 7-6)
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BOX

o @

&

Value How many Remaining
1 4 4
16 16

Figure 7-6: Box setup

4) Enter a sample size of 20 (figure 7-7)

Sample With

@ Show Sample Values

b4

Replacement

¢ Show Freg. Distn

Fixed

-

Sample Size:

20

Sample

Values

Figure 7-7: Sample size

5) Enter 1000 for the # of Simulations (figure 7-8)
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Simulation Log Log of Sample

Statistic(s)
7 > ~ How

Many? i
HEefresh I
# of Fast w |Sample Statistics
Simulations: 1000 0 ﬂ

Simulation
i 0

Figure 7-8: # of simulations

6) The Sample Statistics formula (Cell K11) is “=SUM(Sample)/20” (figure 7-9).
Recall that “Sample” is the named range for the Sample Values. Dividing by 20
calculates the proportion of returns.

fe | =sum(sample)/20
E F

Figure 7-9: Sample statistic formula in cell K11

7) Click the “Simulation: One Element” button several times to see the first few
elements of the resample.

= » » « =
Figure 7-10: Simulation: One Element button

8) Click the “Simulation: One Resample” button to fill in the remainder of the first
resample. You can click this button a few more times to watch the “Stat1” named
range (output range below Sample Statistics formula) begin to fill.

= » » « m

Figure 7-11: Simulation: One Resample

9) Click the “Simulation: Simulate” button to complete the entire simulation.
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Figure 7-12: Simulation: Simulate

10) Calculate the 90% Confidence Interval by selecting an empty cell and entering the
Excel function for the 5™ percentile as follows: =PERCENTILE(Stat1, 0.05)

11) In the cell below the 5t percentile formula, enter: =PERCENTILE(Stat1, 0.95)
to calculate the 95" percentile.

12) The 90% confidence interval is from 0.05 to 0.35 (identical to the StatCrunch
simulation)

90% Confidence Interval
5th % 0.05
95th % 0.35

Figure 7-13: 90% confidence interval

13) Create a histogram by selecting “BoxSampler-> StatCharts-> Histogram” and
enter “Statl” for the Data Input Range and an empty cell for the “Top Left Cell
for Freq. Table”. Click Draw (figure 7-14)

Box Sampler Histogram x|

Data Input Range: I Statl J Draw

Top Left Cell for Freq. Table: | Simnulation! $8$34 J Close

® Auto-Binning

" Specify Number of Bins
" Specify Bin Width

" Integer Auto-Binning

® Y-Axis Display Counts " ¥-Axis Display Percent Total

" Cumulative Frequency Chart [ Distribution Chart

Figure 7-14: Box Sampler Histogram dialog

14) Box Sampler Histogram (figure 7-15)
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Figure 7-15: Box Sampler Histogram output

Resampling Stats Procedure

1) After loading the Resampling Stats add-in, use the Urn feature or manually enter
4 “1’s” and 16 “0’s” in cells A1:A20 (figure 7-16).
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Figure 7-16: Product purchase and returns data

2) With cell Al selected, choose “Resample” (with replacement) from the
Resampling menu.

3) Select cell C1 for the Top Cell of the Output Range and use 20 for the Number of
Cells in the Output Range. Click “OK” (figure 7-17).

Single Row /Column Resampling

Input Ranga: |$.-’-‘«$1 page0 5|

Top Cell of Output Range |$C$1 E Cancel

HNumber of Cells in Output Range: IED Help

Figure 7-17: Resample dialog

Ju),
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4) Use the Excel function “=SUM(C1:C20)/20” to find the proportion of returns.
This formula can be placed in any empty cell near the resample output range (for
example, cell C22).

r Jf | =sUM(C1:c20)/20
C D E

== e R = == = = I =D = = = =]

0.35

Figure 7-18: Find the proportion of returns using the formula =SUM(C1:C20)/20

5) With the “=SUM(C1:C20)/20” cell selected, choose “Repeat and Score” from the
Resampling menu.

6) Use 1000 for the Number of Trials. Click “OK” (figure 7-19).
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Repeat and Score - 1 Independent Samples X

Flease click or select the cell(s) or range(s) you want to scare. oK
Use the Cirl key to enter non-contiguous cells. You may also
type in cell or range addresses. Use the comma () to separate
individual or non-contiguous cells or ranges. Use the [/ fo
separate sheets.

Sheetl!fCEz2
_ Heln

— Iterations

I 1000] Mumber of Trials

— Results

Cancel

(% Results Workshest

" Frequency Distribution \Worksheet
Figure 7-19: Repeat and Score dialog

7) When the simulation has finished, order the data (sort) on the Results sheet in
column A from low to high.

8) The range from Al to A1000, which contains the sums of all the resamples, is
named “result1”. Find the 5" and 95™ percentiles as we did in Box Sampler. In
an empty cell (D1 for example), enter the native Excel formula:
=PERCENTILE(result1, 0.05) for the 5™ percentile and in cell D2, enter
=PERCENTILE(result1, 0.95) for the 95" percentile. Again we see a 90%
confidence interval from 0.05 to 0.35 (figure 7-20).

- fx | =PERCENTILE(resultl, 0.05)
C D E F
sthes 0.3
95th % 0.35

Figure 7-20: 90% confidence interval using Excel’s =PERCENTILE() function

9) Create a histogram by choosing the histogram feature from the Resampling menu.
Select cell Al for the Data Input Range and any convenient empty cell for the
Top Left Cell for Freq. Table. Click “OK” (figure 7-21).
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istogram Resampling Stats in Excel ]|

Data Input Range: |$.-’-\$1 E | Drz I
Top Left Cell for Freq, Table: |$C$4| E

Close |
& Auto-Binning Help |
(" Specify Nurmber of Bins

(" Specify Bin Width

Figure 7-21: Resampling Stats Histogram dialog

10) The histogram is similar to Box Sampler.

250 -~
200
150
100
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Proportion of Returns

Figure 7-22: Resampling Stats histogram

Note: In the examples above, we divided the sum of returns in each resample by 20 in
order to calculate the proportion of returns. This is somewhat inefficient and results in an
unnecessary division for each trial. 1f we use 1000 trials, then we have 1000 divisions!
A more efficient procedure would be to resample the sums of the returns and calculate a
90% confidence interval using the sums only. Then divide the 5™ and 95™ percentile
sums by 20 to produce the proportions. To illustrate, in each of the above examples the
5" percentile sum = 1 and the 95" percentile sum = 7. Dividing both 1 and 7 by 20 (1/20
and 7/20) returns the correct percentile values for the proportions, 0.05 and 0.35
respectively. However, computer time is inexpensive and there is nothing wrong with
doing a few extra divisions!

Binomial Formula

A baseball player has a 0.3 probability of getting a hit in each at bat (a 0.300 hitter).
What is the probability that he will get exactly 3 hits in 5 at-bats?
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Excel

We can use Excel to provide a formula approach as follows:
1) Start Excel and select a cell to hold the needed function
2) Click on the fx button to start the Insert Function dialog

3) Enter BINOM.DIST in the Search for a function and click OK

~BINOM.DIST
Mumber_s |3| B = 3
Trials |5 E}}j = 5
Probability_s [0, B = 03
Cumulative |FaLsE 8] = FaLsE
= 0.1323

Returns the individual term binomial distribution probakbility,

Mumber_s is the number of successes in krials,

Formula resul = 0,1323

Help on this Function (04 I Zancel

Figure 7-23: =BINOM.DIST arguments

4) The =BINOM.DIST function takes 4 arguments. The first argument is
Number_s, the number of successes in trials. In this problem, this argument = 3,
which is the number of hits.

5) The second argument is the number of trials. There are five at-bats, so the
number of trials is 5.

6) The third argument is the probability, 0.3.

7) The final argument is either TRUE or FALSE depending on whether we want a
cumulative (TRUE) or exact (FALSE) value. We want the probability of getting
exactly 3 hits, so the argument is FALSE.

8) Note: Instep 7, if we were to choose TRUE, we would be determining the

probability of getting 3 or fewer hits in 5 at-bats. This results in a much higher
probability since we would count 3, 2, 1 or 0 hits as successes.
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9) You can see the value of =BINOM.DIST(3, 5, 0.3, FALSE) in the Function
Arguments dialog (= 0.1323), but click OK to complete the function wizard and
place the formula in the worksheet.

Clipboard Font
Al - § =EINGM.DIST{B,S,D.B,FALSE}
i B C D E F

1 0.13 23!

2

Figure 7-24: Probability of getting exactly 3 hits

Resampling Stats Procedure

1) Load Resampling Stats into Excel and create the following data range in cells
A1:A10 to simulate the 3 chances in 10 of getting a hit (0.300 batting average):

Al

A B

L= e R R = R B A R
o o O O O O O = e e

=
=

11

Figure 7-25: Resampling Stats model for hits in 5 at-bats

2) Select cell Al (the top cell in the data range) and choose Resample from the
Resampling menu (or click the R button in the Resampling toolbar).

3) Select cell C1 as the top cell of the output range and enter 5 as the number of
output cells:
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A B C D E F G H
1 1
2 1 x|
3 1
a 0 Input Range: |$F'.$1 hagL0 Eﬂ
3 0 Top Cell of Output Range $CE1 B L':Ell
6 i)
2 0 Mumber of Cells in Output Range: |5 LIDI
8 i)
9 1]
L] i)
11
12

Figure 7-26: Resample dialog for hits example

4) Click OK

5) In cell C6, enter the formula =SUM(C1:C5)

fe | =sum(c1:CS)
D E

o

A B

4
]
.NI—‘I—":‘":-‘“:‘

=N R R - R TR R R R
00 00 000 P e

Figure 7-27: Calculate the number of hits

6) Select cell C6 (or whichever cell contains the =SUM() formula) and choose
Repeat and Score from the Resampling Menu:
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Ty | F.cpeat and Score - 1 Independent Samples x|

§ Please click or select the cellis) or rangels) wou wankt to score, o
Ilse the kel kew to enter non-contiguous cells. You may also tvpe — 1
C [ incell or range addresses. Use the comma () to separate k
individual or non-contiguous cells ar ranges, Lse the | ko separate Cancel
o sheets,
0 Sheet1 1446
eek]!
0 J Help |
1 — Iterations
1 I 1000 Murnber of Trials
1l
* — Results

% Results Wiorksheet
i Frequency Distribution Wiarksheat

™ Both Results and Frequency Distribution worksheats

Figure 7-28: Repeat and score the number of hits

7) Enter 1000 trials and click OK
8) In the Results sheet, enter =COUNTIF(resultl, “=3") in cell Bl

Bl - Jx | =COUNTIF(result1,"=3")

A B E D E F
131

U'l-ﬁlWMI-l|

W R =S

Figure 7-29: Instances in 1000 trials of exactly 3 hits in 5 at-bats

9) In this example, there were 131 instances of 3 hits in 5 at-bats. Thisisa
probability of 131/1000 or 0.131.

10) To create a histogram, select the top cell of the output range in the Results
worksheet (cell Al).

11) Choose Histogram from the Resampling menu or toolbar.

12) Select cell D1 as the Top left cell for the frequency table and select the Integer
Auto-binning option.
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Histogram Resampling Stats in Excel 5[
Data Inpuk Range: [$a51 =7 | Dy I

. =
Top Left Cell for Freq. Table: $D%1 Clase |

e Auko-Einning Help |
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£~ Specify Bin Width
¥ Integer Auto-binning
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Figure 7-30: Histogram dialog for hits example

13) Click Draw

D E F G H 1 J K L

Bin Midp_ﬂ;Cuuntﬁ % Total Cu. Freq.
0 154 15.4 15.4
1 380 38 53.4

2 311 31.1 84.5 200
3 129 12.9 97.4

4 24 2.4 99.8) 300

5 2 0.2 100 E 549

8
100

Figure 7-31: Histogram for hits example using Resampling Stats

14) The histogram in Figure 7-31 is similar to figure 7-5 in the text. Note the Counts
in each bin. The figure above was created using a new run of 1000 trials. In this
new example, there were 129 instances of exactly 3 hits in 5 at-bats. How do the
counts (divided by 1000) compare with the table preceding figure 7-5 in the text?
See if you can figure out the meaning of the %Total and Cu. Freg. (Cumulative
Frequency) columns.
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Box Sampler

1) Load Box Sampler in Excel and choose the Box Sampler>New Model menu.
Enter 5 for the Sample Size in the opening dialog and click OK.

Box Sampler Startup Diala x|

— Model Definition

Model Type IEh:lx - I
#Populations IDnE - I

™ OneSampler  © Twao Samplers

— Inputs

You may change these values later,

Sample Size |5|

# Simulations |1

#Tesk Statistics I 1

Ik | Cancel |

Figure 7-32: Box Sampler opening dialog

2) Inthe Box, enter 1 as the first value and 3 for How Many. Enter O for the second
value and 7 for How Many.

3) Enter 1000 for the # of Simulations and in cell K11 (the Sample Statistic cell),
enter the formula: =SUM(Sample)

(Recall that Sample is the name of the range holding the sample values)
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.ampleStatStart - Je | =sUM(sample)
A B E D E F G H J 58
Box Sampler

BOX Sample With - Simulation Log Log of Sai
O e How

{®) Show Sample Values Many? I_

"y Show Freq. Distn Retrest

Fixed - # of Fast w |Sample Stati
Yalue How many [Remaining Sample Size: 5 Simulations: 1000 0
1 3 3 Sample Simulation
0 7 7 Walues 0

Figure 7-33: Box Sampler setup for hits example

4) In the Box Sampler toolbar or menu, click “Simulate”

5) The sum (hits) from each sample will be placed in the Statl range below the
Sample Statistic cell.

6) When the simulation has completed, choose an empty cell, say cell F20, and enter
the following formula: =COUNTIF(Statl, “=3")

(Recall that Stat1 is the name of the range of output values below the Sample
Statistic)
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=COUNTIF(Stat1,"=3")
E F G H J K

Sample Witk - Simulation Log Log of Sam
- Replacement Statistic(
. How

) Show Sample Values Many? l_
¢y Show Freq. Distn Refresh

Fized hd # of Fast w |Sample Statis
Sample Size: 5 Simulations:(  ;pqp 1
Sample 0 Simulation 1 Z2
Values 0 1000 2 1
0 3 1
0 4 2
1 5 2
o 2
7 2
8 4
| 133l g 3
10 0

Figure 7-34: 138 instances in 1000 trials of exactly 3 hits in 5 at-bats

7) In this example, there were 138 instances of exactly 3 hits in 5 at-bats. This gives
us a probability of 0.138

8) You can create a histogram by selecting the Box Sampler>StatCharts>Histogram
menu item.

9) Enter Statl in the Input cell and select an empty cell (say C23) for the Top left
cell of the frequency table. Choose the Integer Auto-binning option.
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Box Sampler Histogram 5[

Data Input Range: [ st [ Draw

Top Left Cell for Freq, Table: [smuateriscszs _| Close

" ALto-Binning

" Specify Number of Bins
" Specify Bin Width

# Integer AUto-Binning

+ ¥-Axis Display Counts " ¥-Axis Display Percent Total

[™ Cumulative Frequency [ Distribution Chart

Figure 7-35: Box Sampler histogram for hits example

10) Click Draw

11 1
Bin MidPt ICounts % Total Cu. Freq. 12 3
0 176 176 176
1 365 36.5 54 1
2 295 295 836
3 137 137 973 400
4 25 25 99 8
5 202 100, , >°°
S 200
8

100

| 27 2

Figure 7-36: Box Sampler histogram output

11) The histogram in figure 7-36 was based on a new run of 1000 trials. Note that it
is similar to the histogram in figure 7-5 in the text. In this new run, there were
137 instances in 1000 trials of exactly 3 hits in 5 at-bats. Compare the counts
above (divided by 1000) with the table preceding figure 7-5 in the text. Note: |
had to make column E wider in order to view the values in the % Total column.
What do you think these %Total values represent? What about the values in the
Cu. Freq. column?
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StatCrunch

1) Start StatCrunch and enter 3 1s and 7 Os. Change the column name to “box” as
shown below:

StatCrunch | | Edit [

b )

|
[
=

L T T [ O 7K L
(e e Ry RleRleRlsBlall N sl

—
L]

11

Figure 7-37: StatCrunch model for hits example

2) Select Data>Sample and choose box for the column. Enter 5 for the Sample Size,
1000 for the Number of Samples and select Sample with Replacement. Choose
Compute Statistic and enter: sum("Sample(box)") as shown in the next figure.
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Sample Columns

Select columns:
:  [box

Sample size:
Number of samples:

sampling options:

M Sample with replacement

I Sample all columns at one time
" Save row ids for samples

Store samples:

© Split across columns

C Stacked with a sample id

% Compute statistic for each sample
|sum(”6ample(box)")
e.q. mean{"Samplefcol_name)"

| Build |

Column name{s):

Prefix:

Seeding:
® Use dynamic sead
 Use fixed seed

12641

| ? H Cancel H Compute!

Figure 7-38: Sample columns setup

3) Enter hits for the Column name and click Compute!

4) We now need to count the number of occurrences of exactly 3 hits. Select
Stat>Summary Stats>Columns and choose the hits column. Enter “hits=3" in the

Where: editbox (as follows):
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Summary Stats ®

Select column(s):

b =1 |hits —
Where:
[hits=3 | Build |
Group by:
| --optional-- ;l
Statistics:
r—l Y
Mearn
ariance
=td, dev,
=td. err, -

Percentiles { comma separated):
|——optior‘|al—— Enter 30 for 20th |

Other statistic (use x for data, e.g. mean{x)):
|——optior‘|al—— Build |

" Store output in data table

7 Cancel Compute!

Figure 7-39: Summary statistics

5) Click n in the Statistics box. The n entry provides a count of the number of 3’s in
the hits column.

6) Click Compute!
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[options |~ =

Summary statistics:
Where: hits=3

Eﬂlumn| n
hits | 130

Figure 7-40: 130 instances in 1000 trials of exactly 3 hits in 5 at-bats

7) There were 130 instances in 1000 trials of exactly 3 hits in 5 at-bats.

8) Making a histogram is simple. Click Graph>Histogram and choose the hits
column. Click Compute!

[options | 5 % |

Fregquency

200

200

100 I I

0] .
Q 1 2 3 4
hits

Figure 7-41: StatCrunch histogram for hits example
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7.7 Confidence Interval for a Difference in Means

Resampling Stats Procedure

1) If you haven't done so already, copy (or download) the data from Vendor A in
column A and the data for Vendor B in column B. If you have been working in
RSXL, press reset in the RSXL menu to clear the model.

2) Highlight the entire data range, A1:B12 and select Resample from the RSXL
menu.

3) Choose D1 as the Top Left Cell of the Output Range and the Resample Within
Columns option. This option creates a two-box model by keeping the vendor
columns separate and independent of each other. Click OK.

4) In cell F1, enter the formula "=AVERAGE(D1:D12)" and in cell F2, enter the
formula "=AVERAGE(E1:E10)".

5) In cell F3, enter the formula "=F1-F2" to calculate the difference in means
between the independent column (two-box) resamples.

6) Highlight cell F3 as the score cell and select Repeat and Score. Try 1000 trials.
Click OK.

7) Create a 90% confidence interval by entering the formula
"=PERCENTILE(result1,0.05)" in cell C1 and "=PERCENTILE(result1,0.95)" in
cell C2.

StatCrunch

1) We will use two columns for the two box model. Open StatCrunch and copy/paste
the Vendor data from the Excel workbook (download <here>) or load the Excel
workbook directly into StatCrunch using "Data> Load Data> from file" and select
"My computer”. Browse and select the Excel workbook downloaded above,
making certain to uncheck the "Use first line as column names" (the first line
contains data!). Click "Load File" at the bottom of the dialog.

2) Rename the first column "A" and the second column "B" (figure 7-42).
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vendors.xls
vendors.xls

[en ]

StatCrunch Edit Data

R oy 4, E

1 14.2 12.4
2 151 126
3 1.9 146
4 12.8 12.8
= 127 11.%
= 14 121
7z 12.5 12.3
=] 14.2 122
= 14.9 147
10 121 14.%
11 124

12 132.2

13

Figure 7-42: Two box model

3) For vendor A, select Data> Sample. Select column A, enter 12 as the sample size,
check "Resample with Replacement”, and enter 1000 as the number of trials. The
Statistic expression is:
mean("Sample(A)")

Name the new column “meanA” and click Compute! (figure 7-43).
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Sample Columns x

Select columns:

B - -

Sample size:
Number of samples:

Sampling options:

M Sample with replacement

" sample all columns at one time
[T Save row ids for samples

Store samples:

© gplit across columns

 stacked with a sample id

& Compute statistic for each sampls
|mean(”SampIe(A)") Build
&g, mean("Sample(col_nams)")

Column name(s):

Prefix:

Seeding:
# Use dynamic seed
C Use fixed seed

12641

Ef

‘ Cancel H Compute!

Figure 7-43: Sample columns dialog two-box model (Vendor A)

4) For vendor B, repeat the above, selecting column B, 10 as the sample size, and
Statistic expression:

mean("Sample(B)")
Rename the new column "meanB".

5) Find the difference in the means by selecting "Data>Compute Expression™ and
entering:

meanA - meanB
as the expression and "diff" as the new column name. Click Compute!

6) Find the 90% confidence interval by selecting "Stat>Summary Stats>Columns".
Select the "diff" column and enter 5, 95 in the Percentiles box (figure 7-44).
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Summary Stats

Select column{s):

A, =1 | diff =
B

meand,
meang

where:
|——optiona|—— Build
Group by:
| --optional-- LI
Statistics:
n 1=
Mean
Wariance i
std, dev,
std, e -
Percentiles {comma separated):
5,95 |
Other statistic {use x for data; e.qg. mean{x)):
|——optiona|—— | Build |
[ Store output in data table
? ‘ Cancel ‘ | Compute!

Figure 7-44: Calculate the 90% confidence interval by specifying percentile range

7) The output of one complete 1000 trial simulation is shown below in figure 7-45.
Note that the 90% confidence interval contains 0, which means that we can't rule
out random factors or chance as a cause for the difference in means.

Sun mary statistics

Column| n Mean Vartance std. dev. 5td. err.  |Median |Range | Min Max o Q3 ath Per, 25th Per.

Figure 7-45: Summary statistics with 90% confidence interval

Box Sampler

We will use two-boxes and enter the data as shown in the table. To create a two-box Box
Sampler workbook.

1) In the startup dialog, select “#Populations: Two"
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2) Enter the data from the table into the two boxes. Vendor A in box 1 and Vendor B
in box 2.

3) Incell R11 (Sample Statistics cell) enter the formula =AVERAGE(Samplel)-
AVERAGE(Sample2) to calculate the difference in means

4) In cell P1, enter the formula =PERCENTILE(Stat1, 0.05)
5) In cell P2, enter the formula =PERCENTILE(Statl, 0.95)

6) Run the model and note the confidence interval expressed by the percentile
functions in cells P1 and P2.

A macro-enabled workbook illustrating this Two-Box simulation can be
downloaded <here>

Note: The number of simulations in the macro-enabled workbook is 1000. If you
have a slower computer, you may want to use the "Superfast"” setting (above the
value for the number of simulations) or enter a smaller number of simulations.

An example workbook is shown below in figure 7-46:

A 8 C ¥ L ! ! " A ' )
' BoxSampler %th Rercentie 0111917

[ Sampe -1 oo, - Shmsaation Lag Lo o Samy
o A ~ J
e
S Sy Vit M) |
O Whw breg D

Seradatin

H

e fon fom f oo [ fon fou [ P Jon

Figure 7-46: Box Sampler output

Notice the two boxes, one for Vendor A and one for Vendor B. The 90%
confidence interval is calculated at the top of the worksheet in cells P1 and P2.
The difference in sample means of 0.48 is well within the 90% confidence
interval calculated in this example simulation.
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Two_Box.xlsm

7.8 Confidence Interval for a Difference in Proportions

Resampling Procedure for Cholesterol and Mi

1) Use column A for the “high” box and column B for the “low” box. Select the Urn
feature and enter the following for the high box (figure 7-47). Click OK.

Urn Contents

Il_ 1sk Walue How Mary'? |1EI
II:I— 2nd value Howe Marry? 125
I_ 3rd Malue How Mary'?
I— 4th Yalue Howe Marry?
I_ Sth Yalue How Mary'?

Cancel

L,

Help

Top Cell of Urn Cukput Range: adl B

11777

Figure 7-47: High box urn

2) Select the Urn feature again to populate the low box as shown in figure 7-48.
Click OK.

Urn Contents

Il— 1st Walue Howe Mary?
IIZI— Znd value How [Many? 49
I— 3rd Walue Howe Mary?
I— 4th Yalue How [Many?
I— Sth Walue Howe Mary?

Zancel

Help

i

d 11

Top Cell of Urn Qukput Range: Bfl B

Figure 7-48: Low box urn

3) Select Resample and fill in the dialog for the high cholesterol resample as shown
in figure 7-49. Click OK.
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Single Row,/Column Resampling

Input Range: |$.ﬁ.$1 Af135 |5 -

Top Cell of Qukput Range $D§1 5 Cancel

il

Mumber of Cells in Oukput Range: 135 Help

| Il |
Figure 7-49: Resample from the high box/urn

4) Repeat step 3 for the low box/urn. Fill in the Resample dialog as shown in figure
7-50. Click OK.

Single Row,/Colunin F

Input Range: |$B$1 $E4$470 E'I .

Top Cell of Qutput Range $E$1 5 Cancel

bl

Murmber of Cells in Oukpuk Range: 470 Help

Figure 7-50: Resample from the low box/urn

5) In cell G1 enter the formula =SUM(D1:D135)/135 and in cell G2, enter the
formula =SUM(E1:E470)/470. These formulas calculate the proportions of 1’s
in each box/urn. In cell G3, enter =G1-G2 to calculate the difference in the
proportions.

6) Select cell G3 and choose Repeat and Score. Cell G3, the difference in
proportions, is the statistic of interest in this model and is the score cell. Enter
1000 trials and click OK.

7) On the Results worksheet, enter =PERCENTILE(result1,0.025) in cell C1 and
=PERCENTILE(result1, 0.975) in cell C2 to calculate the 95% confidence
interval.

8) Create a histogram by selecting the top cell of the results (A1) and choosing the
Resampling Stats histogram feature. Select cell C5 as the Top Left Cell for the
Freg. Table. Click Draw. The resulting histogram for one simulation is shown in
figure 7-51.
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A B o D E F G H I i K
1 | 0.065485 -0.01723
2 | 0.045232 0.081247
3 | -0.00875
4 | 0.025059
EI 0.054846 IBin MidPﬂ_Counts % Total  Cu. Freg.
6 | 0.031521 -0.031 9 0.9 0.9
7 | -0.01087 -0.025 9 0.9 1.8
8 | 0.034752 -0.018 13 1.3 3.1
9 | 0.052797 -0.012 19 1.9 3
10 | 0.116233 -0.005 39 3.9 8.9 -
11| -0.01087 0.001 62 6.2 15.1 g
12 0.050512 0.008 71 7.1 22,2
13 | 0.045488 0.014 95 9.5 31.7
14 | 0.050591 0.021 104 10.4 42,1 T
15 -0.00457 0.027 96 9.6 317 ;
16 0.048463 0.033 90 9 60.7
17| 0.017809 0.04 88 8.8 69.5

Figure 7-51: 95% confidence interval (cells C1 and C2) and histogram

StatCrunch Procedure
1) Open a StatCrunch worksheet and select "Data>Compute Expression”

2) Inthe "Expression” box, enter: concat(rep("'1",10),rep("'0",125)) and enter "high"
for the New column name as shown in figure 7-52.

Compute Expression x

Expression:
|-::or‘|cat(rep{“1“, 100, repd"0", 1257 | Build |

Column label:
[high |

7 Cancel Compute!

Figure 7-52: Compute expression

3) Click Compute!
4) Repeat the procedure above using the expression:

concat(rep(*'1",21),rep(""0",449)) and "low" for the New column name. Click
Compute!
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5) You should see the following data in StatCrunch

StatCrunch Edit Data Stat Graph He

Row | high |y vars var4
1 1 1
2 1 1
3 1 1
< 1 1
= 1 1
=) 1 1
7 1 1
=i 1 1
9 1 1
10 1 1
11 o 1
12 o 1
12 o 1
14 o 1
1= o 1
1& o 1
17 o 1
158 o 1
19 o 1
20 o 1
21 o 1
22 o 0
23 o o
24 o 0

Figure 7-53: High/low box setup

6) Select Data>Sample

7) Select high as the column to sample. Enter 135 as the Sample size, 1000 as the
number of samples, and check the Sample with replacement option.

8) Select Compute statistic below for each sample and enter:
sum(*"Sample(high)™)/135 to calculate the proportion of 1s for each resample.

9) Name the new column "p1" and click Compute! (figure 7-54).
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Sample Columns

Select columns:
high =

[

Sample size:
Number of samples:

Sampling options:

M Sample with replacement

T Sample all columns at one time
T Save row ids for samples

Store samples:

C Split across columns

C Stacked with a sample id

& Compute statistic for each sample
|sum("Sample(high)")il35
e.g. mean("sample{col_name)")

| Build |

Column name(s):

ore

Seeding:
& Uze dynamic seed
C Use fixed seed

12641

‘ 7 | Cancel || Compute!

Figure 7-54: Sample columns

10) Repeat the above procedure and this time select low as the column and 470 for the
Sample Size. Check Sample with replacement and the Statistic formula is:

sum("Sample(low)")/470

11) Name the new column "p2" and click Compute! (see sample result in figure 7-
55):
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W dl

StatCrunch Edit Data Stat Graph Help

Row | high | oy pl p2
1 1 1 0.14074074 0035829757
2 1 1 005185185 0.02617021
= 1 1 01037037 0.03191459
4 1 1 002962963 0.02973723
= 1 1 0.08388888 0.04255319
& 1 1 006666668 0,057 44580
7 1 1 007407407 0.05531914
=] 1 1 01027037 0023617021
9 1 1 0L0EEEE66E5 005106353

10 1 1 006666668 002755357

11 ] 1 005925925 0.05957 446

12 0 1 01027037 004530851

13 ] 1 00814581458 0.06535744
14 0 1 0,081451458 005744580

15 ] 1 0L0EEEE66E6 004593617

1& 0 1 009629629 0.03191459

17 ] 1 DL0EEEE66E6 004255319

Figure 7-55: Sample proportions output

12) To calculate the difference between the resampled proportions, click

"Data>Compute Expression"

13) Enter "p1"-"p2" in the Expression box (you MUST include the quotes!).

14) Enter "diff" as the New column name (see below) and click Compute! Your
output should be similar to figure 7-56.

Compute Expression

Expression:

|“p1“_“p2“ | Build |

Column label:

|iff |
7 Cancel Compute!

Figure 7-56: Calculating the difference in proportions in columns p1 and p2
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15) The results will be similar to figure 7-57:

| StatCrunch ‘ | Edit | ‘ Data | ‘ Stat ‘ | Graph | ‘ Help ‘

Row | high [y pl p2 diff war
1 1 1 014074074 0.02829737 0,102442587
2 1 1 0,05185185 002617021 001568163
3 1 1 01037037 0.031914539 0,.07173851
4 1 1 002962963 002978723 -0.00015761
= 1 1 0,085885858 0.04255319 0.045353569
= 1 1 008866866 005744680 0,00921985
7 1 1 007407407 0,05551914 0,01875492
g 1 1 01037037 0.03617021 0.06753349
e 1 1 008566566 00510563583 0,.015602583
10 1 1 008866566 002765957 0,02200709
11 0 1 005925925 0.0595744E -0,0005152
12 0 1 01037037 0045680851 0056839519
1= 0 1 0,08143143 0.06535744 0,01552403
14 0 1 0,081451458 005744650 0,024032457
1= 0 1 008866866 0.045895617 0,01773049
1& 0 1 009629629 0.021314589 0,06455140
17 0 1 006666666 0.04255319 0,.02411347
15 0 1 006666666 003829787 0.02856879
12 0 1 008866566 0.04042555 0,02624113
20 0 1 009829629 0.05744680 0,02554245
21 ol 10 NERERRER N N4AR9ZA1 7 N NE9052 71

Figure 7-57: Difference in proportions in diff column

16) To calculate the 95% confidence interval, click "Stat>Summary Stats>Columns™

17) Select the diff column, enter 2.5, 97.5 in the Percentiles edit box (as shown
below) and click Compute!
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|| Summary Stats 4

Select column(s):
high ~|diff -
[
pl

2

Where:
|——optional—— | Build |

Group by:
[--optional-- |

Statistics:

|»

n
Mean
ariance
Std. dew,
Std. err -

Percentiles {comma separated):
[25,975 |

(Other statistic {use x for data, e.g. mean{x)):
|——optional—— | Build |

" store output in data table

? ‘ Cancel H Compute! ‘

Figure 7-58: Summary column statistics including 95% confidence interval (using the 2.5
and 97.5 percentiles)

18) The results are shown in figure 7-59. The 95% confidence interval is from (2.5"
Percentile) -0.013002364 to (97.5" Percentile) 0.083333333.

| Optans |

Figure 7-59: Summary statistics

7.9 Appendix A — The Parametric Bootstrap (OPTIONAL)

Resampling Stats

Using the Toyota data set as an example, here are the steps for Resampling Stats:

1) Find the mean and standard deviation (SD) of the data. Cell A23 in figure 7-60
contains the function =AVERAGE(A2:A21) and cell A24 contains the function
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=STDEV.S(A2:A21). In this case, the mean of the Toyota data is 17685 and the
sample (‘n-1’ version) SD is 3507 as shown in figure 7-60.

2) Incell D2 enter =RSXLNormal(17685, 3507) and copy this formula down the
worksheet to cell D21. This Resampling Stats function will generate a pseudo-
random number (using its RNG) from a Normal distribution having a mean of
17685 and a SD of 3507. See figure 7-60.

3) Enter =AVERAGE(D2:D21) in cell D23.

4) Select cell D23 and immediately choose Repeat and Score. When generating
random numbers, you do NOT use Resample prior to Repeat and Score. Each
time the worksheet updates, the random numbers will update, so the correct
procedure is to choose Repeat and Score as the first step.

5) Enter 1000 for the number of trials and click OK. Sample results are in figure 7-
62. Note that all values have been rounded to integers.

6) On the Results sheet we can find the 5™ and 95" percentiles by using the
=PERCENTILE function. In cell E1, enter =PERCENTILE(result1, 0.05) and in
cell E2, enter =PERCENTILE(resultl, 0.95). These functions will calculate the
5™ and 95™ percentiles respectively. In this example, the 90% confidence interval
is from 16443 to 19010. See figure 7-61.

7) Select cell Al on the Results sheet and create a histogram (figure 7-62).
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X9~
_ Home Insert Page Layout Formulas Data Review Viey

oPiot ~ il Save 7 &&E'ﬂ&mﬁgv
Open B8 Save as P |
Close Resampling ~
Menu Commands Toolbar Commands Custom Toolbars
D2 - A =RSXNormal(17685, 3507)
d_ A N (T - s s, O~ F
bz L Original Sample Resample (From Normal Distributio
2| 13500 o]
3 13750 14848
4 13950 19680
5 14950 9075
6 13750 15064
7 12950 14504
8 16900 21851
9 | 18600 14370
10 21500 19813
11 12950 14396
12 20950 13440
13 19950 13097
14 19600 19689
15 21500 15214
16 | 22500 12916
17 22000 16083
18 22750 16979
19 17950 22393
20 16750 9882
21 16950 15797
22|
23 17685 <- Mean - <- Resample Mean
24 3507 <- StDevS
2

Figure 7-60: Parametric bootstrap using Resampling Stats
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et External Data Connections
E1l v .ft| :PERCENTILE{rEELJltl, lI:I'.'I:I'S}

A B C (b} E F €]
15307 5th Percentile . 15443_
15402 95th Percentile 19010
15469

15485

15512

15758

15737

15873

15882

15523

15942

Ela |||~ ;| wn s w s

Figure 7-61: Parametric bootstrap results
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Figure 7-62: Histogram of sample means

Box Sampler

We will use the mean and SD of the Toyota data set (mean = 17685, SD = 3507)

1) Open Box Sampler and enter the following formula in the Box (cell B12):
=NORM.INV(RAND(),17685,3507)
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2) Copy this formula down to cell B31 for a total of 20 cells. Make certain that each
corresponding “How many” box has a value of 1. Enter 20 for the Sample Size

and 1000 for the # of Simulations (figure 7-63).

B12 - 5 =NCORM.INV(RAND(),17685,3507)
Al B c D |E F G H J K L
Box Sampler

1

2

3

4

3} BOX Sample Wiith - Simulation Log Log of Sample
B ) - Replacement Statistic(s)
7 Q > How

8

@ Show Sample Values Many? 1
g " Show Freq. Distn Retresh
10 Fixed - # of Fast w |Sample Statistics
11 value |Huw many |Remaining Sample Size: 20 Simulations: 1000 #DIV/ol
12| [ 17412.32 1 1 Sample Simulation
13 18115.19 1 1 Values 0
14 18181.07 1 1
15 14934.95 1 1
16 27592.13 1 1
I7 12618.05 1 1
18 17545.73 1 1
19 18721.71 1 1
0 19246.87 1 1
" 12297.87 1 1
12 17158.49 1 1
3 13733.4 1 1
A 19303.28 1 1
5 20143.31 1 1
6 21228.45 1 1
7 14084.29 1 1
8 19875.53 1 1
19 20281.24 1 1
30 16636.56 1 1
i 14857.7 1 1
32

Figure 7-63: Box Sampler setup for parametric bootstrap

3) Incell K11 (the Sample statistics cell) enter: =AVERAGE(Sample)

4) Run the simulation.

5) When the simulation finishes (be patient!), enter =PERCENTILE(Stat1, 0.05) in
cell 11 and =PERCENTILE(Stat1, 0.95) in cell 12 to calculate the 90% confidence

interval (figure 7-64). In this example, the 90% confidence interval is from 15888
to 19543 (rounded to integers).
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lenu Lommands | loolbar Lommands|  Custom loolbars
11 - Jx | =PERCENTILE(Stat1,0.05)
A B c D E F G H | J K L

Box Sampler Sth Percentile I 15888.3488!
95th Percentile 19543.4363

|
3
3
!
- BOX Sample With - Simulation Log Log of Sample
3 o - Replacement Statistic(s)
7 O > How
3 @ Show Sample Values Many? 1
] " Show Freq. Distn Refrash
0 Fixed A # of Fast w |Sample Statistics
1 Value How many |Remaining] |Sample Size: 20 Simulations: 1000 16808.8
2 17802.17 1 1 Sample 20552.30018 Simulation 1 18140.1
3 15590.14 1 1 Walues 18485.19016 1000 2 16765.7
4 15095.61 1 1 13763.61452 % 16911
] 14912.06 1 1 9750.65716 4 18590.8
6 15610.61 1 1 14198.28329 5 15924
7 17353.99 1 1 19034.80507 6 17157.1
8 112838.69 1 1 164938.77649 7 18026.7
Figure 7-64: 90% CI for the parametric bootstrap
StatCrunch

Using the Toyota data mean and SD (mean = 17685, SD = 3507) we will have
StatCrunch model the parametric bootstrap.

1) Open StatCrunch
2) Select Data>Simulate>Normal

3) As illustrated in figure 7-65, enter 20 for the number of rows (this is the sample
size) and 1000 for the number of columns (this is the number of trials). Enter the
mean (17685) and SD (3507) in the appropriate boxes. In the Store samples
section, enter: mean(Normal) in order to calculate the mean of each of the 1000
samples. Use ‘boot’ for the column label or Prefix and use Rounding to round the
values to 0 decimal places. Click Compute!

4) Calculate the 90% confidence interval by selecting Stat>Summary Stats>Columns
and selecting the boot column, choose a statistic (i.e. mean) and enter 5, 95 in the
Percentiles box (figure 7-66). Click Compute!

5) The results are displayed in figure 7-67.
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simulate Normal x

Number of rows and columns:

Rows:
Columns:

Normal parameters:

Mean: 17685
Std. Dev.: |3507

Store samples:

© Split across columns

© Stacked with a sample id

& Compute for each column (sample)
|mean(NormaI) Build
e.g. mean{Mormal)

Column name(s):

Prefix:

Seeding:
& Use dynamic seed
© Use fixed seed

12641

Rounding:
Do not round

EMNumber of dedimal places:

F.ounding modifies the actual data values, not just the
displayed values,

‘ ? H Cancel H Compute!

Figure 7-65: Simulate a Normal distribution, mean = 17685, SD = 3507
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Summary Stats ®

Select column(s):

boot =
where:
[--optional-- [ Build |
Group by:
|——optional—— Ll
Statistics:
n 2| |Mean =
ariance
Std. dev.
std, err, - -

Percentiles {comma separated):
[5, 5 |

Other statistic (use x for data, e.g. mean{x)):
|—-optional—— | Build |

Output:
" Store in data table

i

‘ Cancel H Compute! ‘

Figure 7-66: Find the 90% confidence interval

EA
Ll
®

Summary statistics:
Column Mean 5th Per. 95th Per,

boot 17686 681 183554 15986

Figure 7-67: Parametric bootstrap results 90% CI

7.10 Appendix B (Optional)

Resampling Stats

1) To create a box for Vendor A, enter the Resampling Stats function
=RSXLNormal(13.84, 0.70) in cell A1l. This function generates a pseudo-
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random number from the distribution having the specified mean and standard
deviation. Copy this cell down to cell A12 (figures 7-68 and 7-69).

SUM v (© ¥ « f =RSXLNormal(13.84,0.70)

A B C D E F G H 1

1 =R5¥LMormal{13.54,0.70)
2
3 Function Argumenkts llﬂ
a S¥LMormal
5 Mean [13.84 5B = 1384
6 StDev 0,70 B = o7
7
3 = 1349774032
This Function produces a random number From a normal distribution with a mean and skandard
9 deviation that ywou specify,
10 StDev
11
12
13
Formula result = 13, 75794869
14
15 Help on this Function | (84 I Cancel
16

Figure 7-68: Resampling stats RSXLNormal function

Al - fx | =RSXLMormal({13.84,0.7)
A B C D E F

1 | 13.73705

2 | 14.71935

3 | 14.85283

4 | 13.12087

5 | 12.98556

6 | 12.53171

7 | 15.11038

g | 14.98568

5 | 13.61065

10 | 13.41505

11 | 15.29481

12 | 13.08474

13 =

Figure 7-69: Copy cell A1 downward to cell A12
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2) Repeat the process for the Vendor B box, using a mean of 13.36 and a standard
deviation of 0.97. Enter =RSXLNormal(13.36, 0.97) in cell B1 and copy
downward to include cell B10.

3) We do not have to use the Resample dialog prior to Repeat and Score. The
=RSXLNormal() function will automatically generated a different random
number each time the worksheet is updated. This function behavior is standard
for both native Excel functions and user-created function procedures such as the
=RSXL random number generators. All we need to do now is to find the
difference in means between the two boxes. In cell D1, enter
=AVERAGE(A1:A12) — AVERAGE(B1:B10) as in figure 7-70.

D1 - Jx | =AVERAGE[A1:A12)-AVERAGE(B1:B10)
A B C D E F G
1| 15.12212 14.10754 I 0.634254!
2 13.2749 14.07526
3 13.28078 13.46747
4 | 14.48501 12.37379
5 | 14.25081 13.16077
6 | 14.33104 13.65562
7 14.05502 13.81463
8 | 13.88733 14.245342
9 | 14.20552 12.74673
10 13.84819 11.93657
11 132.89305
12| 13.47785
13

Figure 7-70: Difference in resample means: Vendor A — Vendor B

4) Cell D1 immediately becomes our statistic of interest or score cell. Select cell D1
and choose Repeat and Score. Enter 1000 for the number of trials and click OK.
Note that the values in both boxes update with each iteration.

5) Find the 90% confidence interval and create a histogram using the data in the
Results sheet. A sample output is shown in figure 7-71.
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Cl

b2

=PERCENTILE(result1,0.05)

1
2
3
4
5
]
7
8
9

10
11
12
13
14
15
16
17
18

A B C D E F G H I J
0.37329 -0.10867
0.86363 1.140882
0.506524
0.480811
0.38209 Bin MidPt Counts % Total Cu. Freg.
0.61729 -0.588 a 0.4 0.4
0.265276 -0.388 14 1.4 1.8
1.065939 -0.188 38 3.8 5.6
0.404315 0.012 103 10.3 15.9
1.088546 0.212 165 16.5 32.4
0.333716 0.412 227 22.7 55.1
0.620005 0.612 178 17.8 72.9
0.519143 0.812 138 13.3 86.7
0.40382 1.012 75 7.5 94.2 R s B B B B B B
0.342994 1.212 a2 42 98.4 e T T T
0.510258 1412 1 11 99.5 S
1.456982 1.612 4 0.4 99.9
0.464389 1.812 1 0.1 100

Figure 7-71: 90% confidence interval and histogram

6) Cell C1and C2 contain the =PERCENTILE(result1, 0.05) and
=PERCENTILE(result1, 0.95) functions respectively and display the 90%
confidence interval. The histogram was created by using the Resampling Stats
histogram feature as we have done in previous procedures.

Box Sampler

1) We need a Two-Box model for Box Sampler. For the first Box, enter the native
Excel formula =NORMINV(RAND(), 13.84, 0.70) in the Value cell (cell B12)
and for Box 2, enter the formula =NORMINV(RAND(), 13.36, 0.97) in Value
cell 112. Both of these formulas generate specific pseudo-random values from
Normal distributions having means of 13.84 and 13.36 respectively and standard
deviations of 0.7 and 0.97 respectively. We need sample sizes of 12 for Box 1
and 10 for Box 2, so copy cell B12 downward to cell B23 and copy cell 112
downward to cell 121. Enter 12 for the Sample Size of Box 1 and 10 for the

Sample Size of Box 2. In order to replicate drawing 12 and 10 numbers from the
box, without the values in the box changing as we draw each value, we will draw

each new sample WITHOUT replacement. Figure 7-72 illustrates the initial

setup.

Note: The Box Sampler setup is a bit different than the Resampling Stats setup. In
Resampling Stats, all pseudo-random numbers are generated or drawn from the box
before the means are calculated. In Box Sampler, as each value is drawn from the
box and placed in the Sample area, a worksheet update is executed, which changes

the values in the boxes prior to the calculations of the means. We do not want to

erase and rewrite new numbers on the slips we’ve already drawn! So, we need to
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resample WITHOUT replacement in Box Sampler using this model. This may seem
like it should not make a difference in the final confidence interval. Try the
simulation both with and without replacement to see what happens to the upper and
lower bounds of the 90% confidence interval.

B12 - Jfe | =NORMINV({RAND(),13.84,0.7)
A B C D E F G H J K L M M
1 BoxSampler
2
3
4 v v
g BOX Sample - 1 | without - BOX Sample - 2 | without -
6 . - Replacement . - Replacement
7 ) Q
5 (@ Show Sample Values (@ Show Sample Values
9 " Show Freq. Distn. " Show Freq. Distn. —
10 Fixed hd Fixed hd
11 Value |How many | Remaining Sample Size: 12 Walue |How many | Remaining Sample Size: 10
12 13.70098 1 1 Sample 13.32501 1 1 Sample
13 13.53545 1 1 Values 12.96059 1 1 Walues
14 12.77179 1 1 14.4231 1 1
15 14.08078 1 1 12.59611 1 1
16 13.85051 1 1 12.42454 1 1
17 13.73937 1 1 15.23361 1 1
18 13.71022 1 1 12.91431 1 1
19 13.58833 1 1 13.80318 1 1
20 13.82058 1 1 13.82784 1 1
21 13.74439 1 1 12.48008 1 1
22 14.20883 1 1
1 1

23 14.72544

Figure 7-72: Two-Box setup without replacement

2) Enter 1000 in cell Q11 (# of simulations) and in cell R11, enter
=AVERAGE(Samplel) - AVERAGE(Sample2) for the statistic of interest (the
difference in the means Vendor A — Vendor B). Click Simulate.

3) When the simulation has ended, find the 90% confidence interval by using the
native Excel =PERCENTILE as you did in the Resampling Stats procedure. For
your convenience, Box Sampler names the statistic output range “Stat1”. You
may also create a histogram using the BoxSampler>StatCharts>Histogram
feature.

4) You can download a macro-enabled Box Sampler workbook for this simulation
<here>.

StatCrunch

1) The procedure for StatCrunch will be a bit different than the procedures for
Resampling Stats and Box Sampler. We will not generate pseudo-random
numbers “on the fly”, but instead, we’ll generate two lists (boxes) of 10000
random numbers each. The first list (Vendor A) of 10000 numbers will be
generated from a Normal distribution having a mean of 13.84 and standard
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diff_means_vendors.xlsm

deviation of 0.70. The second list (Vendor B) will be generated from a Normal
distribution having a mean of 13.36 and a standard deviation of 0.97.

2) Open StatCrunch and select Data>Simulate>Normal. Enter the values as shown
in figure 7-73, keeping the default settings for all other entries. Name the column
vendorA or something similar. Click Compute!

Simulate Mormal ®

rNumber of rows and columns:

Rows:
Columns:

MNormal parameters:

Mean:
std. Dev.

Store samples:

@& Split across columns

O Stacked with a sample id

' Compute for each column (zample)

e.q. mean{Mormall

Column name(s):

Prefix:

Seeding:
& | J=e dvnamic seed

Figure 7-73: Simulate Vendor A using Normal distribution, mean = 13.84, SD = 0.70

3) Repeat step 2 for Vendor B, using a mean of 13.36 and SD of 0.97. Rename the
column vendorB or something similar.

4) Select Data>Sample, choose the vendorA column, enter a sample size of 12,
check Sample with replacement, and enter 1000 as the number of samples. In the
Compute for each column (sample) enter: mean(vendorA). Name the column
meanA or something similar. Click Compute! (see figure 7-74).
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Sample Columns

vendors

mean; Samplefvendora)) -

Sample size:
Mumber of samples:

Sampling options:

M sample with replacement

[T sample all columns at one time
7 Save row ids for samples

Store samples:

© Split across columns

C Stacked with a sample id

® Compute statistic for each sample
|mean("Sample(vendorA)") | Build |
&g, meand"samplelcol_namei'")

Column name({s):

Prefix:

Seeding:
& Use dynamic seed
T Usze fixed seed

12641

E

‘ Cancel H Compute!

Figure 7-74: Resample for Vendor A

5) Repeat the process for Vendor B as shown in figure 7-75.
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Sample Columns

Select columns:

vendord, Al |vendorg =
meara, - -
Sample size:

Number of samples: [1000

Sampling options:

I sample with replacement

T sample all columns at one time
[T save row ids for samples

Store samples:

C Split across columns

" stacked with a sample id

® Compute statistic for each sample
|mean(“Sample(vendorB)“) Build
e.g. mean{"Sample(col_name)")

Column name(s):

prec

Seeding:
& Use dynamic seed
O Use fixed seed

12641

B

‘ Gancel H GCompute!

Figure 7-75: Vendor example (vendorB)

6) Select Data>Compute Expression. Enter the expression "meanA"-"meanB" (you
MUST use quotes!) and a column label of diff (figure 7-76). Click Compute!

Compute Expression

Expression:

"means”-"meang" Build |

Column label:

|diff |
Cancel Compute!

Figure 7-76: Calculating the difference in resample means
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7) Your worksheet should look something like figure 7-77.

StatCrunch | | Edit | | Data | | Stat | | Graph | | Help |

Loy wvendord, | vendorg means, meang diff v
1 12902092 14722357 14026718 1319839 0.82832756
2 12.73695% 12.865842 12,7004 12920302 0.78009678
= 144837561 14110797 132.97855e 13, 404529 057402685
4 12606002 14110229 14027559 13.429811 0.59774819
5 12446417 12431874 13.744636 13078459 06661772
& 1353751 15053941 13.872945 13 446437 042650726
7 1241718 132397106 13.78686l16 13535462 023315375
o 12485344 131537269 12.985712 134932180 0.43249476
9 14692874 12357829 13711952 1327032711 000824110
10 14122285 12582788 140582322 13027801 1.030531
11 1280927 12137279 13.984251 12075322 0,908392056
12 1483092 13.314315 13.472359 13536485 -0.0641257
1z 120374483 126153249 132782737 13192257 0.53047988
14 12827328 14017125 132.972256 132094431 087782572
15 14608695 12674141 13.471012 13671309 -0.2003963:
1& 12948388 12149741 132.506834 12951452 061538111
17 14791846 132539139 13901516 13020553 0.88035328
15 12851718 12978503 132.62019%9 12980353 0.63984664
19 14977034 1=Z.64188 14.020498 1=.29524 0. 72525804
20 1288218 1408327 132.846815 13487639 035917605
21 12290608 12999414 140901458 13714581 0.37556591
22 13784498 13762006 13.802647 13279055 05235919

23 141841458 11.401661 14049755 1372915 0.32080535

Figure 7-77: StatCrunch worksheet after calculating difference in means

8) Find the 90% confidence interval for the diff column by selecting Stat>Summary
Stats>Columns and selecting the diff column. Click n (you must select at least
one statistic) enter 5, 95 in the Percentiles box as shown in figure 7-78. Click
Compute!
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Summary Stats *®

Select column(s):

vendord, =1 |diff =
vendorg
meand,
meang

Where:
|——optiona|—— | Build |

Group by:
| -—opticnal-- j

Statistics:

Mean

“ariance
Std. dew.
std, err -

Percentiles {comma separated):
[5. 95 |

Other statistic (use x for data, e.g. mean(x)):
|——optiona|—— | Build |

" store output in data table

‘ ? H Cancel H Compute! |

Figure 7-78: Column Statistics for diff (n and Percentiles only)

2 %

Summary statistics:
lColumn‘ n | Sth Per. ‘95th Per,

diff ‘1000|—0.1447989?‘1.1191126

Figure 7-79: 90% confidence interval

9) The 90% confidence interval for the example simulation is shown in figure 7-79.
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8 Hypothesis Tests

8.1 Review of Terminology

Example

An online merchant has historically experienced a 10% return rate in the
"kitchen gadget" category. In an effort to reduce returns, it does a pilot in
which it invests in additional explanatory information and pictures about
several products. Out of the next 200 purchases, 16 are returned. Is the
pilot effective?

Resampling Stats

1) Use the Urn or manually enter 9 0’s and a 1 in cells A1:A10. Select Resample
and complete the dialog as shown in figure 8-1.

Single Row /Column Resampling

Inpuk Range: |$.ﬁ.$1 $afi0 = i

Top Cell of Qutput Range $041 5 Cancel

FliEY |

MNurber of Cells in Output Range: 200 Help

BEEEEEEERE
Q0 Q0 Q0 9 90 9 Q =

11 ‘
Figure 8-1: Return rate

2) Incell E1, enter =SUM(C1:C200)

3) Select cell E1 (the score cell) and choose Repeat and Score. Enter 1000 trials and
click OK.

4) On the Results sheet, enter =COUNTIF(resultl,"<=16") in cell C1. Figure 8-2
shows the results of an experiment:
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Menu Commands Toolbar Commarnds Custom Toolbars

C1 M J | =COUNTIF(result1,"<=16")
A B C D E F
1 16 1921
2 13

3 17
Figure 8-2: 192 values: an estimated p-value of 0.192

5) The estimated p-value is 192/1000 or 0.192. Create a histogram and compare it to
figure 8-1 in the text.

Box Sampler

1) Open Box Sampler, choose a one box model, and enter values as shown in figure
8-3.

implesStatstart Je | =sUM(Sample)

A B C D E F G H J K L
Box Sampler

BOX Sample With - Simulation Log Log of Sampl
® Replacement Statistic(s)
O > How
o Show Sample Values Many? 1
"y Show Freg. Distn Refresh

Fixed hd # of Fast w | Sample Statistic
Value How many |Remaining Sample Size: 200 Simulations: 1000 0
1 1 1 Sample Simulation
9 9 Values i 0

Figure 8-3: Box Sampler setup

2) Click Simulate and have patience! When the simulation has ended, enter
=COUNTIF(Statl,”’<=16") in an empty cell such as J1. One such result ended
with 189 instances of 16 or fewer returns for an estimated p-value of 0.189.

StatCrunch

1) Open StatCrunch and enter the values representing the box (1-1 and 9-0’s). Select
Data>Sample and enter the information in the dialog as shown in figure 8-4 (the
new column name should be “results™). Click Compute!
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8 e Columns x

P

StatCrunch | | Edit

-
Select columns:
Row box
! 1]
e 0 Sample size: [200
3 )
4 TG
? : Number of samples: {1000
5 )
E Sampling options:
fe M Sampie with replacement,
G r sampe &l columns at one time
I" Save row Ids for samples
10
11 Store samples:
12 € <plit across columns
13 Csy,
; & Come '
14 Compute Statst
1e [sum(s s(Box)") | Bulla |
16 &.Q. mean( "Sample{col_name)”)
i Column name(s):
-1 | | IR <
19 Frefi resylre
20
x Seeding:
: @ Use dyne d
22 C Use fixe
24
25 zl
26

.- EI Cancel ” Computal

Figure 8-4. Sample Columns

2) Select Stat>Summary Stats>Columns and enter the data shown in figure 8-5.
Click Compute!

Summary Stats x

Select column(s):

box ~|results =
Where:

|resu|ts-:::16 | Build |
Group by:

|——optiona|—— LI

Statistics:

Mean

wariance

std, dev,

Std, err, -

Percentiles {comma separated):
|--optional-- Enter 30 for 30th |

Figure 8-5: Column statistics using the Where: function

3) The result of one experiment is shown in figure 8-6.
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2

Summary statistics:
Where: results<=1¢&

Cnlumn| n
results | 224

Figure 8-6: p-value estimate = 0.224

4) There were 224 “successes” which is a p-value estimate of 224/1000 or 0.224.

Example

The next example uses the same sample results, but a different scenario, to
illustrate the different question that the confidence interval seeks to
address. An online merchant wants to get an accurate estimate of its
return rate. Out of the next 200 purchases, 16 are returned. This is an 8%
return rate, but how accurate is this estimate?

Resampling Stats

1) Create a box/urn using the Urn feature (figure 8-7).

Urn Contents
|1 1st Walue Hows Mary'?

IIZI— 2nd Yalue Howa Many'? 154 Cancel
I— 3rd Walue Hows Mary'?
I— 4th Yalue Howa [Many’?
I— Sth value Hows Mary'?

16

i

Help

J77

Top Cell of Urn Qukput Range: a4l B

Figure 8-7: Resampling Stats Urn feature

2) Select Resample and fill in the dialog as follows (figure 8-8).
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Single Row,/Column Resampling

Input Range: |$F'.$1 a$200 == b

Top Cell of Sutput Range $C41 5 Cancel

Jdi

Murmber of Cells in Oukpuk Range: 200 Help

Figure 8-8: Resample dialog

3) Enter =SUM(C1:C200) in cell E1. Select cell E1 and choose Repeat and Score.
Enter 1000 trials and click OK.

4) Find the 90% confidence interval by using the =PERCENTILE(resultl, 0.05)
and =PERCENTILE(resultl, 0.95) functions in cells C1 and C2 (figure 8-9).

c1 - J= | =PERCENTILE{result1,0.05)
A B C D E F
1 13 10
2 15 23
3 14

Figure 8-9: 90% confidence interval using the =PERCENTILE() functions

5) The 90% confidence interval for this experiment was 10 to 23. Create a
histogram by selecting cell A1(for automatic data range selection by the
histogram function), choosing the histogram feature and filling in the dialog as
follows in figure 8-10. Note: you could also enter resultl or A1:A1000 for the
Data Input Range. Click Draw.

Histogram  Resampling Stats in Excel ﬂ
Data Input Range: |$F'.$1 Ei‘l Cirany I

Top Left Cell Far Freq. Table: $C45 £ |

Clase

¥ nuto-Binning Help |

£~ Specify Mumber of Bins

™ Specify Bin Width

" Integer Auto-binning

Figure 8-10: Histogram dialog

6) The results of the histogram are as follows:
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250 -~
200
150
100

Counts

50

7 9 11 13 1517 19 21 23 25 27 29

Figure 8-11: RSXL histogram

Box Sampler

1) Use a one Box model and enter the following values (figure 8-12). The Sample
Statistic is =SUM(Sample) as in the previous model.

BOX Sample WiEh - Simulation Log Log of S
® Replacement Statisti

D — How
@ Show Sample Values Many? |_
) Show Freq. Distn —

Fixed hd £ of Fast w |Sample St_a
Value How many [Remaining] |Sample Size: 200 Simulations: 1000 | ] Jl_
1 16 16 Sample Simulation
0 184 184 values [ 0

Figure 8-12: Box Sampler setup

2) Click Simulate and have patience! The results of one experiment are shown in
figure 8-13.
=PERCENTILE(Stat1,0.05)
E F G H | J

5% ].EI.
95% 23

Figure 8-13: 90% confidence interval

3) The 90% confidence interval is from 10 to 23. You can create a histogram of the
results in the Statl range. Select the BoxSampler>StatCharts>Histogram menu
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item and fill in the Histogram dialog with Statl as the Data Input and click on cell
B23 for the Top Left cell (Figure 8-14). Click Draw. The resulting histogram is
displayed in figure 8-15.

Box Sampler Histogram ﬂ

Data Input Range: [ st [ Draw

Top Left Cell for Freq, Table: [ smubtinseszal_| Close

& ALto-Binning

" Specify Number of Bins
" Specify Bin Width

" Integer Auto-Binning

+ ¥-Axis Display Counts " ¥-Axis Display Percent Total

[™ Cumulative Frequency [ Distribution Chart

Figure 8-14: Histogram dialog

200 ~

150 -

100 -

Counts

50 -

4 6 8 1012 14 16 18 20 22 24 26 28

Figure 8-15: Histogram
StatCrunch

1) Select Data>Compute Expression and enter: concat(rep(1,16),rep(0,184)) to
create the box/urn containing 16 1’s and 184 0’s.

2) Enter box for the Column label and click Compute!
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3) Select Stat>Resample>Statistic and select the box column. The Statistic

expression is: sum(box) (figure 8-16).

Resample Statistics

x

Columns to resample:
|bo><

Statistic:

|sum(bo><)

| Build |

Resampling method:
® Bootstrap - with replacement
 Permutation - without replacement

Type of resample:
& Univariate - resample columns at different rows
 Multivariate - resample columns at same rows

Mumber of resamples:
1000

Percentiles:

[2.5, 5, 50, 95, 97.5

" store resampled statistics in data table
M Histogram of resampled statistics
M Qg plot of resampled statistics

Graph properties:
Color scheme: |Defau|t ;l

[ |

7

‘ Cancel H Compute! ‘

Figure 8-16: Resample Statistic
4) Click Compute! to view the results (figure 8-17).

(10f3)

Statistic: sum(box)

H20x

Dbserued| n | Mean | Std. dev. |2.5th per.|5th per.|50th per.|95th per.|9?.5th per.

16 |1000]15.972|3.8144155 | 9| 10 16|

22|

Figure 8-17: Results with confidence intervals

24

5) The 90% confidence interval is from 10 to 22. Click the > button to view a
histogram of the data. You may need to resize the output dialog box.
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8.3 Comparing Two Means

Procedures for the Blood Loss in Pigs example.
Resampling Stats
1) Enter all 20 pig blood loss values in cells A1:A20.

2) Select cell Al and choose Resample. Choose cell C1 as the Top Cell of the
Output Range and 10 as the Number of Cells. Click OK.

3) Repeat the procedure in step 2, using cell D1 as the Top Cell (figure 8-18).

A B C D E F G H I ]

736 375
375 543 x|

4446 587

2886 1078 Input Range: |$.ﬁ.$1 EAf20 Eﬁ
:;2 2:2: Top Cell of Output Range $0%1 £ LCEll
434 434 Murnber af Cells in Cukput Range: |1III Help |

4764 13251

3281 4446

3837 823
543

Figure 8-18: Second resample from the Pig Blood box

4) Find the average for each resample by entering =AVERAGE(C1:C10) in cell
Cll and =AVERAGE(D1:D10) in cell D11.

5) Subtract the mean of the first resample from the mean of the second resample by
entering =D11-C11 in cell E11.

6) Select cell E11 (the score cell or statistic of interest) and choose Repeat and
Score. Enter 1000 for the number iterations or trials (figure 8-19). Click OK.
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F

=D11-C11

i

455
434
1716
387
2828
478
666
478
1716
1251
1060.9

D

1716
797
3837
375
702
786
3281
797
434
343

| e |

F G H I J K

Repeat and Score - 0 Independent Samples

Please click or select the cell{s) or range(s) wou want ko score,
Use the Ctrl kew to enter non-contiguous cells, You may also type

L
X
[6]4 |
in cell or range addresses. Use the comma ) ko separate
individual or non-contiguous cells or ranges. Use the [ to separate Cancel |

sheets,

]
SheetlI$E$11 J ey

Iterations
’7| 1000 Murnber of Trials

' Results Workshest

Figure 8-19: Repeat and Score

7) On the Results worksheet, enter =COUNTIF(resultl,”<=-1101") in cell B1
(figure 8-20).

Bl

v J | =COUNTIF(result1,"<=-1101")

1]

2
3
4
5
o

A

B C D E F G

88.2|
-1187.4
332.9
460.2
513.3
-357.3

46

Figure 8-20: Results: estimated p-value = 0.046

8) There were 46 instances of values <=-1101, for an estimated p-value = 0.046.

9) Create a histogram of your results and compare it to figure 8-2 in the text.

Box Sampler

1) This experiment requires taking two samples from a single box, so in the initial
Box Sampler dialog we need to check the “Two Samplers” option button (figure
8-21).
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Box Sampler Startup Dialo x|

— Model Definition

Madel Tyvpe IBDx - I
#Populations IOne - I

" one Sampler ™ Two Samplers

— Inputs

Yau may change these values later,

Sample Size IID

# Sirulations |4

#Tesk Statistics I 1

Ik | Zancel |

Figure 8-21: Two Samplers in initial Box Sampler dialog

2) Enter the pig blood loss data and in cell N11 (the Sample Statistics cell), the
function =AVERAGE(Sample2) - AVERAGE(Samplel) where Sample2 and
Samplel are the names for the range of sample values in Sample-2 and Sample-1
respectively. Enter 1000 for the # of Simulations (figure 8-22). Click the
Simulate button.
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ampleStatStart v

5

=AVERAGE(Sample2)-AVERAGE(Samplel)

A B

=

Box Sampler

D

E

F

G

H |

!

}

N

Sample - 1

With hd

Sample - 2

Replacement

#) Show Sample Values

" ShowFreq.D

istn.

" ShowFreq.D

With

-

Replacement

@ Show Sample Values

isin.

Simulation

Fixed

-

Fixed hd

Value

How many

Remaining

Sample Size:

10

Sample Size:

10

Log

Log of 5
Statist

How
Mary? |—

REfte

# of Fast

-

Sample 5t

Simulations:

1000

[#D1v/0:

786

1

1

375

Sample
Values

Sample

Values

Simulation

0

4446

2886

478

587

434

4764

3281

3837

543

666

455

323

1716

757

2828

1251

702

1078

S

(orll C [ U ol FEn U PSP ol S S PR P I T S ) o e

Figure 8-22: Initial Box Sampler setup

3) When the simulation has finished, enter =COUNTIF(Statl,”<=-1101") in an
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empty cell such as G1 (figure 8-23).
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=COUMNTIF(Statl,"<=-1101"}

E F G J L M M
[ =
| ]
L w

Sample - 1 | Witk - Sample - 2 | with - Simulation Log Log of 5
- Replacement - Replacement ~ Statisl

Haow
{® Show Sample Values % Show Sample Values Many? |‘
{3 Show Freq. Distn. {_ Show Freq. Distn. > Refre
Fixed - Fixed bl # of Fask w |Sample 5t

sample Size: 10 sample Size: 10 Simulations: 1000 -452.1

Sample 478 Sample 478 Simulation 1 817.9

Walues 2828 Values 1251 [ 1000 2 261.3

702 375 3 -120.1

2886 375 4 -470.4

1716 3837 5 838.5

4446 3281 = -137.8

1078 1251 7 529

666 543 8 -736.3

2828 1716 9 -25.5

702 702 10 -232

11 -57R.R

Figure 8-23: Estimated p-value = 0.054

4) The estimated p-value from this experiment was 0.054.

StatCrunch

1) Enter the pig blood values in the first column. Rename the column “pig”.

2) Select Data>Sample, select the pig column, enter a Sample size of 10, check
Sample with replacement, and enter 1000 Samples. The Statistic expression is
mean(“Sample(pig)”) and will find the mean of each sample. Enter samplel for
the name of the column and click Compute! (figure 8-24).
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Sample Columns x

Select columns:

oo __________|BE

Sample size:
Number of samples:

Sampling options:

M sample with replacement

" sample all columns at one time
M Save row ids for samples

Store samples:

O =plit across columns

 Stacked with a sample id

& Compute statistic for each sample
|mean("SampIe(pig)") | Build |
e.gd. mean{"Sample{col_name)"}

Column name(s):

Prefix. |samplel]

Seeding:
® Use dynamic seed
C Use fixed seed

12641

=

E

| Cancel H Compute!

Figure 8-24: Sample columns

3) Repeat step 2 for the second sample. Name the new column sample2 and click
Compute! See figure 8-25 for an example of the output.
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StatCrunch | ‘ Edit ‘ | Data | ‘ Stat | ‘ Gra

.o pig samplel samplez
1 7BE 2020.5 1520
2 543 1400.2 21447
3 375 1681.9 1398.3
4 SEE 12956 2243
= 4446 1318.2 11=0.2
& 455 10239.7 16424
N 288G 21041 1806.9
g 823 1423.4 1922.8
3 478 13658.2 2074.6
10 171% 2487.% 1450.1
11 557 12721 23595
1z 77 75393 2315.9
1= 424 14&8 13962
14 2528 2232 1047
15 4754 1521.3 233952
1& 1251 2441 21679
17 3281 7255 14292
15 J0Z 1524.9 22753
19 3837 1298.1 1472
20 1078 1656.3 25047

A 17 A T LN tar] el o}

Figure 8-25: StatCrunch worksheet after steps 1-3

4) Choose Data>Compute Expression and enter “sample2”-“samplel” as the
expression and diff as the new column name (figure 8-26).

Compute Expression X

Expression:
|“samp|e1"—"samp|e2“ Build |

Column label:

[dif |

? Cancel Compute!

Figure 8-26: Compute expression: finding the difference in sample means

5) Select Stat>Column Stats and choose the diff column. For the Where: expression,
enter diff<=-1101. We are interested in the value for n, which would be the
number of instances in which the condition of the difference in means (diff<=-
1101) is met. We could click Compute! at any point after entering the Where
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expression and n would be included in the results. However, in this example we
only click n to simplify the output (figure 8-27). Click Compute!

Summary Stats %

Select column(s):

pig = || diff -
samplel
samplez

where:
[diffc=-1101 | Build |

Group by:
| -—optional-- j

Statistics:

Mean

wariance
Std. dev.
Std, err, v

Percentiles {comma separated):
|——optional—— Enter 30 for 30th |

Other statistic (use x for data, e.g. mean{x)):
|——optional—— | Build |

[ store output in data table

B

‘ Cancel H Compute!

Figure 8-27: Column Statistics: Where: diff<=-1101
6) The results are shown in figure 8-28.

2 %

Summary statistics:
Where: diff<=-1101

Column| n
diff 37

Figure 8-28: n = 37

7) The estimated p-value is 0.037.
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8) Create a histogram of the diff column. Try the Normal option in the Overlay
listbox and a color option in the Color scheme listbox. Add axis labels and a title.
See an example in figure 8-29.

[options | =[x

Distribution of differences in means

Blood values

3007

2507

2007

1501

100+

S0y

—2000 1000 0 1000 2000
Fig blood differences in means

Figure 8-29: Histogram of pig blood differences

8.4 Comparing Two Proportions

Resampling Stats (Cholesterol and MI)

1) Use the Urn feature to populate the box with 31 1’s and 574 0’s (figure 8-30).
Click OK.
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Urn Contents

Il— 1st Walue Howe Mary? |31
IIZI— Znd value How [Many? 574
I— 3rd Walue Howe Mary?
I— 4th Yalue How [Many?
I— Sth Walue Howe Mary?

Zancel

g,

Help

Top Cell of Urn Qukput Range: a4l B

S

Figure 8-30: Urn contents for Cholesterol and Ml

2) Select cell Al and choose Resample. Click cell C1 for the Top Cell and enter 135
for the Number of Cells (figure 8-31). Click OK.

Single Row/Column Resampling

x|
Input Range: |$F'.$1 $ade0s =l
Top Cell of Cutput Range 041 2. L':Ell
Mumber of Cells in Output Range: 135 Help |

Figure 8-31: First resample

3) Repeat step 2 using cell D1 for the Top Cell and 470 for the Number of Cells.
Click OK.

4) To find the difference in proportions (proportion 2 — proportion 1), in cell E1
enter =SUM(D1:D470)/470 and in cell E2, enter =SUM(C1:C135)/135. In cell
E3, enter =E2-E1 to subtract the first proportion from the second proportion
(figure 8-32).

=E2-E1
D E F
0 0.061702
0 0.039259
EIII -D.DDEM.I
0

Figure 8-32: Finding the difference in proportions
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5) Select cell E3 and choose Repeat and Score. Enter 1000 for the number of
iterations/trials and click OK (figure 8-33).

E F G H | | K
0 0.046809
0 0.037037
““““ =y
0} 0009771
Repeat and Score - 2 In x|
Please dick or select the cellis) or ranges) vwou wank to score, K
Use the Ckrl key ko enter non-contiguous cells. ¥ou may also tvpe
in cell or range addresses, |se the comma () b0 separate
individual or non-contiguous cells or ranges, Use the [ to separate Cancel
sheets,

Sheet11$E43 Help |
Iterations
’7| 1000 Mumber of Trials

Results
’75‘ Results Wiorksheat

Figure 8-33: Repeat and Score with two independent samples

Q=0 o O O O o o O 9O 0

6) On the Results sheet, enter =COUNTIF(resultl,”>=0.0294") in cell B1 (figure 8-

34).
Bl - Je | =COUNTIF([result1,">=0.0294")
A B C D E F G
| 0.037904) 22l
-0.03743
0.002837
0.011269

Figure 8-34: Estimated p-value = 0.088

7) There were 88 instances where the difference in proportions was >=0.0294. The
estimated p-value is 88/1000 or 0.088.

StatCrunch

1) Select Data>Compute Expression and enter the expression:
concat(rep(1,31),rep(0,574)) to populate the box with 31 1s and 574 Os (figure 8-
35).
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Compute Expression ®

Expression:
|concat(rep(1,31),rep(0,574)) | Build |

Column label:
|bo>< |

? | Cancel H Compute! |

Figure 8-35: Compute expression to populate box

2) Choose Data>Sample and select the box column, enter a Sample Size of 135,
check Sample with replacement, and enter 1000 for the number of samples. The
Statistic expression to calculate the proportion for the first sample is:
sum(“Sample(box)”)/135 and the column name is samplel (figure 8-36). Click
Compute!

Sample Columns

I *

Select columns:

b [box

Sample size:
Number of samples:

Sampling options:

W Sample with replacement

M sample all columns at one time
[T Save row ids for samples

Store samples:

© Zplit across columns

 Stacked with a sample id

® Compute statistic for each sample
|sum(”SampIe(box)“)/135 | Build |
e.q. mean{"sample{cal_name)")

Column name(s):

Prefix:

Seeding:
® Use dynamic seed
C Use fixed seed

12641

=

? ‘ Cancel H Compute! |

Figure 8-36: Sample columns dialog for sample 1
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3) Repeat step 2 for the second sample. Select the box column, enter 470 for the
Sample size, check Sample with replacement, use 1000 for the Number of
samples, and enter the expression: sum(“Sample(box)”’)/470 for the Statistic
expression. Name the new column sample2 and click Compute!

4) Your worksheet should look something like figure 8-37.

StatCrunch ‘ | Edit | | Data | ‘ Stat | | Graph ‘

b samplel samplez W
1 006666665 0,.05319148
1 002222222 0,.06808510
1 0.05925925 0.04255519
1 006666665 0.05551914
1 0.09629629 0,.04255519
1 005185185 0.04593617
1 0037037032 0.05744580
1 0.05925925 0.04458085
1
1
1
1
1
1

-
e}
=

0, 04444444 0, 05357 448
003185185 0.07224042
0058145143 0. 05744550
004444444 006170212
0,058145143 0.05357 448
008680600 006382378
1 001451451 0.04280851

L e e
,IU.ILUJN'_LDKDD:I‘\JCT\LHLLU[\JI—‘

Figure 8-37: Sample proportions

5) To calculate the differences in the proportions, select Data>Compute Expression
and enter the expression: “sample2”-“samplel” and enter diff as the column
label (figure 8-38).

Compute Expression x

Expression:
|"Sample1”—”samp|e2“ | Build |

Column label:

[diff |

?

‘ Cancel H Compute! ‘

Figure 8-38: Compute expression for the difference in proportions

6) To calculate the estimated p-value from the difference in proportions, choose
Stat>Summary Stats>Columns and select the diff column. In the Where box,
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enter: diff>=0.0294 to calculate the number of instances where the difference in
proportions was >=0.0294. Select n for the statistic and click Compute! (figure 8-
39).

Summary Stats ®

Select column(s):

b | diff =
samplel
sample2

Where:
|[diff>=0.0294 | Build |

Group by:
| --optional— |

Statistics:

Mean

wariance
Std. dew,
Std. err -

Percentiles {comma separated):
[-—optional-- Enter 30 for 30th

Figure 8-39: Finding n

7) In this experiment, there were 70 instances where the difference in proportions
was >=0.0294. The estimated p-value is 70/1000 or 0.070 (figure 8-40).

2 %

Summary statistics:
Wihere, diff==0.0294

Column| n
diff s

Figure 8-40: Estimated p-value = 0.070
8.7 Paired Comparisons

The resampling procedures for the first paired comparisons test are similar to the
resampling procedures in chapter 7.

© 2015 Statistics.com LLC 145



Resampling Stats (Reading Scores example)

1) Enter all 22 reading score values in cells A1:A22.

2) Select cell Al, and choose Shuffle (without replacement). Enter cell C1 as the
Top Cell and 11 as the number of Output cells. Click OK.

3) Repeat step 2, using cell D1 as the Output cell. Click OK.

4) Incell C12, enter =AVERAGE(C1:C11) and in cell D12, enter

=AVERAGE(D1:D11),

5) Incell E12, enter =D12 — C12 to find the difference in means.

6) Select cell E12 (the score cell) and choose Repeat and Score. Enter 1000

iterations and click OK.

7) On the Results sheet, enter =COUNTIF(resultl,”>=1.45") in cell B1.

Menu Commands Toolbar Commands Custom Toolbars
Bl v Je | =COUNTIF(resultl,">=1.45")
A B C D E F
1| -7.63636]____assl
2 | -7.36364
3 | -1.18182

Figure 8-40: Estimated p-value = 0.438

8) Create a histogram by selecting cell Al (on the Results sheet) and choosing the

Histogram feature (figure 8-41).

Histogram Resampling Stats in Excel 5[

Data Inpuk Range:
Top Left Cell Far Freq. Table:

[$a51 55 Diraw I

$C43 E¥ |

Close

O Auko-Binning
™ Specify Mumber of Bins
£~ Specify Bin Width

" Tntener Anta-hinnina

Help |

Figure 8-41: Histogram dialog

9) Click Draw. How does the resulting histogram compare to figure 8-8 in the

textbook?
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Box Sampler

1) As in section 8.3, we will need to select Two Samplers from the initial Box
Sampler dialog, keeping the other settings at the default.

2) Enter the 22 reading score values, choose 11 for the Sample Size in both Samples,

select Without Replacement, use 1000 for the # of Simulations, and enter:

=AVERAGE(Sample2)-AVERAGE(Samplel)

in cell N11 (the Statistic cell). See figure 8-42.

SampleStatStart - fx | =AVERAGE(Sample2)-AVERAGE(Samplel)
A B C D E F G H | J L M N
Box Sampler
BOX Sample - 1 | without - Sample - 2 | without - Simulation Log Log of §
) - Replacement - Replacement Statist
O How
{® Show Sample Values @ Show SampleValues Many? |
" Show Freg, Distn. " Show Freg. Distn. > Refre
Fixed hd Fixed - 2 of Fast w | Sample St
value |How many [Remaining Sample Size: 11 Sample Size: 11 Simulations: 1000 #DIV/0!
24 1 1 Sample Sample Simulation
79 Values Values 0

17

50

98

45

97

67

78

g5

27

g0

18

50

95

47

37

70

79

87

78

e e [ [ e [ e e [ e e e [ e e [ e e e ] e

[ IS S S P P I S S [ [ (TSP (S ST e P 10 [ [ I e

Figure 8-42: Box Sampler setup

3) In an empty cell, enter =COUNTIF(Statl,”>=1.45") to see how many times the
difference in mean reading scores was >=1.45 (figure 8-43). You may also create
a histogram to compare to figure 8-8 in the text.
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=COUNTIF(5tatl,"»=1.45")
E F G H |

433

Figure 8-43: Estimated p-value = 0.433

StatCrunch

b

1) Enter or load the reading scores in the first column and rename the column “box’
or something similar.

2) Select Data>Sample and complete the dialog as shown in figure 8-4.

Sample Columns »®

Select columns:
box

[box

Sample size:
MNumber of samples:

Sampling options:

" sample with replacement

" Sample all columns at one time
M save row ids for samples

Store samples:

 gplit across columns

" Stacked with a sample id

& Compute statistic for each sample
|mean(”SampIe(box)“) | Build |
e, mean{"sampledcol_name)")

Column name(s):

Prefix:

Seeding:
® Use dynamic seed
C Usge fixed seed

12641

[«

?

‘ Cancel H Compute!

Figure 8-44: Reading scores Sample Columns

3) Repeat step 2 for the second sample and name that column sample2. Click
Compute!
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4) Select Data>Compute Expression and enter the expression “sample2” —
“samplel” again, remember to include the quotes! The new column label should
be diff or something similar. Click Compute!

5) Choose Stat>Summary Stats>Columns, select the diff column, and in the Where
box, enter diff>=1.45 as shown in figure 8-45.

Summary Stats %
Select column(s):
bos =l [are =
samplel
sample2 J
where:
diff»=1.45 [ Buld |
Group by:
]-- PooONS-- :]
Statistics:

I— L

z* glfv' =||

Percentiles (comma separated):

Other statistic (use x for data, e.q, mean(x)):

| Build

[T Store output In data table

‘TH cancel || Compute! |

Figure 8-45: Summary stats

6) Click Compute! to find the result

2 %

Summary statistics:
Wihere: diff==1.4%

Cc-lumn| n
diff | 436

Figure 8-46: Estimated p-value = 0.436

7) The estimated p-value is 436/1000 or 0.436. This level of difference is not rare.
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Paired Differences — Resampling Stats

1) Enter the paired data in the worksheet as in table figure 8-47.

Al -
A B C

1 24_| 27
2 79 g0
3 17 18
a4 50 50
5 98 99
6 45 47
7 97 97
g 67 70
g 78 79
10 g5 g7
11 76 78
12

Figure 8-47: Paired data

2) Select cell Al and choose Shuffle (without replacement). We do NOT want to
resample with replacement because we need to maintain the integrity of both
scores for each subject. Notice that the entire data set is highlighted and more
options are available. Choose cell D1 as the top left cell and select the Shuffle
Within Rows option (figure 8-48).
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fil B C D E F G H |
) 24 27
) 79 204
I 17 | Matrix shuile x|
50 504
1 ag a9 Inpuk Range: [$ag1:4E311 =
| 45 47 Top Left Cell of Qukput Range $0%1 B L':Ell
97 97
1 & 7 _ teb |
| 78 79
— " Mormal Shuffle
B85 B7
I " Shuffle Rows as Units
76 78 :
" ¥ Shurfle Within Fows:
" shuffle Columns as Units
™ Shuffle Within Calurmns
" shuffle Single Column
I 1

Figure 8-48: Shuffle Within Rows

3) The Shuffle Within Rows option will keep each subject’s set of scores intact and
randomly shuffle the two scores. Click OK.

4) In cell D12, enter the formula =AVERAGE(D1:D11) and in cell E12, enter the
formula =AVERAGE(E1:E12). Enter the formula =E12-D12 in cell F12.

f | =E12-D12
D E F
24 27
80 79
18 17
50 50
93 93
a7 45
97 97
70 67
79 73
85 87
73 76

66.03091 6\5.54545| -D.54545.|

Figure 8-49: Within Rows resampling: difference in means
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5) Select cell F12 and choose Repeat and Score. Enter 1000 iterations and click OK.

6) On the Results sheet, enter the formula =COUNTIF (resultl,”>=1.45") in cell
B1. The outcome of one experiment yielded 2 instances where the difference in
means was >=1.45, which is an estimated p-value =0.002 (figure 8-50).

Bl - Jx | =COUNTIF(resultl,">=1.45")
A B C D E F
-D.?Z?Z?I 2!
0.181818
1.272727
-0.36364
-0.930909

Figure 8-50: Estimated p-value = 0.002

7) Create a histogram of the results and compare your histogram to figure 8-8 in the
text.

Resampling Stats — Alternate Method

1) A second method for analyzing the data would involve looking at the differences
in the scores and resampling those differences using random alternating signs.
From table 8-4 in the text, enter the differences in reading scores in cells A1:A1l.
In cell C1 and C2, enter 1 and -1 respectively.

2) Select cell C1 and choose Resample. Use cell E1 for the Top Left cell and enter
11 for the number of cells (figure 8-51). Click OK.
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A B C D E F ] H
| 3 1
! 1 -1
| |
1
0
=
L X
2
0 Input Range: |$C$1 2 E&"I
3 Top Cell of Cutput Range $E$1 2. L':Ell
1 :
Murmber of Cells in Oukpuk Range: |11 Help
2 4
2 H |

Figure 8-51: Paired comparisons alternate method

3) Incells E1:E11 you should see a random set of 1’s and -1’s. We are going to use
this 1/-1 resample to change the signs of the differences in reading scores in cells
Al1:All. This operation will have the same effect as the first method when we
Shuffled within rows.

4) We need to multiply each value in A1:Al1 by the corresponding 1 or -1 in cells
E1:E11 and then take the average of these values. We can do this by entering the
formula =A1*E1 in cell F1 and copying this formula down the column. In cell
F12, take the average of the column by entering the formula
=AVERAGE(F1:F11). Cell F12 is our score cell, so select F12 and choose
Repeat and Score. Enter 1000 iterations and click OK (figure 8-52).

F12 - Jx | =AVERAGE(FL:F11)
A B C D E F G H 1 J K L M
3 1 -1 -3
1 -1 -1 -1 Repeat and Score - 1 Independent Samples ll
1 -1 -1 Flease click or select the cellis) or rangels) you want ta score. oK |
0 1 0 Use the Ctrl key bo enter non-contiguous cells. You may also type
in cell or range addresses. Use the comma (,) to separate
1 -1 -1 individual or non-contiguous cells or ranges, Use the | to separate Cancel |
2 1 2 sheets,
o 1 o
Shest1I$F§12 J e |
3 1 3
1 -1 -1 Iterations
) 2 1 2 ’7| 1a0a Nurnber of Trials
L 2 1 2 Results
£| 1.454545 ;0.18182] ’75' Results Wiorksheet
)

Figure 8-52: Repeat and Score paired comparisons alternate method

5) On the Results worksheet, use =COUNTIF(resultl,”>=1.45") to find the number
of instances where the mean of the differences is >=1.45. Note the mean of the
original differences in reading scores in cell A12 =1.45. Create a histogram if
you wish.
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Resampling Stats — Formula Array

1) Recreate steps 1-3 in the previous method.

2) In cell E12, enter the following formula BUT DON’T PRESS ENTER:
=AVERAGE(AL:A11*E1:E11)

3) When you have typed in the formula, press SHIFT+CTRL+ENTER... all three
keys simultaneously, and release. You should see a value appear in cell E12 and
the formula in the formula bar will look something like
{=AVERAGE(A1:A11*E1:E11} (figure 8-53).

IWITHIW nnnaniu s TUUIRar uinnan s UL Tl s

E12 - Jx | {=AVERAGE{AL1:A11*E1:E11)}
A B C D E F
3 1 1
1 -1 -1
1 1
0 -1
1 -1
2 1
0 1
3 -1
1 -1
) 2 -1
L 2 -1
1| 1.454545 -0.36364

Figure 8-53: Formula array

4) This bracketed function is called a formula array and it serves to multiply the
entire range of A1:A11l by the corresponding values in E1:E11. The average of
this array multiplication is then calculated. Formula arrays are a very powerful
(and advanced) feature of Excel. Cell E12 is the score cell, so select it and choose
Repeat and Score. Again, enter 1000 iterations and click OK. If the
=COUNTIF(resultl,">=1.45") function is not in cell B1, enter this formula to
estimate the p-value.

Box Sampler

1) Open Box Sampler and use 1 and -1 for the box contents (1 each). Enter the
differences in means in cells B27:B37. In cells C27 enter the formula =B27*G12
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and copy this cell down to cell C37. The Excel formulas should automatically
adjust so that cell C28 has the formula =B28*G13, cell C27, cell C29 has the
formula =B29*G14, etc. until cell C37, which should have the formula
=B37*G22. See figure 8-54.

c27

-

Fx

=B27*G12

D

F G H

p-valug -=

Sample With -
- Replacement

@ Show Sample Values
") Show Freg. Distn

Fixed -

How many |Remaining

Sample Size: 11

Al B C
1 |Box Sampler
2
3
4
5 BOX
Z o
7 (@)
8
9
10
11 Value
ml 12 1 1

13
14
15
16
17
18
19

1

-1 1

1

Sample
\alues

DDDDDDDDDD.‘D\

BRI WO R O L

Figure 8-54: Paired differences

2) Asshown in figure 8-54, use 11 for the Sample Size and 1000 for the # of
Simulations (you probably should use the Superfast setting). In cell K12 (the
Sample Statistics cell) enter the formula =AVERAGE(C27:C37) as shown in

figure 8-55.
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LUSLOT TUDIDdrs
fc | =AVERAGE|C27:C37)
E F G H I l K

p-value -= 0

Sample with - Simulation Log Log of Sam
- Replacement Statistic(:
- ~ How
) Show Sample Values Many? I_
¢y Show Freq. Distn Refresh
Fixed - 2 of Superfast » |Sample 5@
E sample Size: 11 Simulations:| 1000 [ ﬂ_
_1] Sample Simulation
! Yalues 0

Figure 8-55: Sample statistics cell formula

3) To calculate the p-value, enter =COUNTIF(Statl, ”>=1.45")/ReplCount in cell
11 (see figure 8-56). ReplCount is the name for the # of Simulations cell and
equals 1000 in this model. Run the simulation to calculate the p-value. Figure 8-
56 shows the results from one experiment.

Zustom Toolbars
& | =COUNTIF(5tatl,"»>=1.45")/ReplCount
E F G H | J K L

p-value -= I 0.004

Sample With - Simulation Log Log of Samp
Replacement Statistic(s)
> Haw
i® Show SampleValues Many? 1
"y Show Freq. Distn Refresh
Fixed hd # of Superfast = |Sample Statistic
ag| |sample size: 11 Simulations:| 1500 -0.1818
A Sample -1 Simulation 1 0
= Values -1 1000 2 0
1 3 0.18182
1 4 -0.7273
-1 =5 N.3R"64

Figure 8-56: Results of one experiment, p=0.004

Box Sampler — Alternate Method

1) We can use the idea behind the alternate methods for Resampling Stats to solve
this exercise in Box Sampler. The setup is a bit different than usual. After
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loading Box Sampler and selecting the default setup, enter the differences in
reading scores from Table 8-4 in an area below the Box Sampler box. In figure 8-
57, we use cells B22:B32. The two values 1 and -1 are placed in the box, the
Sample Size is 11, and the Sample Statistic in cell K11 is the formula array:
{=AVERAGE(B22:B32*Sample)} Remember: Do NOT type the braces. Enter
the formula and press SHIFT+CTRL+ENTER to create the formula array.

BOX Sample Witk - Simulation Log Log of Sa
. - Replacement Statisti

@) - How
) Show SampleValues Many? |_
¢y Show Freq. Distn Refres

Fixed - # of Fask w |Sample Stal
Value How many [Remaining Sample Size: 11 Simulations: 1000 0
1 1 1 Sample Simulation
1 1 1 Values i 0

[ R I e B L TR = R R e R L )

Figure 8-57: Box Sampler setup paired comparisons

2) Click Simulate. When the simulation is finished, enter
=COUNTIF(Statl,”>=1.45") in an empty cell to estimate the p-value.

StatCrunch

Note: Thanks to Dr. Webster West, the author of StatCrunch, for the expression used in
this StatCrunch procedure.

1) Similar to Box Sampler, we will use the idea from the Resampling Stats
alternative methods to solve the exercise in StatCrunch. Enter the differences
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(absolute values) in reading scores in the first column and rename the column
“diff” as shown in figure 8-58.

| statcrunch | | Applets | | Edit | | Data | | stat |

diff varz vars vard

)
III‘MJG‘-U'I-P%LAJMHE

o

10
11
12
12
14
Figure 8-58: StatCrunch setup for reading score differences

RN I VY R T L IR e e e WA

2) Select Stat>Resample>Statistic and choose the diff column. The somewhat
complex Statistic expression is (again, thanks to Dr. Webster West!):

mean(ifelse(runif(11) < 0.5, -1, 1)*diff)

Before we go further, let’s look at this expression from the inside out. The
runif(11) function produces 11 random numbers from the uniform distribution
(uniformly distributed random real numbers between 0 and 1). The next layer, the
ifelse conditional statement, checks to see which (if any) of the random numbers
are <0.5. If a number is < 0.5, then the ifelse conditional returns a -1. If not (or
the ‘else’ case), the ifelse returns a 1. This is exactly equivalent to a coin toss and
the result is a virtual (hidden) column of random 1s and -1s, which is exactly what
we need! Then, the virtual column of 11 random 1s and -1s are multiplied by the
diff column, which produces another virtual column of paired differences that are
randomly positive or negative. Finally, the mean of the 11 paired differences is
found using the mean function. Note: Don’t worry if you find this function a bit
too complicated... it IS complicated. At the end of this section, I’ll show you
how to dissect the function to make it a bit more understandable.

3) Select Permutation - without replacement, keep the default number of resamples

and check the Store resampled statistics in data table in order to calculate the p-
value. When everything matches figure 8-59, click Compute!
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Resample Statistics ®
Columns to resample: i
diff =
Statistic:
[mean(ifelse(runif(11)<0.5, -1, 17*diff) | Build |
Resampling method:
€ Bootstrap - with replacement
& Permutation - without replacement
Type of resample:
& Univariate - resample columns at different rows
© Multivariate - resample columns at same rows
Number of resamples:
1000
Percentiles:
[z.5, 5, 50, 95,975
Other options:
W Store resampled statistics in data table
M Histogram of resampled statistics
M GG plot of resampled statistics b
Graph properties:
Color scheme: | Default <
I lmmimmamde ] limoam ;I
| Cancel || Compute! |
Figure 8-59: Resample Statistic paired comparison
4) The confidence intervals are shown in figure 8-60.
Options | (10f3) x
Statistic: mean(ifelse(runif(11) < 0.5, -1,1) * diff)
Observed n Mean Std, dev, 2.5th per, Sth per, 50th per. 95th per. 97.5th per

6363636 1000 -D.0067272727 0O.52852769 -1.0909031 -0 2050909 0 0.B1B1BIE2 0,9030909]

Figure 8-60: Results and percentiles

5) The mean difference in scores of 1.45 in the original data is extreme. It is well
outside the 97.5™ percentile.

6) To calculate an estimated p-value, rename the new column ‘mean’ or something
similar (for convenience). Select Stat>Summary Stats>Columns and choose the
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new column (mean in this example). Enter the expression: mean>=1.45 in the

Where edit box and choose n in the Statistics box. See figure 8-61. Click
Compute!

Summary Stats ®

Select column(s):
diff =

mean =

Where:
|mean>:1 A5

Group by:
| --optional-- ;|

Statistics:

Mean
WaEriance

——a a.

Ef

‘ Cancel || Compute!

Figure 8-61: Summary Stats setup to find p-value

7) In this example, there were only 2 instances in 1000 trials where the difference in

means was >= the original mean of 1.45 (figure 8-62). This gives us an estimated
p-value of 0.002.

2 X
Summary statistics:

Where: means==1.4%
Column n

mean JE

Figure 8-62: Estimated p-value = 0.002

Using Compute Expression to Understand a StatCrunch Function

The StatCrunch function:
mean(ifelse(runif(11) < 0.5, -1, 1)*diff)
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may be more understandable if we can examine the expression more closely using the
Compute Expression dialog.

Here are the steps. Remember that the following calculations are for illustrative purposes
and the goal is to dissect and understand a complicated StatCrunch expression.

1) Enter the paired differences in the first column of a new worksheet and use diff as
the column label.

2) Choose Data>Compute Expression and enter runif(11) in the Expression box.
Click Compute! (figure 8-63). Notice the results consist of 11 random real values
between 0 and 1. These values are from a uniform distribution where every value
in this range has an equal chance of being chosen.

Compute Expression ®

Expression:
runifi 113 | Build |

Column label:

7 Cancel Compute!

Figure 8-63: Create 11 random values from the uniform distribution

3) Now let’s try this again, except this time we’ll add the ifelse() function. Choose
Data>Compute Expression and enter ifelse(runif(11) <0.5, -1, 1) in the
Expression box and click Compute! (figure 8-64). You should see a new column
consisting of random 1s and -1s. This new column is completely independent of
the previous calculation, so don’t worry if the 1s and -1s don’t align with the
column of random values in the second column.
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Compute Expression »

Expression:
lifelse(runif(11)<0.5,1,-1) Build |

Column label:

7 Cancel Compute!

Figure 8-64: Adding the ifelse statement

4) Now, we’ll add the *diff operation. Once again, select the Data>Compute
Expression dialog and enter ifelse(runif(11) <0.5, -1, 1)*diff in the Expression
box and click Compute! (figure 8-65). You should see a new column with values
that match the diff column with some random differences in sign. This value
represents the mean of one single trial of the resampled paired differences.

Compute Expression x

Expression:
lifelse(runif(11)<0.5,1,-1)*diff | Build |

Column label:

7 Cancel Compute!

Figure 8-65: Adding the *diff operation

5) Finally, we’ll wrap everything in the mean() function. Select Data>Compute
Expression and enter mean(ifelse(runif(11) < 0.5, 1, -1)*diff) in the Expression
box and click Compute! (figure 8-66). You should see a single value in a new
column. This value represents the mean difference in the paired comparisons in
one trial. Remember that in the experiment in the previous section, we had
StatCrunch perform 1000 trials!

© 2015 Statistics.com LLC 162



Compute Expression ®

Expression:
[mean(ifelse(runif{111<0.5,1,-1y*diff) | Build |

Column label:
|——optior‘|al—— |

7 Cancel Compute!

Figure 8-66: Adding the mean function

6) Figure 8-67 illustrates the results of all of our expression building. Remember
that the calculated columns are independent of each other and were used to
illustrate how to dissect a complicated StatCrunch expression.

| StatCrunch | | Applets | | Edit | | Data | | Stat | | Graph | | Help |

R.ow diff runifilly  ifelselrunifi 1 ifelselrunifi 1 meaniifelse( Wi
1 3 0.89127921 -1 3 036363636
2 1 05003606 1 -1
3 1 079866009 1 1
4 00641649858 -1 0
= 1 0.948393248 1 -1
=" 2 042897775 1 -2
7 00641712397 -1 0
(&) 3 054757557 1 3
9 1 085303367 1 1
10 2 060452277 1 z
11 2 067837665 -1 -2
17

Figure 8-67: Results of a systematic expression dissection in StatCrunch
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9 Hypothesis Testing - 2

9.1 A Single Proportion

Resampling Stats

1) Enter 3 0’sin cells A1:A3. Entera 1 in cell A4.

2) Select cell Al and choose Resample. Let cell C1 be the Top Cell of the output
range and enter 165 for the number of output cells. Click OK.

3) Enter =SUM(C1:C165) in cell D1. Select cell D1 and choose Repeat and Score.
Enter 1000 for the number of iterations (trials). Click OK.

Menu Commands loolbar Commands Lustom loolbars
Bl - Jx | =COUNTIF(result1,">=53")
A B C D E F
1 43 30
2 33
3 46
4 45
5 45

Figure 9-1: Gym full membership rate

4) The p-value estimate in figure 9-1 is 0.03. Create a histogram and compare it to
figure 9-1 in the text.

Box Sampler

1) Select New Model from the Box Sampler menu and accept the default settings.
Enter the values shown in Figure 9-2 and enter the formula =SUM(Sample) in
cell K11 (the Sample Statistics cell). Note the “How Many” cells used to specify
3 0’s and 1 instance of 1 in the Box.
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WIS S gl i

SampleStatStart

TR AT IIvE- T

-

Fx

=5UM(Sample)

A B C D E F G H J K
1 Box Sampler
2
3
4
5 BOX Sample \With - Simulation Log Log of §
[ @ - Replacement Statist
T O > How
8 @) Show Sample Values Many? r
g ¢_} Show Freq. Distn Refre
10 Fixed b 2 of Fast * |Sample St
11 Value How many |Remaining Sample Size: 165 Simulations: 1000 | 0 Jl_
12 0 3 3 Sample Simulation
13 1 1 1 Values 0
Figure 9-2: Box Sampler setup
2) Click Simulate and when the simulation has ended (it will take some time, so be
patient and/or change the simulation speed to SuperFast), enter the formula
=COUNTIF(Statl,”>=53") in an empty cell (say, cell G1). See figure 9-3 for the
results of one experiment.
=COUNTIF(5tatl,">=53"})
E F G H J K
25|
| ]
Sample With - Simulation Log Log o
- Repiscamen . =
. 2 >
= How
# Show Sample Values Many?
3 Show Freq. Distn F
Fixzed hd # of Fast w |Sample
Sample Size: 165 Simulations:|  1pqp 43
Figure 9-3: Estimated p-value = 25
StatCrunch

1) Enter 3 0s and a 1 in the first column. Rename this column “box”.

2) Select Data>Sample and choose the box column. Enter a Sample size of 165,
check Sample with replacement, and enter 1000 for the Number of samples. The
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Statistic expression is: sum(“Sample(box)”). Label the new column “result” and

click Compute!
Sample Columns x

Select columns:

b box

Sample size:
Number of samples:

Ssampling options:
M sample with replacement
M Sample all columns at one time

T Save row ids for samples

Store samples:
C Split across columns
C Stacked with a sample id
& Compute statistic for each sample
|sum("Samp|e(bo><)") | Build |
e.g. mean("Sample{col_name)")

Column name{s):

pref

Seeding:

@ Use dynamic seed

C Uze fixed seed
12641

=

? ‘ Cancel H Compute!

Figure 9-4. Sample columns dialog

3) Select Stat>Summary Stats>Columns and select the result column. In the Where
box, enter: result>=53 and select n in the Statistics box (figure 9-5). Click

Compute!
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StatGrunch | [ Edit | [ Data | [ Star | [ Groph | [ Help |

ROW bo esult

Summary Stots %

5

Select column(s):

42 \ =

11
¢ 1A where:

] - = g em—

7 47 resuit>=53 [ Buid |
9 _1_‘ Group by
2 | =~opbonal =]
10 3
11 13 Statistics: _______
12 10 [r =
13 ! ‘

- A} e
' |Std. dev
15 |Std. arr - ‘-_l
16 4=
17 2 Percentiles ((:()lnr_n:_y_svr:p.)r.npd):
18 st || , |
19 40
=0 ¥ Other statistic {use x for data, e.g9. mean{x)):
= .- f-opt [ Buiid |
::. ™ Store output in data table
25 38
26 32 T I Cancel ” Compute!
+E 5 J an *rd =

Figure 9-5: Column Statistics

4) The result of one experiment is shown in figure 9-6

2 %

Summary statistics:
Wihere: result>=53

Column| n
resylt 20

Figure 9-6: StatCrunch gym membership result

5) The estimated p-value = 0.020 is similar to Resampling Stats and Box Sampler.

9.2 A Single Mean
Resampling Stats Procedure for the Confidence Interval
1) Enter the moisture output values in cells A1:A12

2) With cell Al highlighted, select Resample. Choose cell C1 for the top cell of the
output range and 12 as the number of cells in the output range.
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3) Incell D1, use the Excel formula =AVERAGE(C1:C12) to calculate the mean of
each resample.

4) With cell D1 selected, choose Repeat and Score and use 1000 trials.
5) Sort the data in column A of the Results sheet. The 90% confidence can be calculated

from the sorted data (the values in cells 50 and 950) or by using the
=PERCENTILE() function. The 90% interval from one experiment was from 13.52

to 14.17.

6) The histogram for the output is shown in figure 9-7.

200 -
150 -
100 -

Counts

50 -

0 4
> @ A O & GV o O O

RN AP R IR SR

'\,‘\'\-'\r'\r'\/‘\'\-'\'\r

Figure 9-7: Histogram for resampling procedure: 14 is not rare

Box Sampler

1) Start Box Sampler and use the default options in the initial dialog. Figure 9-8
illustrates the setup for the initial Box Sampler setup. Enter the moisture output
values in the Box, use 12 for the Sample Size, 1000 for the # of Simulations, and
=AVERAGE(Sample) for the Sample Statistic. Click Simulate.
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P R i

AEILLTI U

SampleStatStart - 5

=AVERAGE(Sample)

A B C D E F G J K
Box Sampler 0
BOX Sample Wwikh - Simulation Log Log of S
® - Replacement Statisti
O - How
# Show Sample Values Many? r
w (" Show Freg. Distn Refre:
Fixed A # of Fast w |Sample 51:_-‘:
WValue How many |[Remaining Sample Size: 12 Simulations: 1000 |#DI‘-.-‘,"EI!J1_
14.2 1 1 Sample Simulation
15.1 1 1 Values 0
13.9 1 1
12.8 1 1
13.7 1 1
14 1 1
13.5 1 1
14.3 1 1
14.9 1 1
13.1 1 1
15.4 1 1
13.2 1 1

Figure 9-8: Box Sampler setup

2) Use the =PERCENTILE(Stat1, 0.05) and =PERCENTILE(Stat1, 0.95)
functions to find the 90% confidence interval. One experiment with Box Sampler
resulted in a 90% confidence interval of 13.53 to 14.15.

StatCrunch

1) Enter the moisture output data in the first column and rename the column “box”.

2) The resample and sample sizes are the same, so we can use the

Stat>Resample>Statistic feature. Select box and enter: mean(box) for the
Statistic. Keep the other default options and click Resample Statistic.
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box warz wars vard Vars vare wary

14.2 Resample Statistics
15.1
1.9 Columns to resample:
20| |
13.7
14 Statistic:
13.5 |mean(box) | Build |
14.2
14.9 Resampling method:
13'1 & Bootstrap - with replacement
13'4 © Permutation - without replacement
13.2 Type of resample:

& Univariate - rezample columns at different rows
C Multivariate - resample columns at same rows

Number of resamples:

Percentiles:
|25 5,50, 95, 97.5

" store resampled statistics in data table
M Histogram of resampled statistics
M 5 plot of resampled statistics

Figure 9-9: Resample Statistic

3) The results are shown in figure 9-10.

(1 0f 3) | %
Statistic: mean{box)
Observed | n | Mean ‘ std. dev. |2.5th per. ‘ sth per.| 50th per. ‘95th per. ‘ a7.5th per.
13.841667|1000(13.851183|0.20656857 |  13.475| 13.525|13.841667| 14.2|  14.2625

Figure 9-10: StatCrunch 90% confidence interval: 13.525 — 14.2

4) Click > button to view the StatCrunch Histogram, resizing if needed (figure 9-11).
The graphic clearly shows 14 near the middle of the histogram.
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[options | (20f3)

Freguency

1504

100+

S07

13.5 14 14.5
Fesampled statistics

Figure 9-11: StatCrunch histogram

9.3 More than Two Categories or Samples

Resampling Stats

1) Use the Urn feature to create a box/urn containing 39 one’s (for HM), 8 two’s (for
DM) and 12 three’s (for D) (figure 9-12). Note: You could enter HM, DM, and
D for the urn contents instead of numbers. The =COUNTIF statements in steps
3-5 below would then be modified as follows: =COUNTIF(C1:C29,”=HM”), etc.

Urn Contents il

Il— 1sk Walue How Mary? |39
IZ— 2nd Yalue Howe Marry?
|3_ 3rd Malue How Mary'? z
I— 4th Yalue Howe Marry?
I_ Sth Yalue How Mary'?

Cancel

L

Help

11777

Top Cell of Urn Cukput Range: A1

Figure 9-12: Resampling Stats Urn dialog
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2)

3)

4)

5)

6)

7)

8)

9)

Select cell Al and choose Shuffle from the Resampling Stats menu. Choose cell
C1 as the Top Left Cell and keep the default of 59 for the Number of Cells. Click
OK.

In cell E1, enter =COUNTIF(C1:C29,”=1") and in cell E2, enter
=COUNTIF(C30:C59,=1")

In cell F1, enter =COUNTIF(C1:C29,”=2") and in cell F2, enter
=COUNTIF(C30:C59,”=2")

In cell G1, enter =COUNTIF(C1:C29,”=3") and in cell G2, enter
=COUNTIF(C30:C59,”=3")

Enter the “expected table” in cells E4:G5.

Cells E7:G8 contain formulas that find the absolute difference between
corresponding values in the two tables. In cell E7, enter the formula
=ABS(E1-E4). You can then copy this formula down and to the right to fill the
entire E7:G8 matrix. The relative cell addresses will automatically adjust during
the copy procedure.

In cell E10, enter the formula: =SUM(E7:G8)

Figure 9-13 shows a sample worksheet at this point.

E10 v Jf | =SUM(E7:G8)
A B C D E F G

1 1 2 16 6

2 1 1 23 2

3 1 2

4 1 1 19.17 3.94 5.9
5 1 3 19.83 4.06 6.1
6 1 1

7 1 2 3.17 2.06 1.1
g 1 2 3.17 2.06 1.1
9 1 1
10 1 1 I 12.66!
11 1 3

Figure 9-13: Sum of the absolute differences

10) Select cell E10 and choose Repeat and Score. Enter 10000 iterations/trials.

11) On the Results sheet, enter =COUNTIF(resultl,”>=20.42") in cell B1 (figure 9-

14).
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Bl - Je | =COUNTIF(resultl,">=20.42")

A B JE D E F
1 15 .34' 61!
2 7.34
2 7.58
4 3.74

Figure 9-14: Estimated p-value = 61/10000 or 0.0061.

12) Create a histogram.

Statcrunch

1) Open StatCrunch and select “Data>Compute Expression” and enter (copy/paste)
the following formula to populate the box or urn:

concat(rep(“HM”,39),rep(“DM”,8),rep(“D”,12))
This expression combines 39 repetitions of happily married (HM) couples with 8

distressed marriage (DM) couples and 12 divorced (D) couples in a single box or
urn. Name the new column urn and click Compute! (see Figure 9-15).

Compute Expression ®

Expression:
|cor‘|cat(rep(“HM”,39},rep(“DM”,B},rep(“D”,12}} Build |

Column label:
|urr‘| |

7 Cancel Compute!

Figure 9-15: Compute expression dialog to populate the marriage urn

2) The second step involves using a rather complex formula that sums the absolute
values of the differences between the groups. Select Data>Sample and choose
urn as the column, enter 59 for the sample size, sample without replacement (do
NOT check the sample with replacement box), and choose 10000 for the number
of trials. Enter the following formula for the statistic. It is recommended that you
copy/paste the formula (see Figure 9-16):
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abs(sum(subset("Sample(urn)'=HM,Row<=29))-19.17) + abs(sum(subset("Sample(urn)'=DM,Row<=29))-
3.94) + abs(sum(subset("Sample(urn)"=D,Row<=29))-5.90) + abs(sum(subset("Sample(urn)"=HM,Row
>=30))-19.83) + abs(sum(subset("Sample(urn)"'=DM,Row>=30))-4.06) +
abs(sum(subset("Sample(urn)"=D,Row>=30))-6.10)

The formula is long and complex, but it can be translated into English as follows
(where # = “number of” or “sum of”):

In rows 0 — 29, do the following calculation:

[#HM —19.17| + [#DM — 3.94| + |#D — 5.90|
(this formula equals the sum of the deviations between the counts in the resample,
and the expected counts for the sample size of 29, the same size as the original
behaviorial group).

Then, in rows 30-59 (30 rows -- the size of the insight group), do the following:
[#HM — 19.83| + [#DM — 4.06| + [#D — 6.10|

Finally, add the sum from the second calculation to the sum from the first
calculation to obtain the total sum of the absolute deviations.

Urm Ssample Columns *
HI
HI Select columns:
HiM o __________________|I;
H
HI Sample size!
HM
HIM Number of samples:
HM
HIM sampling options:
HM " sample with replacerment
HI IC sample all columns at one time
HI [T save row ids for samples
HM
HM Store samples:
i © Split across columns

 Stacked with a sample id

HI+

oM & Compute statistic for each sample
oM |S) I abs(sum(subset(“SampIe(um)":D,Rowb:SO))—&10)| Build |
oM e.q. mean{"samplefcol_namei")
HIM Column name(s):

H Prefix: |sum

HI+

Hi Seeding:

Hi & Use dynamic seed

HM C Usze fixed seed

H 12641

HM

HI

Figure 9-16: Sample columns dialog for the marriage therapy problem
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Note: The seeding can be ignored at this point. Computers generate pseudo-
random numbers based on algorithms and these algorithms need to “start
somewhere.” Random number seeds are generally based on the system clock or
some other changing value so that new pseudo-random numbers sets are different
from those previously generated. This randomness explains how two runs of the
same experiment can result in slightly different results. However, if you are
attempting to debug a program or statistical model, then it may be advantageous
to use the identical number set multiple times. In order to do this, you can
provide a fixed seed. Also, different programs may utilize different algorithms to
generate pseudo-random numbers. For example, it is possible (and indeed, quite
likely) that programs such as Resampling Stats and StatCrunch will differ in the
final output. However, the difference is usually minor and within the error
constraints expected from random numbers.

3) Enter a column label (such as sum) and click Compute! This isa LONG
calculation and may produce one or more javascript warnings. Let the script
continue and be patient. After a few minutes (more or less) the new column will
contain the sum of the absolute deviations in the marriage therapy groups. The
following figure (figure 9-17) is an example of how the StatCrunch worksheet
might appear at this point.

StatCrunch ‘ ‘ Edit | ‘ Data | ‘ Stal

R Lirn Sum W
1 HI+1 3.58
2 HI+ 12.66
3 HI 11.24
4 HI+ 8.66
= HI 4,26
& HI+ 758
7 HI 4,42
3 HI+ 16.26
g HI 4,42
10 HI+ 4.26
11 HI 12,26
12 HI+ .34
12 HI 774
14 HI+ 374
15 HI 374
16 HI+ 12.26
17 HI 24,66
13 HI+ 374
19 HI 7.58
20 HI+ 0.66
21 HI 7,34
29 HrA E

Figure 9-17: Example of a StatCrunch worksheet for the marriage problem
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4) The final step involves finding out how many times the sum of the absolute
deviations is greater than 20.42 in the 10000 trials. We can use this information
to approximate a p-value. Select “Stat>Summary Stats>Columns” and select sum
as the column. In the Where box, enter sum>=20.42, click n in the Statistics box
and click Compute! (Figure 9-18).

Summary Stats »

Select column(s):

Where: oy |
SUM>=20 42 Bulld
Group by: =
| —=opuonal -'_I
Statistics: .

. B
|Y<‘u~ al
Std. dev \
std. ef = =

Parcentiles (comma separated):
—— A4 ated ).

Other statistic (use x for data, e.g. mean(x)):

| Bulid |

™ Store output in data table

? || cencel || computer |

Figure 9-18: Column Statistics for the sum of deviations column

The output of this particular simulation is shown below (figure 9-19). The
important statistic is n. The other values are computed automatically and are not
important in this problem.

Summary statistics:
Where, sum>=20.42

Column| n

sLm S5

Figure 9-19: Output of Column Statistics for an example simulation

5) In this trial, there were 55 instances in which the sum of the deviations from both
groups was greater than or equal to 20.42. In order to estimate a p-value from this
number, we should divide n/10000. This produces a p-value estimate of 55/10000
or 0.0055, which is consistent with the Resampling Stats result and constitutes a
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very rare event. The interpretation is that the differences among the three
treatments seem to be real, and not the product of chance.

StatCrunch Chi-Square Formula Example

Let’s try the marriage therapy problem again using a formula approach, instead of
resampling. We will use StatCrunch and a contingency table.

1) Open StatCrunch

2) Enter the marriage therapy data as shown below in figure 9-20

| StatCrunch | | Edit | | Data | ‘ Stat | ‘ Graph | | Help

Rt therapy HI L C
1 behaviaral 15 3 11
2 insight 24 =S
3

Figure 9-20: StatCrunch with marriage data

3) Select Stat-> Tables-> Contingency-> With Summary

4) Select HM, DM, and D as the columns for the table and “Therapy” for the row
labels as shown in figure 9-21
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Comtingency table (with summary) x|

- i
Select column(s)t
therap =l
Row labels:
[therapy =l
Column label:
Display:
Row parcent
Expected count
Contriations to Chi-Sauars . «
Hypothesis tests:
t indeperdencs 7 tables only)
S tedt for marging homoqgeneaty (2x2 only
Cramer's V test for assodation
Confidence intervals:
Larmids s
Uncertanty coefMaent
=
Confidence level: -
c
0.9 _:j'
|

E cancol Jl Gompute! ]

Figure 9-21: Selecting row and column variables

5) Click Compute! to view the contingency table and the Chi-Square results (figure
9-22).

Contingency table results:
Rows: therapy
Columns: Mone

"3
x

Hr | DM | O | Total
behavioral| 15| 3|11| 29
insight 24| 5| 1| 30
Total 39| 8|12| &9

Chi-8quare test:
Statistic |DF| Value |D—ua|ue

Chi—square| 2|10.896438| 0.0043

Warning: over 20% of cells have an expected count less than 5.
Chi-Sguare suspect,

Figure 9-22: StatCrunch Chi-Square results

6) The p-value of 0.0043 indicates the results are probably not due to chance.
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9.5 Goodness-of-Fit

Resampling Stats (RSXL) Solution

1) Open Resampling Stats and enter the digits O through 9 in cells A1:A10

2) Select “Resample” from the RSXL menu and choose C1 as the top cell of the
output range and 315 as the number of cells in the output range.

3) To simplify calculations, in cells E1:E10, enter the formula shown in the figure
below, adjusting the formula for each value from 0 to 9.

4) Enter 31.5in cell F1.

5) In cell G1, enter the following formula (all on one line) to calculate the sum of the
absolute difference between 31.5 (in cell F1) and the totals of each of the digits
from 0-9:

=ABS(F1-E1)+ABS(F1-E2)+ABS(F1-E3)+ABS(F1-E4)+ABS(F1-E5)+ABS(F1-
E6)+ABS(F1-E7)+ABS(F1-E8)+ABS(F1-E9)+ABS(F1-E10)

Menu Commands Toolbar Commands Custom Toolbars

E1l hd J= | =COUNTIF(SCS1:5C5315,"=0")

A B C D E F G
1 0 6 | 43! 31.5 69
2 1 0 37
3 2 1 28
- 3 7 18
5 4 5 27
6 5 6 27
7 6 8 34
8 7 1 42
9 8 9 36
10 9 5 23
11 0

6) Select cell G1 as the score cell and try 10000 trials.

7) On the Results sheet, enter: =COUNTIF(A1:A10000,">=216") in cell B1.

8) Divide this result by the number of trials to get the p-value.
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9) If you have patience, a fast computer, and Excel 2007 or Excel 2010, try 100000
trials and see what happens. Try 1000000 trials (if you have patience!). You will
have to adjust the formula in cell B1 of the Results sheet to reflect the new
number of trials.

StatCrunch

1) Enter the digits 0-9 in the first column. Rename the column “box” or something
similar.

2) Select Data>Sample and select the box column. Enter 315 for the sample size,
check Sample with Replacement, and enter 10000 for the number of samples.
The Statistic expression is complex. Look at it carefully and either type or
copy/paste into the expression box (see figure 9-23). Label the new column
sumdigits. Click Compute!
abs(sum("Sample(box)"=0)-31.5)+abs(sum("Sample(box)"=1)-
31.5)+abs(sum("Sample(box)"=2)-31.5)+abs(sum("Sample(box)"=3)-
31.5)+abs(sum("Sample(box)"=4)-31.5)+abs(sum("Sample(box)"=5)-
31.5)+abs(sum("Sample(box)"=6)-31.5)+abs(sum("Sample(box)"=7)-
31.5)+abs(sum("Sample(box)"=8)-31.5)+abs(sum("Sample(box)"=9)-31.5)

3) Each component of the above expression sums the raw count of each digit in turn,

and takes the absolute value of the difference in that count and 31.5. The sum of
the entire expression is our statistic of interest. The results (after a short wait for
10000 trials... the javascript in the new SC isn’t quite as fast as java in the classic
SC!) are shown in figure 9-24.
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Sample Columns x ‘

Select columns:

Sample size: [3{57 )

Number of samples: |1'“I-(jl|

Sampling options:

W Sampée with replacement

™ Sampde &ll columns at one time
I~ Save row ids for samples

Store samples:

© Split across columns

© Stacked with a sample |d
@

Compute statiste for each sample
hmpla{box)"=8)-31 5)+abs(sum("Sample(box) =9)-31.5)| L BGIL]

e.g. mean(“Sample{col_name)")

Column name(s):

prefix: [sumdigied] |

Seeding:

& Use dynamec see

C Use fixed &

] [Saneor ] compitr |

Figure 9-23: Sample columns setup

StatCrunch | | Edit | | Data | | Sta

R.ow box sumdigits {
1 0 37
e 1 37
3 2 =3
4 3 34
5 4 43
= = =)

7 & SE
g 7 29
9 =] 47
10 . 34
11 45
12 =4
1z =4
14 =4
15 33

Figure 9-24: Sum of difference in individual digit counts and 31.5
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4) At this point, we need to find out how many times in 10000 trials the sum of the
digit count differences >=216. Select Stat>Summary Stats>Columns and fill in
the dialog as follows in figure 9-25. Click Compute!

| Summary Stats

Select column{s}:
box

21| sumdigits

where:
[surndigits==218 Build

Group by:
|——optiona|—— LI

Statistics:

Mean

wariance
Std. dew,
std. err, -

Percentiles {comma separated):
|——optiona|—— Enter 30 for 30th |

Other statistic (use x for data, e.qg. mean{x)):
|——optiona|—— | Build |

" store output in data table

| Cancel || Compute! |

Figure 9-25: Summary Statistics: sumdigits>=216

5) The result was an error message indicating that there were no rows meeting this
condition (figure 9-26).

Error: No rows in resulting data set.

Figure 9-26: Estimated p-value = 0.0000

6) There were no instances >=216 for an estimated p-value = 0.0000. In fact, for
this experiment, the maximum value in 10000 trials was 90 (using Data>Compute
Expression and max(sumdigits) for the expression).
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10 Correlation

10.3 The Vector Product and Sum Test

Download the Baseball_Payroll.xIsx file <here>

Resampling Stats (Vector Product)

1) Download the Baseball_Payroll.xIsx file. There is a copy of the original data
starting in cell B38. The workbook is generally ready for resampling. Column G,
starting in cell G38, contains the vector product formulas (you could use a
formula array instead of the column G formulas if you wish). The score cell is
highlighted and is cell G68.

2) Select cells C38:C67 and choose Shuffle (without replacement) from the
Resampling Stats menu. Select cell F38 as the Top Left Cell, keep the default
number of output cells at 30. Click OK (figure 10-1).

Original Data Shuffled Wins

216.1 279 60291.9 ' 224, 48406.4
146.66 278 40478.16

127.4 273 34780.2 x|
119.57 254 30370.78
115.16 248 28559.68 Input Range: |$c$33;$c$5? Eﬁ
11;40;1 ii 2:3;:;?03; Top Cell of Gutput Range $F435 5. LCHI
108.16 257 27797.12 Murnbet of Cells in Cukpuk Range: |3|:| Help |
103.58 251 25998.58

1n? A IRA 77791 A | | | |

Figure 10-1: Shuffle the wins

3) Select cell G68 as the score cell and choose Repeat and Score. Try 1000
iterations/trials.

4) On the Results worksheet, enter =COUNTIF(resultl,”>=668620")

5) The results of one experiment found no values >=668620, which corresponds to
the histogram (figure 10-4) in the text.

StatCrunch Resampling Method

1) Start StatCrunch and copy/paste the baseball payroll data (in column B, starting
with cell B2) into the first column of StatCrunch. Label the payroll column
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Baseball_Payroll.xlsx

“payroll” or something similar. Copy/paste the Total Wins data (in column C,
starting with cell C2) to the second column in the StatCrunch worksheet. Label
this new column “wins” as shown in the following figure:

StatCrunch | | Edit | | Data | E

R oy payroll Wins
1 2161 273
2 146,66 276
3 1274 273
4 11957 254
5 11516 248
= 114.4 202
7 110,05 227
i 108.16 257
3 1032.58 251

3

4 e —oe e

Figure 10-2: Baseball payroll example

2) Column 3 in StatCrunch will hold the vector product of payroll*wins. Select
Data>Compute Expression and enter payroll*wins in the Expression box. Name
the new column product as shown in figure 10-3. Click Compute! Figure 10-4
illustrates the product column.

Compute Expression .4

Expression:
|pa~;ro|l*wins | Build |

Column label:
|product] |

? Cancel Compute!

Figure 10-3: Compute expression payroll*wins
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statCrunch | | Edit | | Data | | Stat | | Grapl

.o payroll Wins product

1 2181 279 E0291.9
2 146.66 276 40478.16
3 127.4 273 34780.2
4 119.57 254 30370.78
= 115.16 248  Z28553.68
= 114.4 282 S32260.8
7 110,05 227 24981.55
g 108.16 257 2779712
S 103.58 251 2599B8.58
10 1026 266 27291.6
11 101.81 246 25045 .26

Figure 10-4: Vector product payroll*wins

3) Perform the resampling procedure by selecting “Stat>Resample>Statistic”” and
choosing the “wins” column to resample. Select Permutation-without
replacement and enter sum(payroll*wins) as the Statistic expression. Click the
Resample Statistic button (figure 10-5).
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|| Resample Statistics

Columns to resample:

ayroll “1|wins

product -

Statistic:

|Sum(payroll*win8)

Resampling method:
T Bootstrap - with replacement
& Permutation - without replacement

Type of resample:
& Univariate - resample columns at different rows
 Multivariate - rezample columns at zame rows

Number of resamples:

Percentiles:

[2.5, 5, 50, 95, 97.5

" store resampled statistics in data table
¥ Histogram of resampled statistics
M ) plot of resampled statistics

Graph properties:
Color scheme: |Defau|t Ll

[ISO FE R B R

=l

i

| Cancel || Compute! |

Figure 10-5: Resample wins column (without replacement)

4) The “wins” column is the only column that will be resampled. The “payroll”
column will remain static. The sum of the vector product between the static
column and the resampled “wins” column will be calculated 1000 times.

I”

“payrol

The results are shown in figure 10-6. The sum of the vector product in the

original data was 668620. This value is outside the 97.5™ percentile of the results
of this particular experiment, making it highly unlikely that the results were due to

chance. Figure 10-7 is a histogram of the results. The red line on the right

represents the vector product of the original data.
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. Options (1 0f3) AR |
[options | |

Statistic: sum{payroll * wins)
Observed | n | Mean | Std. dev. |2.5th per.| 5th per. | 50th per. | a5th per. |9?.5th per.

66861968 |1000|654087.1 | 4341.1172 | 845626.97 | 646843.38 | £54292.04| 661066.23| £62593.97

The table below incdudes the observed permutation with resamples.
Observed |Proportion <= Dbserued|Pr0porti0n = Observed

568615.68 1| 0.00059%001

Figure 10-6: Baseball payroll results

. Options (2 of 3) = x'
[options ] |

Freguency

200

150

100

s0

40000 &45000 £50000 &55000 £60000 65000 £70000

Fesampled statistics

Figure 10-7: Histogram of baseball payroll vector products

StatCrunch Formula Method

Let’s use StatCrunch and its formula method to verify the Resampling Stats results.
1) Copy the payroll and wins data from the Excel Baseball_Payroll.xlsx workbook

and paste into StatCrunch (figure 10-8). Rename the columns “payroll” and
“wins”.
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StatCrunch | | Edit | | Data | E

R oy payroll Wins
1 2161 273
2 146,66 276
3 1274 273
4 11957 254
5 11516 248
= 114.4 202
7 110,05 227
i 108.16 257
3 1032.58 251

Figure 10-8: Initial StatCrunch worksheet

2) Select Stat>Summary Stats>Correlation and choose both the payroll and wins
columns. Check the two-sided P-value in the Display in Correlation Matix
section. Click Compute! Figure 10-9 shows the results.

= %

Correlation between wins and payroll is:
0,63345732(0,0002)

Figure 10-9: Correlation coefficient r=0.633

3) The correlation coefficient indicates a strong relationship and is statistically
significant (two-sided p=0.0002).

StatCrunch Resampling (Vector Product) Revisited

The following procedure uses a slightly different method in StatCrunch to solve the
baseball payroll example.

1) Use the original StatCrunch data above or recopy/paste from the Excel
Baseball_Payroll.xIsx workbook. If you re-use the original data, choose
Edit>Columns>Delete and select the product column for deletion (if the column
still exists).

2) Select Data>Sample and choose both columns (figure 10-10). It doesn’t matter

whether we randomize the order of one column or both columns. The result will
be a random pairing of payroll and wins and the final outcome will be the same.
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Sample Columns x

Select columns:
all payroll
Wwins -

Sample size:

Number of samples: |1000

Sampling options:

[T sample with replacement

M sample all columns at one time
[T save row ids for samples

Store samples:

© Split across columns

© Stacked with a sample id

& Compute statistic for each sample
|sum(“SampIe(payroII)”*”SampIe(wins)”) | Build |
e.g. mean{"Sample{cal_name)")

Column name(s):

Prefix:

Seeding:
& Use dynamic sead
C Use fixed seed

12641

7

‘ Cancel H Compute!

Figure 10-10: Sample columns with statistic expression

3) As shown in figure 10-10, enter 30 for the Sample size, 1000 for the Number of
samples, and sum(*"Sample(payroll)"*"Sample(wins)") for the statistic
expression. Name the new column result or something similar and click
Compute!

4) Select Stat>Summary Stats>Columns, choose the result column, enter the
expression: result>=668620 and click n for the statistic. Click Compute! (figure
10-11).
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Summary Stats x

Select column{s):

payrall =] |result =
i

where:
[result>=668620 | Build |

Group by:
|——optiona|—— ;|

Statistics:

Mean

Variance
Std. dev,
Std. err -

Narrantilac f ~ammma canaratadys

Figure 10-11: Summary statistic Where: expression

5) There were no examples that matched the Where expression in the above
experiment. Trying the summary stats again, this time without the Where
expression and with the Max function selected in the Statistics box, the maximum
value was displayed and is shown in figure 10-12.

%

Summary statistics:
Column | Max

result | 667578.84

Figure 10-12: Max value

6) The max value is close to the criteria in the original Where statement. 1f we
would try more samples, perhaps we could find a success? Retry the exercise and
use 10000 samples.
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Resampling Stats Online Dating (Try It Yourself)

Try It Yourself
(optional - requires Resampling Stats or StatCrunch)

An online dating site seeks to learn more about what it can do to encourage
successful outcomes to the relationships formed by its customers. It
collects various data, including satisfaction surveys 6 months after a
customer first signs up, and also how much time the customer has spent on
its dating site. Satisfaction data is recorded as an integer between 1 and
10, and time-on-site is recorded in minutes. Here are hypothetical results:

time spent satisfaction
10.1 2

67.3 7
34 2
2.9 1
126.3 9
39 8
4.6 1
211.3 6

Calculate the vector product sum and use a resampling procedure to test
whether there is a correlation between time spent and satisfaction.

This problem is nearly identical to the baseball payroll example. Here are the steps using
Resampling Stats:

1) Start Excel and load the Resampling Stats add-in. Enter the “time spent” and
“satisfaction” data in adjacent columns in Excel. Create a “product” column by
multiplying the “time spent” and “satisfaction” columns as you did for the
baseball payroll example (figure 10-13).
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c10 - Jfe | =sUum|c2:C3)

A B = D

time spent  satisfaction product
10.1

67.3

34

2.9

126.3

39

20.2
471.1
68

2.9
1136.7
312
4.6 4.6
211.3 1267.8

1
2
3
a
5
5
7
8
:
10 [ 2833l
11

O = 0D WD = R ] R

Figure 10-13: Vector product online dating data

2) Copy the dating data in cells A2:A9 and paste this data in cell E1.

3) Select Shuffle from the Resampling menu. Choose cells B2:B9 as the input range
and cell F1 as the top cell of the output range (figure 10-14).

Single Row,/Column Shuffling

Input Range: |$B$2:$B$g E |4
Top Cell of Sutput Range |$F$1| Fl Cancel
Mumber of Cells in Oukpuk Range: IB Help

Jail

Figure 10-14: Shuffle dialog online dating

4) Click OK and create a new product column using the data in cells E1:E8 and the
shuffled data (permutation resampling... without replacement) in cells F1:F8.
Calculate the sum of the new product column in cell G9 (figure 10-15).
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E F | G |

10.1 1 10.1
67.3 8 5384
34 7 233
2.9 9 26.1
126.3 2 252.6
39 1 a9
4.6 2 9.2
211.3 6 1267.8

I 23 81.2!

Figure 10-15: Onine dating vector product sum after resampling

5) Select Repeat and Score, choose the vector product sum (cell G1 in figure 10-15)
and try 1000 iterations/trials.

6) In the Results worksheet, enter the Excel function =COUNTIF(resultl,
“>=3283.3") in cell C1 to find the number of instances where the resampled
vector product sum meets or exceeds the vector product sum of the original online
dating data.

7) As figure 10-16 illustrates, there were 49 instances of a vector product sum
exceeding the original value of 3283.3. This results in a p-value of 49/1000 or
.049. Based on this experiment (your results may differ slightly), the original
results are most likely not due to chance and there is a correlation between time
spent online and satisfaction with the dating service. A histogram of the results is
shown in figure 10-16.

80
60
40

Counts

20

950.5
1950.5
2150.5
2350.5
2550.5
2750.5
2950.5
3150.5
3350.5
3550.5

n 0 00
o O O O
N n wn n
- N N N~
L B e B o B o |

Vector Product Sum

Figure 10-16: Vector product sum online dating
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Note: This is an interesting result in that the p-value is very close to 0.05, a common p-
value established in many behavioral or educational studies as the “cut-off” or criterion
for statistical significance. It might be worthwhile to try this experiment multiple times
or with more trials in order to establish whether or not the p<0.05 has actually been met.
See the StatCrunch results and the subsequent note for further information.

StatCrunch Online Dating Resampling Procedure (Try It Yourself)

The steps for simulating the online dating satisfaction example in StatCrunch are nearly
identical to the procedure used for solving the baseball payroll example. You can use any
of the StatCrunch methods illustrated in the baseball payroll example, however this
example will follow the first resampling method which uses the
“Stat>Resample>Statistic” procedure.

1) Start StatCrunch and load the online dating data. Label the columns appropriately
and create a product column as shown in figure 10-17.

StatCrunch ‘ ‘ Edit | | Data | | Stat ‘ ‘ Graph ‘

Ry tirme satisfaction | product Wd

1 10.1 2 20,2
2 67,32 7 471.1
3 24 2 &8
4 2.9 1 2.9
=) 126.2 E| 1128.7
& 39 8 312
7 4. 1 4.%
3 211.3 & 1287.5
2

Figure 10-17: StatCrunch worksheet online dating satisfaction example

2) Select “Stat>Resample>Statistic” and complete the dialog as shown in figure 10-
18.
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Resample Statistics ®

| v

Columns to resample;

firme ~||zatisfaction =
satisfaction

product - -
Statistic:

|sum( time*s atisfaction) | Build |

Resampling method:
C Bootstrap - with replacement

Type of resample:
& Univariate - resample columns at different rows
C Multivariate - resample columns at same rows

MNumber of resamples:

Figure 10-18: Resample Statistic dialog online dating example

3) Click Compute! and view the results (figure 10-19):

(10f3) 2 %
Statistic: sum{time * satisfaction)
Observed| n | Mean ‘ Std. dev. |2.5th per. ‘ 5th per.|50th per. ‘ a5th per. ‘ a7.5th per.
32833 [1000|2220.6175|648.63458|  1120.9| 1218.45| 2196.35| 3279.65] 3397.1

The table below includes the observed permutation with resamples.
Observed | Proportion <= Observed ‘ Proportion => Observed

32835.3 0.95104895‘ 0.04395005

Figure 10-19: Results online dating satisfaction

4) The results of the StatCrunch simulation indicated that the p-value was
0.04995005 which can be rounded to 0.050.

Note: Why is this result slightly different than the 0.049 p-value obtained in the
Resampling Stats experiment? Remember that resampling methods employ random
selection of data, either with or without replacement. It is the nature of randomness that
we should not expect the same result each time we run an experiment or simulation.
However, averaging repeated sets of experiments or using a large number of trials
(10000+) we would expect the results of resampling methods to approach a correct value.
Following the results of the StatCrunch experiment, the author repeated the Resampling
Stats example using the same data, but with 10000 trials. The p-value obtained in the
new experiment was 0.051.
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10.4 Correlation Coefficient

Resampling Stats (Baseball Payroll)

1.

Place the team payroll data in cells B2:B31. The corresponding team wins data
should go in cells C2:C31.

With the cursor in a blank cell, type the “=CORREL” function (cell E1 in Figure
10-20). Choose cells B2:B31 as the first array and C2:C31 as the second array.

The function result is .64 (rounded), indicating a strong relationship between
payroll and wins.

Copy the array C2:C31 to a new location (a temporary “parking” place) such as
cells G1:G30 (see Figure 10-20).

Use the Shuffle function on the Resampling Stats menu to shuffle the G1:G30
range back into C2:C31 by using cell C2 as the Top Cell of the output range.
Note the change in the correlation coefficient.

Select the “=CORREL” cell for Repeat and Score and try 1000 iterations.

On the “Results” worksheet, find a 90% confidence interval using the
“=PERCENTILE” function. Display a histogram of the Results (Figure 10-21).
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El v f:‘ =CORREL(B2:B31,C2:C31)

A B C D E F G
IITeam Payrall Wins 0.637626 280
2 Yankees 216.10 280 277
3 RedSox 146.66 277 274
4 Mets 127.40 274 254
5 Dodgers 119.57 254 248
6 Cubs 115.16 248 283
7 | Angels 114.40 283 227
8 Mariners 110.05 227 257
9 Tigers 108.16 257 251
10 White Sox 103.58 251 266
11 Phillies 102.60 266 247
12 Cardinals 101.81 247 241
13 |Astros 101.69 241 219
14 Giants 94.20 219 235
15 |Braves 92.44 235 256
16 Blue Jays 88.62 256 207
17 Orioles 83.43 207 234
18 Rangers 80.10 234 248
19 Brewers 73.72 248 226
20 Reds 73.22 226 248
21 D-Backs 70.97 248 240
22 Padres 70.83 240 244
23 Athletics 68.22 244 255
24 Indians 67.66 255 263
25 Twins 67.28 263 240
26 Rockies 64.74 240 206
27 Royals 61.01 206 203
28 MNationals 56.81 203 202
29 Pirates 48.52 202 224
30 |Rays 39.76 224 233
31 Marlins 27.07 233

Figure 10-20: Correlation between payroll and wins
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24

B1
"
0.075289

0.122352
-0.00392
0.11708
0.260676
0.164731
0.111016
0.121419
0.197204
-0.37112
-0.10757
-0.04334
-0.24146
0.14517
0.001124
-0.02405
0.05053
-0.1523
D.11142
0.190935
0.067068
0.012833
0.093737

v Jx | =PERCENTILE(A1:A1000,0.05)

8 | C

-0.30908] <- 5% Level
0.205848 0.301923 <-95% Level

D

Bin MidPt Counts

-0.454
-0,383
-0.313
-0.242
-0.171
-0,101
-0.03
0.041
0.112
0.182
0.253
0.324
0.392
0.465
0.536
0.607

8
23
a7
58
93

128
156
146
123
103
53
37
14

2
1

E

% Total
0.8
2.3
4.7
58
9.3

12.8
15.6
146
12.3
10.3
5.3
3.7
1.4
0.8
0.2
0.1

;

Cu. Freq.
0.8
3.1
7.8
13.6
229
35.7
51.3
65.9
78.2
B88.5
93.8
a97.5
98.9
99,7
99.9
100

Figure 10-21: Resampling distribution of correlation coefficient for baseball, under the null

StatCrunch Resampling (Baseball Payroll)

hypothesis

We can generally replicate the Resampling Stats procedure for the resampling
distribution of the correlation coefficient using StatCrunch. The StatCrunch expression
cor(x,y) is similar to Excel’s =CORREL(Range1,Range2) function. Where the Excel
function =CORREL(Rangel,Range?2) calculates the correlation coefficient between the
data in Rangel and Range2, the StatCrunch expression cor(x,y) calculates the correlation
coefficient between data in columns x and y. Here is the procedure:

© 2015 Statistics.com LLC

1) Start StatCrunch and load or paste the baseball payroll data into the worksheet
(figure 10-22).
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payroll Wins

2161 273
14c.66 27
127.4 273
113,57 254
115.1% 2458
114.4 282
110,05 227
108.1e 257
103.58 251
1026 el
101.81 248
101.69 240

4.2 213
22,44 234

g98.62 255

Figure 10-22: Baseball payroll data

2) Select Stat>Resample>Statistic. Choose both the payroll and wins columns as
Columns to resample. In the Statistic edit box, enter the expression
cor(payroll,wins). Choose the Permutation - without replacement option. Keep
all other default settings and click Compute! (figure 10-23).

Resample Statistics |

payrall =
Wing -
Statistic:
|cor(pa~;ro|l, Wins) | Build |

Resampling method:
 Bootstrap - with replacement

Type of resample:
& Univariate - resample columns at different rows
C Multivariate - resample columns at same rows

Mumber of resamples:

Percentiles:

Figure 10-23: Resample Statistic dialog
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3) The result of one experiment of 1000 resamples is shown in figure 10-24.

L Optlons | (10fn) -
Statisticz cor(payroll, wirs )
obsorved l n | Mean Std, dov, 1 2.5th par., \ sth per, l 50th per, 25th per, }w.!.m per,
Bt ctntrdckobon | A B il I BBt RS2 Wi e = E Ml vl bl aoid
W75 1000 (-0,0025437962 | 0.1 659%20D | -0, 536 9324 | -0 ;.n_,v-]\.‘.‘!u_ an 29610638 | WBESEN?
The table Selow Includes the observed perrmutation with resamples
| |
Observed |Proportion « ()hv.ervcdiDrc)ponlon Observed
63345733 | 1 0.000953001
| |
[=]

Figure 10-24: Result of one experiment

4) This tells you that the observed correlation was 0.633, and that, in 1000 resamples
(permutations), the resampled correlation was => the observed value less than
0.099% of the time (0.00099 is the estimated p-value). So the observed value is
not likely something that happened by chance, and is statistically significant.

5) In addition, the 90% confidence interval is from the 5™ percentile to the 95"
percentile and is consistent with the Resampling Stats result. Click the > button
to view the histogram (figure 10-25).

[options | (2 or3) o

Frsquancy
200

120

100

=0

-0.6 -0.4 -0.2 o 0.2 0.4 0.6

Rezampled statiztcs
(<[]

Figure 10-25: Histogram of the distribution of the confidence intervals (resampling)

6) Note that the calculated correlation coefficient of 0.633 (red vertical line) is
outside the boundary of this histogram.
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11 Regression

11.4 Inference for Regression

Resampling Stats

1) Click <here> to download the LungDisease.xIsx workbook.

2) Select cell A5 and choose “Resample” from the Resampling Stats menu or
toolbar, and select the “Resample Rows as Units” option. (This option causes
resampling to proceed on the basis of rows — when a selection is made for the
resample, it is of a whole row as a unit, not individual elements separately). The
input range should be both columns of Exposure and PEFR data (cells
$A$5:$B$126 in figure 11-1). The Top Left cell of the output range should be
cell D5 in this particular worksheet example.

3) To see how a line-fitting analysis works in Excel, select empty cells to place the
functions SLOPE and INTERCEPT. That is, enter =SLOPE(E5:E126, D5:D126)
into cell G5 and enter =INTERCEPT(E5:E126, D5:D126) into cell G6, as shown
in Figure 11-1. These commands mean “find the slope and intercept of the
regression line fitted to the data in the referenced range.”

4) Repeat and Score 1000 trials on the cell for INTERCEPT.
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LungDisease.xlsx

Home Insert Page Layout Faormulas Data Review View

Open [g&] Save As = R S PBS U Soer [k B @
Close Resampling = (=]
lﬂ Save
Menu Commands Toolbar Commands Custom Toolbars
Gh - I =INTERCEPT({ES:E126, D5:D126)
A B C D E F ]
1 Resampling and Regression
2
3 Exposure: PEFR: Resampled Rows as Units
4
3 0 390 3 430 -5.00633
] 0 410 20 530 444 679
7 o 430 21 510
& 0 460 ] 430
9 1 420 20 490
10 2 280 20 320
11 2 420 4 520
12 2 520 10 S00
13 3 610 17 360
14 3 590 19 220
15 3 430 B 350
16 3 410 19 360
17 3 360 21 330
18 3 320 3 410
13 4 110 20 470
20 4 390 20 290

Figure 11-1: Regression via resampling — revisit the PEFR data

5) If you analyze the Results sheet (with sorted output values) for the 1000 trials
with the Histogram function and check the Cumulative Frequency Chart check
box, you’ll see something like the output in Figure 11-2. It certainly indicates that
the computed intercept (in the “Bin MidPt” column) has a wide range of values
over the y-axis (PEFR) for the resampled data sets. Also notice the 90%
confidence interval (5th and 95™ Percentile values). You can compare these
results to the results of standard regression analysis with Excel’s Regression
routine (under Tools/Data Analysis), although it also would be interesting to
invest a few minutes in 10,000 or 100,000 trials for the resampling procedure.
You should try the simulation again using the SLOPE value as a statistic of
interest.
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A B = D E F G H | 1 K L
1 |Resam I"H Intercepts Bin MidPt Counts % Total Cu. Freg.

2
3
4
o
6
7
8
9

10
11
12
13
14
15
16
17
13
15
20
21
22
23
24
25
26
27
28
29
30
31

354.284 356.784 1 0.1 0.1

361.9293 361.734 3 0.3 0.4

362.621 366.734 a 0.4 0.8 153

362.7597 371.784 1 0.1 0.3 w80

365.7901 376.734 5 0.5 14 Z w0

365.908 381.784 18 1.8 3.2 8 4o

366.0669 386.784 15 15 a7 23

366.4089 391.784 23 2.3 7 R - A - O - 1
369.82 396.784 a1 a1 111 55 E S E5 S e S5 eSS

n wr~ 00N O o ™M s W M

375.3288 401.734 37 3.7 14.8 MMM MY YT TS ST

377.9306 406.734 70 7 21.8

377.9493 411.784 92 9.2 31

379.0842 416.784 77 7.7 38.7

379.1445 421.734 97 9.7 43.4

379.5997 426.734 102 10.2 58.6

379.7639 431.784 30 3 67.6

381.548 436.784 69 6.9 74.5

381.7882 441.734 83 8.3 82.8

381.9068 446.784 58 5.8 88.6

382.0211 451.784 a4 a4 93

382.6203 456.784 30 3 96

382.7037 461.784 19 13 97.3

382.8014 466.784 11 11 99

382.8093 471.784 3 0.3 99.3

382.9354 476.734 3 0.3 99.6

383.3581 481.784 a 0.4 100

383.4596

383.5575 cellA51 | 390.1783] < 5th Percentile

383.7563 cell A951| 457.4023| <- 95th Percentile

384.0317

Figure 11-2: Analyzing PEFR regression intercept output

PEFR Again: Running Regression from the Resampling Add-in

1) Select the data in both columns with a standard click-drag (click <here> to
download LungDisease.xIsx).

2) Choose “Resample” from the Resampling Stats menu or toolbar, and select the
“Resample Rows as Units” option. (This option causes resampling to proceed on
the basis of rows — when a selection is made for the resample, it is of a whole row
as a unit, not individual elements separately.) In this case, use D4 as the top left
output cell.

3) From the Resampling menu (the Add-ins menu or right-click a cell for the cell
menu) choose “Regression.” If we call the Regression function from the
Resampling menu, we’ll be asked to identify the x-range, the y-range, and the
beginning output cell and a confidence interval (Figure 11-3).

4) Click “OK” and the output in Figure 11-4 will display in the Excel worksheet.
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LungDisease.xlsx

Resampled Rows as Units

22 490 L :

20 220

19 160

16 220

12 410 RSExcel Regression Analysis x|
3 320

20 320 ¥ Range: $ES4 $EF125 e lLI
7 340 ¥ Range: t0%4 £05125 E Cancel |

20 460

19 390 Top Left Cell of Output Range: |$GH4 E Help |

20 260 Caonfidence Level: 0.as

23 390

19 360 (©2011 statistice.com, LLC  Written by Stan Blank, PhD

20 230 Contact us at 703-522-2713 or stats@resample.com

22 280

17 27N

Figure 11-3: X-Y input for the Resampling menu regression option

Note: This confidence interval specification in regression is a conventional (non-
resampling) confidence interval needed as an input to Excel’s regression routine; it is
NOT related to the confidence interval we will be developing through Repeat &
Score. Think of it as a meaningless number you must fill in for the regression routine
to work.

5) The output from one experiment is shown in figure 11-4.
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f G H | J K L M N (8]
nits
SUMMARY OBTPUT
Regression Statistics
Multiple R 0.297809236
R Square 0.088690341
Adjusted R Sq. 0.081096094
Standard Error 104,3429934
Observations 122
ANOVA
df $S MS F Significance F

Regression 1 127150.5443 127150.5443 11.67862192 0.000B63B72
Residual 120 1306495.357 10887.46131
Total 121 1433645.902

Coefficlents Stondard Error t Stot P-value Ltower 95%  Upper95% Llower 0.95% Upper 0.95%
Intercept 4324085896 23.76967211 18.19160936 2.70027€-36 385.3462931 479.4708862 432,1249794 4326921999
X Variable 1 -4.85523115 1.420738374 -3.4173998B 0.000863872 -7.66819425 -2.04226804 -4.87218283 -4.83827946

Figure 11-4: Output of Excel regression (in the Data Analysis Toolpak)

Note: The regression equation for the above experiment can be formed from the
Intercept and X Variable 1 Coefficients at the bottom of the output. In this example, the

regression equation (rounded) is:

y =-4.855 x +432.41

StatCrunch

This section illustrates calculating a regression equation using StatCrunch. Load the
PEFR data into StatCrunch (copy/paste) and label the columns as shown in figure 11-5:
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StatCrunch | | Edit | | Data | E

R [=qulel W= PEFFR.
2 0] 330
3 0] 410
4 0] 420
5 0] 450
5 1 420
7 2 280
=] 2 420
2 2 S20
10 3 £10
11 3 520
12 3 420
13 3 410
14 3 3e0
15 3 320
1& 4 110
17 4 320
18 4 400
19 4 420

Figure 11-5: PEFR data

1) Select Stat>Regression>Simple Linear. Choose the exposure column for the X
variable and PEFR for the Y variable (figure 11-6). Click Compute!

Simple Linear Regression
X variable:
[exposise -
Y variable:
[FEFR _-]
Where:

[:=opt [ Bulld |

Group by
[optionsl—- =

& Hypothesls tests

Hg! Intercept = |0 l
J

Ha! [n(crf:ttplf z :I
Ho: Slope = |0 1
Ha: Slope | = -I 0

© confidence intervals

Figure 11-6: StatCrunch simple linear regression

2) The results are shown in figure 11-7
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(1 0f 2)

Simple linear regression results:

Dependent Wariable: FPEFR

Independent Wariable, exposure

PEFR. = 379.16543 - 0,90396212 exposuUre
Sample size: 123

R {correlation coefficient) = -0,16780142

R-=q = 0,0281573215

Estimate of error standard deviation: 1032.93014

Parameter estimates:
Parameter| Estimate Std. Err. | DF |959%%9 L. Limit|95%0 U, Limit

[ntercept 372.1654% | 12060244121 35528303 40Z2.04192
Slope -0.20396312 |0.48279236 | 121 -1.8597779] 0.05185170%

Analysis of variance table for regression model:
Source | DF ss M3 F-stat |P-value

Model 137867244 | 37867244 | 3.5057476 | 00636

Error 121]1306978.5|10801.475
Total 12212443457

Figure 11-7: PEFR = 379.16549 — 0.90396312*exposure

3) The regression equation from StatCrunch is different from the Resampling Stats
equation. Why? If you ran the Resampling Stats experiment again, would you
get the same regression equation? How about the StatCrunch procedure? Finally,
compare the confidence intervals in both Resampling Stats and StatCrunch. Are
the Cls reasonably close?

StatCrunch (PEFR Lung Disease Linear Regression — Resampling Solution)

The StatCrunch resampling solution was prepared after some kind suggestions from
Webster West, the author of StatCrunch.

1) Enter the lung disease data into StatCrunch. The easiest method would probably
be a copy/paste from the LungDisease.xIsx workbook, which you can download
from the Resampling Stats subsection in this chapter. Figure 11-8 illustrates the
data in StatCrunch.
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StatCrunch Edit Data St

axp pefr

|
]
b=

=30
410
420
30
420
280
420
S20
&10
=30
420
410
SE0
320

Figure 11-8: PEFR data in StatCrunch

=
DS m s kW N e

—
[+

—
La)
(SN IRV I N [y R Y R N L U O T L I e R

H
In

2) Select Data > Sample. Select both columns, enter a Sample Size of 122 and 1000
for the Number of samples. Check Sample with replacement and also check
Sample all columns at one time. In the Store Samples section, select Stacked with
a sample id. Figure 11-9 illustrates the dialog with options selected. Click
Compute!
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Sample Columns

Select columns:

exp
pefr

Sample size:
Number of samples: |1000

Sampling options:

F Sample with replacement

M sample all columnz at one time
M Save row ids for samples

Store samples:

C =plit across columns

& Stacked with a sample id

' Compute statistic for each sample

e.g. mean("samplefcal_name)"}

Column name(s}:

Prefix:

Seeding:
® Use dynamic seed
C Use fixed seed

12641

‘ Cancel H Compute!

E

Figure 11-9: Sample columns dialog

3) This method of resampling will add 122*1000 (122,000) rows and 3 new columns
to the StatCrunch worksheet. If you scroll downward, you can see that the
Sample column contains sample 1Ds for each of the 1000 resamples. The IDs
range from 1 to 1000, with 122 row entries associated with each ID. Figure 11-10
shows the top few rows of the revised worksheet. All of the 1000 resamples have
been stacked in the worksheet, with each resample of 122 rows assigned a
numerical ID from 1 to 1000 in order.
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StatCrunch | | Edit | | Data | | Stat | | Graph | | Help |

R0 exp pefr samplefexp’ Sample{pefr Sample
1 ] 390 21 400 1
2 o 410 19 330 1
3 0 430 21 320 1
4 ] 40 14 200 1
= 1 420 22 3e0 1
& 2 280 3 410 1
7 2 420 2 Z2B0 1
g 2 =20 4 230 1
3 3 510 4 110 1
10 c: 590 22 400 1
11 3 420 . 210 1
12 3 410 20 230 1
13 c: 380 17 380 1
14 3 320 13 400 1
15 4 110 21 330 1
16 4 390 1z 400 1
17 4 400 19 310 1
18 4 420 & 200 1
12 4 450 19 290 1

Figure 11-10: New columns and rows added

4) Now for the regression! Select Stat > Regression > Simple Linear. Choose the
Sample(exp) column for the X-Variable and Sample(pefr) for the Y-variable.
Group by the Sample column and choose the Confidence intervals option (enter
0.90). Under Save, choose Model estimates (figure 11-11). Click Compute!

5) You will receive a warning message such as “Whoa... lot’s of values... do you

want to bin them?”” (or something similar). You don’t want to bin the values, so
click Cancel. You should, after a short wait, see something like figure 11-12.
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Simple Linear Regression

X variable:

|Samp|e(exp)

] K

[

¥ variable:
|Sample(pefr) Ll
Where:
|——optiona|—— | Build |
GGroup by:
|Samp|e ;|
' Hypothesis tests
= |0
o
= |0
Flo
& confidence intervals
Level:
Predict ¥ for X =
Prediction Level:
Graphs:
Fitted line plot
-—- with mean interval
-—- with prediction interval
Residual index plot
Histogram of residuals -
Save!
Residuals
Fitted values
Model estimates
Graph properties:
e P =) | Meafanle vl
? ‘ ‘ Cancel || Compute! |

Figure 11-11: Regression dialog for PEFR
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sipefr  Sample Sample Int Est Slope Est  Int Stc

00 171 397.56088 -1.9824583 19,420
330 1 2 43351517 -5.3135191 19.73C
320 1 3 45272265 -5 7720786 17 608
200 1 4 404,24902 -2.3601478 21,725
30 1 = 43490559 -5.0157356 22,34
410 1 & 44419225 -5.6842724 22,140
280 1 7428.39942 -4,3698575 19.85¢
290 1 8 425623476 -2.9624272 19.78¢
110 1 9 3385658 -2,1821058 20.36(0
00 1 10 41573311 -2.3562367 21.79¢
310 1 11 44270584 -5.0951654 25,9370
2390 1 12 428.80424 -4,2096859% 21.21:
ZE0 1 13 40998935 -2,8208884 20.2¢
00 1 14 42336962 -2.7247442 18.03¢
320 1 15 42028645 -4.740991%2 20,61«

Figure 11-12: Output from linear regression

6) The Int Est and Slope Est columns contain 1000 resampled intercepts and slopes.
Use Stat > Summary Stats > Column and select the Int Est and Slope Est
columns. Click n and mean in the Statistics section and enter 5, 95 for the
percentiles (see figure 11-13). Click Compute!

7) The results are displayed in figure 11-14.
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Bummary Stats

Select column(s):

=

Where:

[ Buid |

Group by:

~~opbona--

Statistics:

arar
Std. dey
std

elT.

Percentiles (comma separated):

5, 30

Other statistic (use x for data, e.g. mean(x)):

| Bulld |

™ Store output in data table

[ 7 || concel [ compute: |

Figure 11-13: Summary stats including 90% CI

Summary statistics:

Column Mean n 5th Per, a0th Per.
Int Est 424, 49446 | 1000 | 2839,92854 | 4492.71429
Slope Est|-4.1670814| 1000 | -6,1980578(-2.5471971

Figure 11-14: Regression by resampling results

8) The results are comparable to Resampling Stats
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12 Analysis of Variance - ANOVA

12.3 A Single Test

Box Sampler

Box Sampler can be used to solve the donut fat problem.
1) Enter all 24 fat values in the box as shown in figure 12-1.

Box Sampler

BOX

o @

w7

Value How many |[Remaining
164
172
168
177
156
195
178
191
197
182
185
177
175
193
178
171
163
176
155
166
145
164
170
168

[ e el e el el e e e e e e e e e e e e e e e e e
=R i=Ril=Rl=Ri=Hi=Ri=Ri=Hi=Hi=Ri=Ri=Ri=Ai=Hi=Ri=Ri=Ri=Ri=1l=Hi=Hi=RE=3i=]

Figure 12-1: Box Sampler setup for the donut fat example

2) The Sample Size is 24 and use 1000 for the # of Simulations. Enter the following
function should be entered in the Sample Statistics cell:
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=VAR.S(AVERAGE(G12:G17),AVERAGE(G18:G23),AVERAGE(G24:G29), AVERAGE(G30:G35))

Figure 12-2 illustrates the Box Sampler worksheet with one trial.

Al B c D |E F G H J K L
Box Sampler p-value 0

1

2

3

4

5 BOX Sample  |wih - Simulation Log Log of Sampl
5 ® - Replacement Statistic(s)
7 O » How

a (@ Show Sample Values Many? 1
g w " Show Freq. Distn Retresh
10 Fixed - # of superfast w |Sample Statistic
11 value How many |Remaining Sample Size: 24 Simulations: 1000 48.23 1.511

12 164 1 1 Sample 164 Simulation 1 48,2315

13 172 1 1 Values 170 1

14 163 1 1 178

15 177 1 1 171

16 156 1 1 168

17 155 1 1 182

18 173 1 1 178

19 191 1 1 175

20 197 1 1 155

21 132 1 1 156

22 185 1 1 163

23 177 1 1 178

24 175 1 1 164

25 153 1 1 178

25 178 1 1 164

27 171 1 1 182

28 163 1 1 163

29 176 1 1 197

30 155 1 1 164

K} 166 1 1 191

32 149 1 1 185

33 164 1 1 168

34 170 1 1 191

35 163 1 1 195

36

37

Figure 12-2: Donut fat example after 1 simulation

3) To calculate the p-value, enter:
=COUNTIF(Stat1, ">=90.91667")/ReplCount
in cell K1.

Figure 12-3 shows the results of one 1000 simulation experiment.
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¢ | =COUNTIF(Statl, ">=90.91667")/ReplCount
E F G H | J K L

p-value I o.oog_l

Sample | with - Simulation Log Log of Sample
- Replacement ~ Statistic(s)
> How
® Show Sample Values Many? 1
s Show Freg. Distn Reiresh
Fixed - # of Superfast | w | Sample Statistics
a| [sample Size: 24 Simulations:|  1ppg 42.6389
1 Sample 178 Simulation 1 58
z Values 176 1000 2 13.1944
L 155 3 47.0556
1 164 4 27.6921
1 155 5 37.8588
1 166 6 21.544
1 195 7 13.6111
1 176 8 42.3588
1 155 ] 49,7292

Figure 12-3: Box Sampler donut fat results for 1000 simulations

Resampling Procedure

Download the donut_fat.xlsx file <here>. This workbook contains the table form of the
donutHT .xls data.

1) Select the data area, cells B2:E7 (figure 12-4).

B2 M J= | 164
A B C D E
L Fatl Fat 2 Fat 3 Fat4
! |Replication 1 164 178 175 155
} |Replication 2 172 191 153 166
1 |Replication 3 168 197 178 145
3 |Replication4 177 182 1711 164
3 |Replication 5 156 185 163 170
7 |Replication 6 195 177 176 168 1
3 |Average 172 185 176 162

Figure 12-4: Select the 24 fat absorption values

2) Choose Resample from the Resampling Stats menu. Select cell G2 as the Top
Left Cell and choose Normal Resample (figure 12-5). Click OK.
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donut_fat.xlsx

A B C D E F G H | J K
Fatl Fat 2 Fat 3 Fat4a
Replication1 [ 164 178 175 155 L K
Replication 2 172 191 193 166
Replication 3 168 197 178 149 il
Replication 4 177 182 171 164
ReEIication 5 156 185 163 170 Input Range:  [4842:4E47 5|
Replication 6 135 177 176 168 Top Left Cell of Output Range 4Gz B _ICanceI
Average 172 185 176 162
Help |

% normal Resample

o Resample Rows as Units I Stratified Sample

"~ Resample Within Rows

Figure 12-5: Matrix resample (with replacement)

3) Enter the formula =AVERAGE(G2:G7) in cell G8 and copy this formula to the
right, stopping at cell J8 (figure 12-6).

=AVERAGE(G2:G7)

D E F | & | ®© | ]

Fat3  Fat4

175 155 171 193 182 182
193 166 168 197 149 164
178 149 182 149 172 195
171 164 193 164 191 168
163 170 155 163 185 178
176 168 176 178 195 164
176 162 | 172.1667 174 179 175.1667

Figure 12-6: Find the mean of each resample group

4) In cell K8, enter the formula =VAR.S(G8:J8) or =VAR(G8:J8) if you are using
Excel 2003. These formulas calculate the sample variance of the means.

5) Select cell K8 and choose Repeat and Score. Enter 1000 iterations/trials and click
OK.

6) Sort the data in the Results sheet from highest to lowest (figure 12-7).
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A

U}

1| 162.43 29.
2 | 125.3958
3 112.6944
4 | 102.5741
5 | 8B8.42593
6 88.07407
7 | 87.21065
&  86.30324
9 | 86.27778
10 | 86.19213
11 | 85.84815

172 2% BRIR

Figure 12-7: Four variances >= 90.92

7) There were 4 instances of the variance of the means being >=90.92. This is an
estimated p-value = 0.004.

8) Create a histogram and compare it to figure 12-4 in the text.

NOTE: Sometimes it is the case that the various groups (e.g. Fatl, Fat2, etc. above) have
different sizes. This does not matter in Resampling Stats - Simply select the range that
contains the entire set of data, and Resampling Stats will preserve the sample sizes in the
shuffled or resampled range. The rest of the procedure is the same.

StatCrunch Procedure

Download the donutHT.xls file <here>. This workbook contains the original donut
weight data in column format. You can also enter the data manually from figure 12-8.

1) Open and copy/paste the original donut weight data (found in cells C3:C26) into
the first column of the StatCrunch worksheet. Rename this column donut.
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donutHT.xls

StatCrunch | | Edit |

P donut
2 14
3 172
4 168
bt 177
=S 156
7 195
a 178
9 191
10 197
11 182
12 185
12 177
14 175
1= 19z
1e 178
17 171
18 183
19 176
20 155
21 166
22 1439
23 14
24 170
25 168

e

Figure 12-8: Original donut weight data

2) Choose Data>Sample and select the donut column. Enter 6 for the Sample size
and select Resample with replacement. The Statistic expression is:
mean(“Sample(donut)”) . See figure 12-9 for details.
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Sample Columns

Select columns:
donut

Sample size: D

Number of samples: |[1000

Sampling options:
I Sample with replacement

donut

I sample all columns at one time

[T save row ids for samples

Store samples:

© Zplit across columns
© Stacked with a sample id

& Compute statistic for each sample

[rean("Sarmplel donuty"y

| Build |

e.q. mean("Samplefcol_name)™)

Column name(s):

prefc

Seeding:

& Usze dynamic seed

O Usze fixed seed
12641

‘ Cancel H Compute!

Figure 12-9: Sample columns

3) Name the new column meanl and click Compute!

4) Repeat step 2 three more times, selecting the donut column for resampling and
renaming the new columns mean2, mean3, and mean4 respectively.
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StatCrunch | | Edit | ‘ Data | |

Stat | | Graph | | Help |

. donut meanl means means mean<
2 led 17616667 172 166687 170 173 68667
3 172 182.5 167 17266667 175 6GEGT
4 188 17483233 179 17383322 171
=) 177 171.4 18283333 183 33333 170.5
& 156 1672 1754 178 23333 167, 33333
7 125 173.1eee? 17083333 167.83333 1725
g 178 170.83333 172.33333 171.4 1674
9 191 16433333 173 17416667 16533333
10 137 189.16667 178 175.5 1664
11 1832 167.66667 1802 175 6o6a7 175
12 185 17366667 17023333 168.16667 178
1= 177 172.4 179 1764 164 22333
14 175 172 666687 172.5 1654 167 16667
15 123 172.4 14,2 1&g 68667 17316667
1& 178 16683332 173.83332 183 332322 176.2
17 171 181.33233 1580.4 17= 177.2
Figure 12-10: Output from the Sample columns procedures

5) To find the respective variances of the resampled means, select Stat>Summary
Stats>Rows and choose the 4 columns: meanl, mean2, mean3, mean4. In the
Where: edit box, enter:

pvar(meanl, mean2, mean3, mean4)>=90.92

This statement selects only the variances in the means greater than or equal to
90.92 (the variance in the means of the original data). The StatCrunch variance
command pvar( ) operates on rows, rather than columns. Click Compute! (see
figure 12-11).
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Row Statistics x

Select column(s):

donut | |meanl =
Tea mean2

mean3

mean4

Where:
|pvar(mean1, meanz, means3, meandi>=90.92 | Build |
Statistics:
oLnt Count =
SUm
Mean —
Wariance
std. Dev, v
" store output in data table
? | Cancel H Compute! ‘
Figure 12-11: Row Statistics using pvar()
6) The figure below is the result of one simulation.
| %
Row statistics:
Where: pvar{meanl, meanz, mean3, meand)>=20,92
Row | Count Sum Mean Variance | 5td. Dev. Min Median Max
77 4 05 17625102 32402 10.115534 | 161, 16667 | 180.66666 1825
210 4 £80.5 170,125 (99 377329 9.9688178 | 15683222 | 171.66667 | 180.323223
213 4|706,3233332|176.58333 | 20,990745 | 9.528307 162|179.233332 | 10466667
381 41699, 8333417495833 (99.562454 | 9.9780987 | 162, 16667 | 176, 16667 | 18533333
427 4 591 1727510693522 | 10.340949 | 158.332322 | 176.0823324 1805
540 41694, 16667 |173.54167 |122.11806|11.050704 159.5|174.08334 186.5
625 4|1679,2323333|169.823333 | 33.907428 | 9.6905845 159.5|170.08333 | 173.66667
&83 41699, 16666 | 174, 739165 | 395,9883298 | 9.7973669 165 172.91666 | 188.32223
&387 4170316667 | 175 79167 |95 8588329 | 9.7907527 | 16283333 | 178.083234 | 184. 16667
705 4| 70583334 176.45834 | 10050698 | 10025317 | 167.00667 175,25 | 187 . 66667
781 4171050001 177,625 |105,17359 | 10,255418 | le4 66667 | 179.66667 1885

Figure 12-12: Results of Row Statistics

7) Note that 11 instances out of 1000 trials resulted in a variance greater than 90.92.
This corresponds to an estimated p-value of 11/1000 or 0.011. Remember that
resampling procedures are based on random sampling from the data, so your
results may differ from the results found in the text or text supplement.
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NOTE: Sometimes it is the case that the various groups (e.g. Fatl, Fat2, etc. above) have
different sizes. In SC, you would simply specify the appropriate resample sizes in step 2
above. The rest of the procedure is the same.

For example, if the original group sizes were 6, 8, 8 and 10, in step 2 you would enter “6”
for the Sample size of the first Sample columns procedure, “8” for the Sample size of the
second Sample columns procedure, “8” for the Sample size of the third Sample columns
procedure, and “10” for the Sample size of the final Sample columns procedure.

12.5 Two-Way ANOVA
Interaction

Creating an Interaction Plot using Excel

A group of beginning golfers takes 3 lessons during a 3 week period. In between lessons,
the golf students are told to practice on their own. After the third lesson they play a
round of golf (18 holes) and record their scores. The pro then asks them whether they
regularly play another sport that involves hand-eye coordination (basketball, football,
baseball, racquet sport), and divides the scores into "regular participants in other sport”
and “non-participants in other sports”. In addition, the pro divides the student golfers
into 3 levels of practice, based on the time students spent practicing on their own.
Average scores were recorded for each student for the round they played. The average
scores were divided into 6 categories:

- regular participants in other sports, low practice

- regular participants in other sports, medium practice
- regular participants in other sports, high practice

- non participants in other sports, low practice

- non participants in other sports, medium practice

- non participants in other sports, high practice

Instructions

1) Create your table of variables and means. We’ll use the example shown in the
figure below. The data represent the average scores of student golfers on the final
round after a 3 week period of 3 lessons and interim practice time. For example,
the “98” in cell C3 represents the average score of student golfers who regularly
participate in other sports requiring hand-eye coordination and also had minimal
(low) practice time between lessons.
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Al - fx | Average Scores
A B C D E

1 |Average Scor 25 Practice Time

2 Low Medium High
3 Athletic Regular Participant 98 87 85
4 | Participation |Non-participant 101 99 96
5

Figure 12-13: Table of variables and mean scores

2) Select the data cells and their respective labels (see below):

B2 M Jx
1 A | B | ¢ | o | E
Average 5cores Practice Time
Low Medium | High
Athletic Regular Participant 98 87 83
Participation |Mon-participant 101 99 96 !

Figure 12-14: Select data table

3) Select the Insert menu and choose the 2D Line graph ribbon menu. Choose the
upper left 2-D Line chart as shown below:

| 2-D Line

3-D Line

o

| N

] Al Chart Types...

Figure 12-15: 2-D line graph menu (Insert menu)
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4) Excel will automatically create the interaction plot:

A B C D E F G H
Average Scores Practice Time
Low Medium | High
Athletic Regular Participant 98 87 85
Participation |Non-participant l 101 93 96
105
100 T

) 93 \
|- o0 = Regular Participant
: K s Non-participant

BS

80

?5 T T 1
Low Medium High

Figure 12-16: Interaction chart

How can we interpret this plot? It is apparent that practice improves all golfers, but it
yields a bigger and more immediate improvement for those who are skilled in other hand-
eye coordination sports.
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13 Multiple Regression

13.4 Model Assessment and Inference

The resampling model in this chapter is more complex. We’ve provided a downloadable
workbook for Resampling Stats <here>. The workbook has the results of a previous
simulation and will open in the Results worksheet where the output is immediately
available, including the 90% confidence interval in cells E1:H3. Let’s do another
simulation from the beginning.

1) If you haven’t already, download the BostonHousing_ CRIM_RM_RSXL.xls
workbook using the link above.

2) Load Resampling Stats and open the BostonHousing_ CRIM_RM_RSXL.xls
workbook.

3) Select the Data worksheet tab. Select cells A2:C338 and choose Resample (figure

13-1).
El - Jx | 0.05789
LA B C D | E | F G H | J K
1 |CRIM RK MEDV !'_ I _:
2 0.05729 5878 27
3 3.71675 6.471 13.1 Matrix Resample x|
4 824809 7.393 17.8]
5] 03404 5972 203
5 0 96554 g 455 154 Inpuk Range: |$A$2:$C$338 Eﬂ
7 S A - Top Left Cell of Cutput Range $E41 2. _I(:E"-":EI
8 0.1415 6.169 253
9| 544114 6.655 152 Help |
10| 0.05372 6.549 271
11 3.56868 6.437 232
12| 0418158 6376 23.1 " Normal Reesample
13 0.55775 6.335 18.1 * Resample Rows as Units [ Stratified Sample
14 0.01778 7.135 329 -
151 oo7ies 6004 203 " Resample Within Rows
16 0.2959186 5855 211 " Resample Columns as Units [~ Custom Sample Size
17 o.p3zet BN 21.1 " Resample Within Columns
18 434879 6.167 19.9
19 0.17899 L ET 331 " Resample Single Colurnn
20| 508017 6297 16.1
21 88.5762 EE i [~ Resample blank cells in data
22| 740389 5617 17.2
23 1.25179 5.57 136
24 1.6566 5.122 2158 ©12013 statistics. com, LLC  Writken by Stan Blank, PhD
25 1.46336 7.480 50 Conkact us at 703-522-5410 of staks@resample. com
26 0.03502 6.861 285
27| 0.00908 7.088 322

Figure 13-1: Resample Rows as Units
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BostonHousing_CRIM_RM_RSXL.xls

4) Select cell E1 as the Top Left Cell and choose Resample Rows as Units (to keep
the individual housing data together on the same “slip” of paper). Click OK.

5) Select Regression from the Resampling menu. For the Y Range (MEDV) select
cells G1:G337 and for the X Range, select cells E1:F337. The Top Left Cell
should be I11. Since we are bootstrapping, the confidence interval is meaningless
in this context so leave it at the default of 0.95 (figure 13-2). Click OK.

0.13554 3.994 17.4

RSExcel Regression Analysis x|
¥ Range: ey J e @
% Range: $EH1:$F$337 E Cancel |

Top Left Cell of Output Range:  |4141 ‘E Help |

Confidence Level; 0,95

12013 statiskics,com, LLC  Writken by Skan Blank, PhD
Contack us akt 703-522-5410 or sktats@resample.com

I TR0 R U | e

Figure 13-2: Resampling Stats Regression dialog

6) A dialog will ask if you want to overwrite existing data, click OK.

7) The score cells will be the coefficients (in order) in cells J17:J19. Select all 3 of
these cells and click Repeat and Score (figure 13-3).

Note: the coefficients correspond to the independent variables as follows: X
Variable 1 = CRIM and X Variable 2 = RM.
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Adjusted  0.57129 Repeat and Score - 1 Independent Samples il

Standard 626748

Ohservatii 337 Please click or select the cell{s) or range(s) vou want ko score. oK |
ze the Ckrl key to enter non-contiguous cells. ¥ou may also bvpe
in cell or range addresses. Use the comma () to separate
AMNOWVA, individual or non-contiguous cells or ranges. Use the | to separate Cancel |
df 55 sheets,
REQFESSiE 2 1766 Datal$1$17:$1419 J
Residual 334 1311 - Helo |
Total 336 3078 gerations
— I 1000] Murnber of Trials
Coefficientandara
Intercept | -38.1162] 3.32! [ Results
X "u"ar!abl -0 27574) 0.03; & Results Morkshect
¥ Wariablg 9FT5260 052

=

. Frequency Distribution Workshest

™ Both Results and Frequency Distribution Worksheets

Figure 13-3: Coefficients as score cells for Repeat and Score

8) Click OK. When the simulation ends, go to the Results worksheet and view the
90% confidence interval for each of coefficients (figure 13-4).

Formula Bar J K L

Intercept | CRIM | R |
95th % . -21.4?59! 02077 10.02951
fth % -39.376 0 037018 ¥.21378

Figure 13-4: 90% confidence intervals for one experiment

Addendum:

We can also perform a more complex multiple regression using the full Boston Housing
data set. The full data set contains many more independent variables than the CRIM and
RM example we’ve just completed.

The resampling model in this chapter is complex. We’ve provided a downloadable
workbook for Resampling Stats <here>. The workbook has the results of a previous
simulation and will open in the Results worksheet where the output is immediately
available, including the 90% confidence interval in cells I1:P3. Let’s do another
simulation from the beginning.

1) If you haven’t already, download the BostonHousingMain RSXL.xIs workbook.

2) Load Resampling Stats and open the BostonHousingMain_RSXL.xls workbook.
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BostonHousingMain_RSXL.xls

3) Select the Data worksheet tab. Select cells A2:G338 and choose Resample
(figure 13-1).

| A B C D E F G H | 1
CRIM ZN NDUS _ |RM DIS FTRATIO |MEDV \__0.09154)
|| 0.057&9 125 6.07 5.875 6.493 18.9 22 010008
| &7e7s 1] 18.1 6.471 1.7257 202 13.1 &.05579
224800 n 18 4 T 200 T ACTT Y 1T 8 20 3048
| gasos i Matrix Resample X|faer
| ©.0es8s54 345
|| 13.9134 | Input Range: I$,ﬁ,$2:$G$338 Eﬂ 3r2
|| 0.1415 | Cancel 56T
| 544114 | Top Left Cell of Sukput Range $1$1 4. 4| 351
0.05372 S0
B Help |
| 356363 387
| 018159 | N IR | 115
— . ormal Resample  etrasfed Sorme 413
T ¥ Resampls Rows as Uniks rautiec sample
0.01778 O p 337
0.07165 | " Resampls Within Rows a03
(| 0.28318 2 |  Resample Columns as Units [~ cCustom Sample Size 225
_| I——— ' " Resample Within Columns 223
| 434879 ] - e Sinal | 503
| 0.178s9 Resample Single Calumn 394
| S.08017 | | 127
AR QTRY T

Figure 13-5. Resample Rows as Units

4) Select cell 11 as the Top Left Cell and choose Resample Rows as Units (to keep
the individual housing data together on the same “slip” of paper). Click OK.

5) Select Regression from the Resampling menu. For the Y Range (MEDV) select
cells 01:0337 and for the X Range, select cells 11:N337. The Top Left Cell
should be Q1. Since we are bootstrapping, the confidence interval is meaningless
in this context so leave it at the default of 0.95 (figure 13-2). Click OK.
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R5Excel Regression Analysis

$0$1:$04337
$141:4ME337

Y Range:

\—Ili

# Range: Zancel

Top Left Cell of Qutput Range: Help |

Confidence Lewvel:

E2012 skatistics,.com, LLC  Writken by Skan Blank, PhD
Contack us akt 703-522-5410 or stats@resample, com

Figure 13-6: Resampling Stats Regression dialog

6) A dialog will ask if you want to overwrite existing data, click OK.

7) The score cells will be the coefficients (in order) in cells R17:R23. Select all 7 of
these cells and click Repeat and Score (figure 13-3).

Note: the coefficients correspond to the independent variables as follows:
CRIM-X Variable 1, ZN-X Variable 2, INDUS-X Variable 3, RM-X Variable 4,
DIS-X Variable 5, and PTRATIO-X Variable 6.

N Na167 Il 435 5 AGA A 0138 18 A 172 Adjusted K U.5T544
Repeat and Score - 1 Independent Samples ﬂ Standard Erro 6.77518
Plzase click ar select the cell{s) or range(s) wou want ko scare. Ok | Obsenations 337
se the Ctrl key ko enter non-contiguous cells, ou may also bype
in cell or range addresses, Use the comma ([, ko separate AMNOV A,
individual or non-contiguous cells or ranges. Use the [ ko separate Cancel | T
sheets, _
Regression G
Datal$R$17:$R423 J Help | Residual 330
= Total 336
— Iterations
I 1000 Murnber of Trials Coefficientar
Intercept b 16.533
— Results . h
K Variable 1 {/-0.21783
(% Results orkshest X Variable 2 | 0.08676
. h
e Frequency Distribution Waork sheet X VEI’!EHE 3 : -0.30044
X Variable 4 b 4 99354,
{™ Both Results and Frequency Distribution Worksheets ¥ Variahle 5 : -1.47525
X Variable 6 ) -0.8908
oisplay ——m—7—1 —# i 00— 00— 00— | —m==aa==a
[T nizahle Seraen | indatina (Fackar Fyvar bnnt |

Figure 13-7: Coefficients as score cells for Repeat and Score

8) Click OK. When the simulation ends, go to the Results worksheet and view the
90% confidence interval for each of coefficients (figure 13-4).
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I J K L 1] M o 5

lintercept _|crm |zn lmpus  |Rm lois lpTRATIO |
95th % 14 66942 -014912 0073744 -016217 8242969 -0.39397 -0.60162
5th % -6.00243 -0.28043 001098 -0.38563 5340343 -1.3436 -1.18125

Figure 13-8: 90% confidence intervals for one experiment
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