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Abstract

The first criterion for deciding upon a data set is that it
illustrates a specific technique or concept. Two other
common criteria are whether it will be interesting to
students and if it comes from the "real world". But many
other criteria should be considered when one selects the
data sets for a first course in order to prepare students for
their future statistical work. With today’s software there
should be data sets that include alphanumeric qualitative
(categorical) variables as well as numeric qualitative
variables. In addition to cross-sectional data sets, there
should be time-series data sets. Some data sets should
illustrate stacked data, while others should illustrate
unstacked data. There should be data sets that are much
larger than the typical sets included with most textbooks.
And, some data sets should include missing data (which is
rarely presented in textbooks but always seen in practice)
and possibly include data that must be cleansed (which is
80% of the work of many statistical projects). This session
will present examples of data sets that illustrate each of
these and other criteria. Members of the audience will be
asked to put forward their favorite data sets and to explain
why they decided to use them.

Three Common Criteria
1. Ability to Illustrate
Specific Technique
(Method) or Concept
2. Of Interest to Students

3. “Real-World”




qustration Of a Concept QTM1310 Fall Semester, 2002

Preferences for Course Data

Humans
are Please check the three data types you would like to analy
awful random number generators! in Probability and Statistics this semester.
Results for: Randomintegers.MTW — Airline Industry (C.g., arrival dclays)
I3 > info __ Automotive Industry (e.g., mileage for sports cars)
Information on the Worksheet __ Babson (e.g., demographics of current students)
__ Education Industry (e.g., tuition)
Golumn  Count Misming Name __ Financial Industry (e.g., stock prices)
e n 1 URandon __ Food Industry (e.g., pizza sales)
e 2 o ORandomt __ Health (e.g., nutritional statistics)

__ International Business (e.g., country statistics)

__ Marketing (e.g., effectiveness of advertisements)
___Motion Picture Industry (e.g., ratings of recent films)
__Recording Industry (e.g., number of CDs sold)

__ Sports Industry (e.g., salaries of professional athletes)
__ Other (Please specific below.)

Grads

o Jiasees pasee

A Wonderful Singer, J. and Willet, J. (1990),

o “Improving the Teaching of
Artificial Data Set Statistics: Putting the Data Back intc

Data Analysis,"
Current worksheet: FAMTW . e e e
o The American Statistician,
Information on the Worksheet 44(3), 223 -230 .

Column Count Name

& o Seven Desired Characteristics
g§ 11 Y2

cq 11 Y3

cs 11 X4 . .

cs nov 1. Authenticity

MTB > Print 'X'-'Y4‘,

Data Display .
2. Background Information
Row X Y1 Y2 Y3 Xq Y4
. . .46 8 6.58
> 5 & ans e @ s 3. Interest and Relevance
3 13 7.58 8.74 12.74 8 7.71
4 9 8.81 8.77 7.11 L] 8.84
5 11 8.33 9.26 7.81 a 8.47
6 14 9.96  8.10 8.84 8 7.04 R .
Do lEosmoew b e 4. Substantive Learning
k) 12 10.84 $.13 8.15 8 5.56
10 7 4.82 7.26 6.42 8 7.91
11 5 5.68 4.74 5.73 8 6.89

5. Availability of Multiple Analyses
6. The Importance of Raw Data

7. Case Identifiers



Raw and Summarized Data
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Other Possible Criteria

Raw and Summanzed Data
Alphabetic and Numerically Coded
Cualitative (Categoncal) Data

3. Cross-Sectional and Time Series Data
4, Daie Data

5. Stacked and Unstacked Data

6. Paired Dala
7
B
9

|

. Size of Data Set

. Missing Data

. Dirty Data

0, Non-Significant Test Data

Cross-Sectional and
Time Senes Data

Most texibook data are cross-sectional
bt most data seen by consumers are
fime series,
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Date Data

Results for: USAArrivals. MTW
MTB > info

Information on the Worksheet

Column  Count Name

TC 155 Carrier
D c2 155 Date
c 155  FlightNum
T C4 155 Origin
DCs 155 Scharrival
D C6 155 ActArrival
c7 155 SchElapeed
cs 155 ActElapsed
e 155 ArrvlDelay

MTB > Print ‘Carrier’-'ActArrival’.

Data Display

Row Carrier Date FlightNMum Origin SchArrival
1 us 11/26/2000 76 PIT
2 Us  11/26/2000 98 PIT
3 US  11/26/2000 140 PHL
4 US  11/26/2000 142 PHL
5 US  11/26/2000 217 cLT
€ Us  11/26/2000 225 BUF
7 Us  11/26/2000 314 PHL
a us 11/26/2000 392 ROC
3 US 11/26/2000 478 PHL
10 us  11/26/2000 502 PHL
11 Us  11/26/2000 512 cLT
12 Us  11/26/2000 515 PHL
13 Us  11/26/2000 s82 PHL
14 us 11/26/2000 720 cLT
15 Us 11/26/2000 728 BWI

Paired Data

Resuits for: DrugMarkup.MTW
MTB > info

Information on the Worksheet

Column  Count Name
c1 10

T Location
c2 10 Prozak
€ 10 PGeneric
c4 10 Xanax
cs 10 XGeneric

MTB > Print ‘Location'-'XGeneric'.

Data Display

Row Location Prozak PGeneric Xanax XGeneric
i Wholesale 77.82 4.83  31.98 0.93
2 Chainl 111.00 25.29  52.49 12.29
3 98.00 71.59  47.09 10.00
4 103.00 81.00  51.59 10.00
5 Warehouse 85.00 9.63  37.06 7.11
§ Internet 86.00 46.00  33.76 7.99
7 91.51 75.80  47.68 10.70
] 100.69 78.00  46.00 16.69
9 102.95 92.95 50.56 19.75
10 101.00 75.49  48.99 11.79

ActArrival

125
140
100
:30

Stacked and Unstacked Data

It is more efficient
to store stacked data
but often easier

to explain a method with unstacked data.

Results for: Murders.MTW

MTB > info

Information on the Worksheet

Column
T

T
T

c2
c3
cs

Count
H

s0
s0
s0

Name
State
MurderRate
DPStatus
Region

Results for: Murderu.MTW

MTB > info

Information on the Worksheet

e L)

Count
9

9

9
12
12
12
16
16
16
13
13
13

Wstatus

Size of Data Set

The future is now!

.
2w e 3y M

. .
30 540 720 900 1080 1260
Maximum Number of Obsarvations in a Book's Data Sets




Missing Data

Such data do not exist in texts
but always occur in practice.

Results for: UGradSurvey.MTW
uIB > info
Information on the Worksheet

Column  Count Missing Name
24 °

T CL Gender
T C2 24 2 HsGrade
<3 24 o IYear
cs 24 4 ITimen
cs 24 4 IMinutes

cs 24 o i
c7 24 o M

cs 24 o Songe
cs 24 o Chats
c1o 24 0 Photos
c1u 24 o Other

MTB > Print 'Gender'-'IMinutes’.

1

Data Display
Row Gender HSGrade IYear ITimes
1 Pemale A 1997
2 Male A- 1996
3 Male B+ 1994
o Male B+ 1996
5 Female B 1994
€ Male A- 1995
7 Female  A- 1996
8 Female B+ 1996
9 Male A- 1996
10 Ferale B+ 1997
11 Male 1996
12 FPemale B+ 1997
13 pemale 1993
14 Pemale  Be 1996
15 Male B 1995
16 Male Be 1998
17 Female B 2000
18 Male A 1997
19 Male B+ 1996
20 Male A 1993
21 Male B 1995
22 Male Be/R 1995
21 Male A 1992
24 Female LY 1997

Non-Significant Test Data

Another Example of Publication Bias?

BNNLANG ¢OHR s NARUIN WO R ¢

IMinutes
180.0

120.
§0.

I3
)
60.0
5.0
210.0
70.0
540.0
210.0
0

o

o

Dirty Data

Ryan, Joiner, and Ryan’s Classic

Results for: Restrnt.MTW
MTB > info

information on the Worksheet

c1 0
c2 279 1 Outlook
c3 279 25 sales

c4 279 55 Newcap
cs 279 39 Value

c6 279 42 CoetGood
c? 279 44 Wages

cs 279 44 Ads

] 279 12 TypeFood
cio 279 11 seats
c11 279 10 Owner
c12 279 14 FT.Emp)
c13 279 13 PT.Smpl
c14 279 16 Size

Recent Discovery

Resuits for: TBill2.MTW
WIB > info
Information on the Worksheet

Column  Count Name
c 104 High
c2 104 Low
=) 104 Close

MTB > Print ‘High'-'Close’.

Data Display

Row  High Low Close
1 1.873  1.7%0 1.816
2 1.862 1.738 1.795
3 1.821  1.646 1.826
4 1.935  1.697 1.816
5 2,111 1.728 1.743
& 2.041  1.966  2.043

Selecting
Multi-Criteria Data Sets
Disadvantages @
o Still Another Item to Cover
e Too Much for the Student

e Collection Time for the Instructor

Advantages ©

e Better Preparation for Future
Statistical Work!
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Abstract

In recent years Microsoft Excel’s statistical functions and Analysis
ToolPak have been increasingly used in the introductory applied
statistics course. Yet, the American Statistical Association has
recommended that it is "not sufficient for the teaching of statistics, let
alone for research and consulting". This session will present an up-to-
date overview of why one should or should not use this spreadsheet
for K-16 applied statistics courses. It will expand upon the session at
2001 Joint Statistical Meetings on the use of Microsoft Excel for
statistical analyses, organized by Jon Cryer and the speaker. At that
session two of the speakers presented a large number of concerns
about using this popular spreadsheet package in either the classroom
or the workplace. Some of these concerns were computational; others
were related to documentation and ease of use. Many users of Excel
are often unaware of some of these concerns. Another panel member
who is employed by Microsoft acknowledged that there were serious
problems with its use for statistics. He hoped that the most severe
problems would be eliminated in future, but not immediate, releases.
This session will identify the strengths and weaknesses in using Excel
for each component of the first course: descriptive statistics (graphical
displays and summary measures), elementary probability, introductory
inferential statistics, and common statistical analyses such as
regression. It will also present alternatives to using this spreadsheet in
the classroom, such as Excel add-ins, Internet freeware, and student
versions of statistical software. The session is planned so that there
will be ample opportunity for audience participation.

Excel’s Statistical
Capabilities
Functions
Data Analysis Toolpak
Chart Wizard

Pivot Tables



Quiz

Indicate whether the following statements are true or false.

2.

3.

A data set cannot have more than one modal value.

In regression a normal probability plot is a scatter plot with y on the
vertical axis and sample percentile on the horizontal axis.

Tied ranks are usually handled by assigning the lower rank
to each of the observations.

Short-cut formulas are the best to use to calculate statistics.
The maximum of a set of missing data is 0.

Grey Matter International developed Excel’s Analysis ToolPak.
A histogram is equivalent to a bar chart.

In practice one-sample mean problems are usually handled with the
2 distribution.

ANOVA tests the hypothesis that means from two or more samples are equal.

In linear regression it is possible to obtain a negative R”.

Strengths

Core Routines
Spreadsheet Features
Familiarity

Cost

American
Statistical Association
Recommendation

Efficient computing tools are essential
for statistical research, consulting, and
teaching. Generic packages such as
Excel are not sufficient even for the
teaching of statistics, let alone for
research and consulting.

Weaknesses

Lack of Routines

Terrible Graphics

Computational Errors

Faulty Documentation

Poor Choice of Defaults

Not User-Friendly




Missing Data

Specific Concerns

In szazistical calewlations in comirast 1o mamencal

calculations, @ blank cell soenetimes B=hoves 2z a zem

and sometinees 25 & missing value, The celis {1, blank

Descriptive Statistics
i Displays and Summary Measures)

cedl, 2) vield & suen of 3, an avernge af 1.5, anda

stafidard deviation af 07070, while the cells {1, @, 2)

yield o sum of 3, en sverage of |, and a sandard

Elementary Probability

deviation of 1.

Introductory Inference

Common Analyses

1-Square Test)

(Linear Regression, Chi

Histogram

Excel himogram chart (bar chan):

Histogram

M} standardized values for data:
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Pie Chart

A survey yields of 20 responses with both rumenical
codes arl textual phrases,

Pyramid Charts

Excel 100% Stacked Column
with & Pyramid Ehape Graph

W etk
0 Sl

Pie Chart

Fie Chart for the Textual Daia

There &re ni waming mMeEsRpes.

Fie Chart for Mamerical Codes
i

The rew data were nol converied min sammary data,
This is undocumenied.

Default XY (Scatter)
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Bivarinte Standardized
Normal Distribution

Minkiab 30 Represendation of Bivariale

Ejandardized Mormal stributlon

Display of Digits

For example, consider the outpul from a regression
invalying the eaplenatory indegers (1.2, 3, 4, 5, &, and
71 ared correaponding response miegers (18, 17, 22, 22,
24, 27, and 27), then Exeel repanis the Smndard Errar, 1
sintistic (1 Smath, Povalue, and cther vakues wiih an

accuracy of nine &giis,

Fartial Excel [ma Analysis ToolPok Regression Outpead

Presenting & False Sense of Accurscy

Stamdlard Error 1 Siat Pevalne
1 0606SE03T 14, 46442085 2. B49TTEADS
023051854 7537171166 0. H0T3T71T

Bivariate Standardized
Mormal Distribution

Excel 3D Representation of Bivarisle Standardized
Mormal Distribuition

1D Surface Plol
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Variability of Data

When large constants are added 1o the nine integers (1,
2.3,4,5,6,7, 8, 9] the variance and standard devintion
charpe for lange comstants. Adding S0000000 yields

un-lmm-n-uu-l

T mearn, siandard devianon, and variance:

Fiamn £ Faen
LTMEIITEE  Desistion 7 AFRATT
E-ﬂ- Samps
fartia T8 __Vasanoo
There ure oo waming mEssages.

Permutations and Combinations

Find the number of ways one can choose 20 abjecis
fram 120 when order is important snd when order is nod
impockant.

The correct answer for the number of permutatians is
faursd im siatiszsical functions, The number of
combimations |5 ealy found in Math & Trg fanetions.

The eutput froem the permatation funetian:

Quartiles

Find tbe upper and lawer quartiles far a simple setof |
numbers, Excel gives Q1 = 35 and Q3 = 85

[Pasition Value I
| 10
2 2
3 M
4 40
5 50
6 &0
7 70
B ]
g ]
0 100
11 110

A more conventional algorithm produces

Q1 is &t position = | *(n+1)M4 = 3, Thus 1 = 30.
Q3 ig 21 position = 3%(n+1)14 =9, Thus Q1 =90

Probability Distributions

“TDIST s calculaied as TDIST = pf x<X ), where X |
a randam variable that follows the Ldistribution,”

“MORMSDIST ... Returns the standard normal
curmilative disirbution function. The distrhution has o
mean of §f (zero) and a sendard deviation of ene. Use
this function in place of & table of siandard noemal

curve areas,”



Confidence “Interval”

Excel Output Producing Different Results
for Same Statistical Function

IConfidence Interval
IFunction

Annotated CONFIDENCE Function Output

6.147563548

Data Analysis ToolPak Output

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

IRange

Minimum
Maximum

Sum

ICount

Confidence Level(95.0%)

33
3.136573806
31

#N/A
12.14789811
147.5714286
-1.013153254
0.440527085,
39
17
56
495
15
6.727287728

Paired t-test

A Data set has two missing values.

There are three ways to do the paired t-test:
(1) include the blank, missing cells in his analysis;
(2) eliminate blank cells by shifting the data up in each

column and;

(3) eliminate the students with incomplete data.

Results when blank cells are included

t-Test: Paired Two Sample for Means

Exam1 Exam2
Mean 85.25806452 88.25806452
Variance 27.06451613  57.5311828
Observations 31 31
Pearson Correlation 0.405885548
Hypothesized Mean Difference 0
df 30
t Stat -0.537530947
P(T<=t) one-tail 0.297433071
t Critical one-tail 1.697260359
P(T<=t) two-tail 0.594866141
t Critical two-tail 2.042270353

Two Independent Sample t Test

From Excel Help Here is Excel Help on the t-Test:
Two-Sample Assuming Equal Variances Analyses.’

This analysis tool performs a two-sample Student’s t-
test. This t-test form assumes that the means of both
data sets are equal; it is referred to as a homoscedastic
test. You can use t-tests to determine whether two
sample means are equal.

Paired t-test

Results when the cells are shifted up:

t-Test: Paired Two Sample for Means
Examt
Mean 8525806452 88.25806452
Variance 27.06451613  57.5311828
Observations
Pearson Corelation 0.105538949
Hypothesized Mean Difference 0
df 30
t Stat ~1.912646539
P(T<=t) one-tail 0.032691167
t Critical one-tail 1.697260359
P(T<=t) two-tail 0.065382334
t Critical two-tail 2.042270353

Results when using only complete data

t-Test: Paired Two Sample for
Means
Exam1 Exam2

Mean 85.48275862 88.5862069

56.8940886
Variance 27.04433498 7
Observations 29 29
Pearson Correlation 0.405885548
Hypothesized Mean Difference 4]
Df 28
t Stat 2315480216
P(T<=t) one-tail 0.014065863
t Critical one-tait 1701130259
P(T<=t) two-tail 0.028131727
1 Critical two-tail 2.048409442

This last analysis gives the correct results.




Coefficient of Determination Multiple Regression
Compuse (e value of the coefllcient of determmination

(R-squared) fof e Tollowing s of responss i Excel Emor Messege for Nescent| gusss Dals
explunaiory variables, that is due o Enkin (1598):
Response and Explapatory Values | i )
Microsoll Excel
i FOTO0000, 1 Regresshon - LIMESTI) Funchion returng error,
19 100000002 Plaase check rpuk rarges again,
1.1 TO000060.3 & Halp
£ 100000004 e
44 1 OO0CHI00, 5 E
.l 1 CODC000.6 et

Excel's RS0 fimclion yields 2092810987
Excel’s Regression Analysis Tool yields -0.216484 141,
Walues musi be between Dand 1.

The comect answer is 0.5997,

Unreliable Algorithms

tariial Excel Tata Analysis ToolPak
Chetpus for Collinzar Data

Regression Soatiniics -

AMulipe R 65515
R Square AL 460GIERT4
Adjusied B Square -1.6519TE-09
Sandard Error 0, 000143846
Ofbgervations 9




Rank Correlation Coefficient

Compute the value of the rank correlation coefficient
for

Test 1 Test2
93 18.0
83 15.0
90 2.0
60 5.0
25 7.5
50 20.0
94 23.0
99 16.0
62 9.0
97 4.0
43 11.5
95 18.0
84 21.0
79 14.0
62 24.0
100 7.5
83 11.5
85 1.5
52 11.5
100 6.0
100 220
25 Lo
84 3.0
41 18.0

Excel yields 0.075593; the correct answer is 0.101.

Excel handles ranks as standings are reported in the
world of sport. For example, if two teams are tied for
second each receives a rank of 2.

Alternatives

Excel add-ins

Internet freeware

Student versions of statistical software

Past and Future Fixes

Positive SS in Two-Way ANOVA

Improved Random Number Generation

Correlation(X,X)=1

Corrected Covariance Formula

And

Revised Functions
in Excel 2003

At a Minimum Cautions

USING MICROSOFT EXCEL FOR STATISTICS

As some researchers have note (see reference 7), certain
Microsoft Excel statistical capabilities contain flaws that
can lead to invalid results, especially when data sets that
are very large or that have unusual statistical properties
are used. In this text, such flawed capabilities are either
avoided or used with data that have been carefully
chosen to minimize or eliminate the flaw. If you use
Microsoft Excel (and the PHStat2 add-in) with any of
the data sets of this text, you will always be able to draw
the correct conclusion from the results produced by
Microsoft Excel.

Because such an outcome cannot be guaranteed when
using actual business data sets, the use of Microsoft
Excel in this text does not constitute an endorsement by
the authors of Excel’s use in lieu of statistical packages
in actual business settings. However, Microsoft Excel
(with PHStat2) can be a convenient tool for becoming
knowledgeable about statistics, even if you are required
to use some other program at a later time.

Berenson, Levine, and Krehbiel (2004)







