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Review of DATA ANALYSIS

This course booklet and software (for IBM PC
or compatible machine with 512K) was written by
the Department of Mathematics and Computer Sci-
ence at the North Carolina School of Science and
Mathematics in 1987. It is available from the Na-
tional Council of Teachers of Mathematics, 1906
Association Dr., Reston, VA 22091, for $10. ISBN
0-87353-258-9.

The primary goal of Dala Analysis “is to pro-
vide students with an applications-oriented, inves-
tigative mathematics course in which students are
provided keys to understanding the technological
world in which they live.” This courseware and its
accompanying software succeed admirably in lay-
ing the foundations for accomplishing this goal.

Three chapters provide the beginning data anal-
ysis student with clear concepts and techniques re-
lating to the organization of numerical informa-
tion. The first of these deals with data of a single
variable and includes standard descriptive statistics
and graphical representations of data. Exploratory
data analysis methods such as stem-and-leaf and
box-and-whisker plots as well as the standard scat-
ter grams are employed to display data.

The second and third chapters help the student
learn to analyze and represent data given as sets
of ordered pairs. Creating appropriate graphical
models through linearization techniques and test-
ing of “fit” using residuals are the main thrusts in
these sections. Fitting 2 line to data is approached
through both the median-median and least squares
methods. The strengths and weaknesses of each is
investigated.

Although the material is intended for use pri-
marily in grades 11-14, it is presented in a manner
which makes it readily accessible to younger stu-
dents. For students with a good foundation in alge-
bra, the first and second chapters should be readily
accessible. Knowledge of logarithmic, exponential
and power functions is needed for chapter three.

All data sets are take from real applications,
are well chosen and are interesting. Exercise sets
check not only for knowledge level comprehension,

but also for deeper understanding of relationships
among topics.

_ “Discuss the following statement:
Three-fourths of the students in this class
areé above the class average.” (page 12)

“According to the princip'le-.'bf.'_:]'eé's'
squares, can the sum of squared residi

als be zero? If so, what would that mean _ e

about the fit? (page 75) '

The chance of students being overwhelmed by
the concepts in the text is minimized by the clear, - -

intuitive explanations and the inclusion of interest-
ing historical references.

The answers to all classroom practice, regu-
lar, and supplemental exercise sets are included as
chapter 4.

The last chapter of the booklet is a users’ guide
for the software. It is complete and easy to fol-
low. The program included provides computer
support for all activities in the text. Applying a
least squares fit to re-expressed data can be ac-
complished directly from the menu. To apply the
median-median fit, data must first be re-expressed
through a different screen. In general, the menus
are clear. It is necessary to recycle through several
screens in order to change options.

Two hints:

1) As the users’ guide states, it is necessary to
remove the Analysis disk and insert a data disk to
store data since the program has no way to address
a second drive.

2) The “shift” and “printscreen” keys can be de-
pressed together to print what is on the screen. De-
pending on your printer, however, graphics screens
may not print. On some Disk Operating Systems
(DOS) typing “graphics” at the prompt before typ-
ing “analysis” (which calls up the program) will
make it possible to print the graphics as well as
the text screens.

— - Sue Eddins

Review of BASIC STATISTICS

Basic Statistics, Tales of Distributions (4th ed.)
by Chris Spatz and James O. Johnston,

Brooks/Cole Publishing Co., 1989.

The authors of this text have written in a
“chatty” style designed to put their readers at ease.
Many anecdotes, both historical and humorous,
have been included. The authors’ intent is to make
the content more human and less intimidating. At
first, this style was appealing. As I continued to
read through the book, I found it getting old; what
might be a good anecdote when told personally did
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might be a good anecdote when told personally did
not always come across well on the written page. I
was also difficult to skim a passage for the “meat,”
even with the assistance of bold-face or italic type.

Major topies in the book are the standard topics
found in most introductory statistics books ~ orga-
nization of data, graphic presentations, central ten-
dency, dispersion, correlation and regression, nor-
mal and sampling distributions, hypothesis testing,
t-tests, analysis of variance, and a chapter each on
chi-square distributions and nonparametric statis-
tics. More attention is given to ANOVA, including
factorial design, than is found in many introdue-
tory statistics books. Some important content is
noticeably absent or given minimal attention. Bi-
nomial distributions receive only two pages; how
to determine an appropriate sample size to reduce
error to a desired margin is not discussed at all. In
addition, modern techniques of data analysis such
as box-and-whisker plots, stem and leaf analyses,
and median line of fit were nowhere to be found.

Technology plays a very minor role in the text.
Calculator usage is referred to occasionally in foot-
notes. There is no mention at all of the value of
spreadsheets or the use of comimercial statistical
packages. Emphasis is on “grinding it all out by
hand.”

Throughout the book, illustrations are plentiful.
This is especially true of distributions, the unifying
theme of the book. Often, however, truly impor-
tant content that should stand out in some way
(formulas, examples of problems) is embedded in
the narrative in such a way that it is hard to fol-

low. (An example of this, involving 7-scores, is on
page 108.)

The explanation of some important topics leaves
much to be desired. The introduction of z-scores is
done very casually before the normal curve, which
does not seem logical to me. They are discussed
again later, but few problems are given for prac-
tice. Hlustrations included with discussion of con-
fidence intervals seem inadequate to represent the
concept or help students understand it. Steps for
hypothesis testing are given, but the reader is not
given illustrations of how these steps would look in
an actual test,

There are some good pedagogical aids. The how
to study tips, early in the book, and the objectives
for each chapter are helpful. Problem sets, how-
ever, seem inadequate to give students the practice
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" they need to become adept at, using and interpret-

ing data. Overa}II did n :ﬁ'i_'ﬁf:ld'..'the book easy to
read or .e_a.s'y_'_tdfo_llow.:;'3“- Fomi
A R At & Beverly Nichols

QUEUE : "iﬁ_ﬁéllédﬁl‘al{'Software
Avaiiablé' from Queue, 33$.__.(_.39_r'!._1mérce Dr., Fair-
field, CT 06430 : R -

Descriptive Statistics: - This three-disk package
is designed to supplement an-introductory statis-
tics course. On each of the first two disks there is
a menn allowing the user to start a tutorial, take a
10-question multiple choice test; or exit; the third
disk is a statistics laboratory. One tutorial disk
presents the measures of central tendency and the
other covers measures of variability. The format
of the tutorial consists of a page of text, usually
a definition or rule, followed by a multiple~-choice
item; the user is not allowed to continue to the next
page until the item is answered correctly. There is
an opportunity to review previous pages, view the
Glossary or return to the menu throughout the tu-
torial. The number correct out of the total number
of test questions answered is displayed while taking
a test and it is possible to exit a test and start a new
test or return to the menu at any point during the
test. The statistics laboratory disk allows input of
a maximum of 20 three-digit positive integers and
will then display statistics and a histogram for the
data.

The tutorials move very slowly and use the
“cookbook” approach. There is too much text on
many of the pages aid each question can ustially
be answered easily after reading ounly the previous
page thus encouraging memorization without un-
derstanding. There is feedback after the selection
of each answer but there may not be sufficient time
allowed to read it when a question is answered cor-
rectly. Several of the questions from the tutorial
are included in the 10-question multiple-choice test
and again in any retest the student may take. The
statistics laboratory disk is easy to use but is very
limited in its application. Graphing capabilities
for the histogram and statistics would enhance this
package. This program would not add anything to
a regular classroom presentation.

- — Mary Hebert
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USING SPREADSHEETS TO
ADVANTAGE IN
INTRODUCTORY PROBABILITY

.Pro'babi}it;y and statistics are worthy of study in

_the middle grades, but are given minimal attention.
There are reasons, of course. The topics are often
.at the end of the text. ‘Teacher training has been
. weak.in those areas, so instructors do not rush to

get to those topics, favoring instead to drill on the
arithmetic algorithms with which they are familiar.

“Those who do venture into experiments of chance
_are limited by the inadequate prerequisite math-

ematics skills of their students, disallowing much

~a priori study, and problems with collecting accu-

rate and sufficient data to draw good after-the-fact

. conclusions.

This article focuses on the last problem and sug-

. gests one way to facilitate the study of probability
- and statistics in the middle grades—with the use of
~-a computerized spreadsheet which offers a random
~number function as an option.!

“We w1ll begm this discussion at a point where it

‘is assumed: the students-6th graders in our case—
“havé ‘a good ‘working knowledge of the spread-
_sheét’s mechanics in general, and the random num-
: be’r' f&incﬁon's’peciﬁcal]y

The usual first study involves the flipping of a

-'com Let.s move-immediately to the flipping of
‘two coins and ‘the relative frequencies of the HH,
_TT and mixed cases. Asking 6th graders how many
- times out of 300 trials you might expect both heads,
" both: tails or one of each often elicits the response,
4100 each.”

At this point we can test that theory by breaking

'-the class into pairs of students and having them flip

two coins 300 times. Coins roll away, record keepers
lose interest, and time escapes fast. There may or

- may not be opportumty for proper analysis of the
) results

o1 We use Better Working Spreadsheet from Spin-
~-naker Software on Apple Ile’s and Iigs’s. The pro-
. gram is inexpensive and easy to use for young stu-

dents. The program’s RND function is Applesoft
BASIC’s random number function. While it does
not meet the purist’s approval, it is at least as valid

“as having students flip imperfect coins and roll im-

perfect dice imperfectly.
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The following spreadsheet can either be created
as a class project, or can be provided by the in-
structor. We choose to create it together as an
early probability exercise.

A D TWCO COINS
?
A TWO COINS
g 1 = HEADS, 0 = TAILS
g COIN 1--> Q
g COIN 2-~> G
? # TRIALS> 24
J H 8 H---> S
K T & T-=-> T
L # MIXED-> 12
M
N
0
P
aQ
R
?
0 1 e 3

Spreadsheets allow three kinds of entries in which
to present information—labels, values and functions.
In the TWO COINS example, everything on row
A, row C and in column 1 is a label. Labels are
words which document the data. Values are typi-
cally, but not always, numbers supplied by the user
from the keyboard. In this example there are no
values. Functions call for the mathematical opera-
tions which make a spreadshect the powerful tool
that it is.

All the functions here are found in column 2.
The responsibility of cells E2 and F2 is io generate
heads or tails. The function INT{(2*RND(1)) found
there does the job, RND(1) producing a random
decimal between 0 and 1, the factor of 2 doubling
that range and INT, the greatest integer function,
yielding a 0 (which is arbitrarily interpreted as a
tail) or a 1 {a head).

The function H2+41 keeps track of the number of
tosses by having cell H2 add one to itself each time
the sheet is recalculated. Conditionals monitor the
occurrence of two heads or two tails. In cell J2 is
the function IF(E2 = 1 AND F2 = 1, J2+1, J2).
Interpret this as “IF E2 contains a 1 ( a head) and
at the same time F2 contains a 1 (a head), then
add 1 to the J2 counter, otherwise leave J2 alone.”
Cell K2 contains a similar function, but of course
checks for 0’s in E2 and F2,

Finally, the number of mixed results can be cal-
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culated by subtracting the pure heads and pure
tails from the number of trials. Hence, L2 contains
H2-(J2+K2).

if each of 15 computers in a lab now calculates
the sheet, say 200 times, we have 3,000 trials in a
couple of minutes. It is soon observed by our young
students that the mixed tosses accumulate at a rate
about twice either the pure heads or pure tails.

At this point, the spreadsheet has done its job.
Much data has been accumulated conveniently;
now it is up to the teacher and the students to
bring an explanation to the data. (The impor-
tance of some experimentation with real coins if
you are working with younger children must be em-
phasized. Sixth graders need the reality base from
which to interpret the abstractions of the spread-
sheet results.)

Moving on, flipping eight coins at once and de-
termining theoretical probabilities of exactly one
head, exactly two heads, at least five heads, ete.,
are unreasonable expectations for young students.
The physical experimentation is cumbersome, and
the necessary mathematical understandings are not
in place. But, despite those obvions drawbacks the
use of a spreadsheet in this case promotes at least a
strong awareness of the dynamics of the coins and
promotes observation skills and discussion. Estab-
lishing formal probabilities can wait until a later
time.

Here is the sheet that performs that binomial
experiment:

" Ko BIN.B.COINS

K ist coln: 1

L 2nd coln: i}

M 3rd coln: 1

N 4th coln;: 1

Q 5th coln: 1

P 6th coln: 1

Q 7th coln: 1

g 8th coln: 8]

T Cumulative totals:

) 8H, O0T:---> 0
\ TH, 1T:i=-=> 4
w 6H, 2T:~~-> 6
X SH, 3T:---> 11
b 4H, 4T:---> i8
2 3H, 5T:---> 18
AA 2H, 6T:-~-> 7
AB iH, 7T:---> 1
AC OH, BT:~-—> ¢
AD

4] i 2 3
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The eight coins are being tossed as described
above. The function in cell U3 is testing the sum
of K2 through R2: (IF SUM(K2.R2) = 8, U3+1,
U3). Cells below U3 test for sums of 7, 6 and so
forth.

While 6th graders will never discuss the results in
terms of binomial distributions and combinations,
they most definitely can see trends, question those
trends and answer to their own satisfaction why,
for instance, four heads and four tatls are so much
more likely than all eight heads.

Ask 6th graders how likely it is that in a group of
ten people there is at least one birthday match and
you will get responses of all sorts! Here again, the
mathematics needed to deal rigorously with that
problem is not available. Also here again though,
the spreadsheet can bring a topic from a secondary
level down to theirs and provide them a feeling for
the likelihoods. Good quality informal discussions
of the data are of the utmost value here.

A BIRTHDAY PROBLEM

A
B __________________
C Ten (10> “random’ people enter a
D room. What {s the grobabllity of at
% least two matchlng birthdays?
G Match w/ Total
E}‘I Person # Blrthday below? triais

———————————————————————— 45
J b 272 1]
K 2 286 0 Total
L 3 104 1  succesas
M 4 38 0
N 5 147 Q
0 6 346 g Prob’ty
P 7 104 0 of
a 8 288 Q0 success
I 9 184 0.09655172
% 10 156 <BLANK>

1 2 3 4

In this example we skip the leap year case, ad-
mitting the oversimplification. Column 2 gener-
ates random numbers 1 through 365 for cach of
our ten people. Column 3, in each case, asks
whether the birthday to the left matches one or
more of those below. Cell J3, as an example, con-
tains IF(J2=K2 OR J2=L2 OR J2=M2 ORJ2:=N2
OR J2=02 OR J2=P2 OR J2=Q2 OR J2=R2 OR
J2=52, J3+1,33). Cell R3, of course, would con-
tain a briefer function: IF{R2=52,R3+1,R3).
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Writing this spreadsheet is not required for our
6th graders. It is provided to them. A classroom
discussion of how it was built, however, is very use-
ful and gives the students a feeling for its validity
and the relatively low probability revealed.

One last example, onte which treats a derivation
of pi, is appropriate several grades later and may
be of interest to the reader as a little more off-beat.

Imagine a square dart board, {wo units on a side,
and a unit circle inscribed in it. You throw darts
at this board and it is understood that you never
miss. You are always within the square, but other-
wise you have no skill and your darts fall randomly
within the square. By chance, then, most of your
darts will be within the circle, too.

One can reason pi’s approximation as follows:

No. of darts in circle
No. of darts in square

Area of circle
Area of square

Pix1? - No. of darts in circle
22 No. of darts 1n square

Pi 4« ( No. of darts in circle

No. of darts In square

Here is the spreadsheet which approximates pi in
this way:

" AD PI GENERATOR

g P1 GENERATOR

C

D X-COORDINATE--> .22129340
E Y~COORBINATE--> ~.725080%
E DIST TO ORIGIN-~> 76104895
I # DARTS IH CIRCLE>» 60
% # DARTS IN SQUARE> 71
h PI APPROXIMATION->3.3802816
N

0

P

]

kK

S

T

)
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After T1 dart tosses, 60 have landed in the circle.
Cells D3 and E3 produce random decimals in the
—1 to 1 range, representing the throwing of the dart
onto the two-by-two board. Cell G3 calculates the
distance of the dart from the origin (Pythagoras)
and cell 13 increments only when cell (33 contains
a result Jess than one, the radius of the circle. Pi
is calculated on row I, by way of a function that
takes the ratio of darts in the circle to darts in the
square and multiplies by 4 (see above).

The use of a computerized spreadsheet with a
random number generator available has possibili-
ties in the study of chance happenings of all sorts
and at all levels. These examples are all created
with very simple programs. With the exception
of the last example, all can be dealt with in the
middle grades. Given older students, more sophis-
ticated software and the willingness on the part of
the teacher to fackle old problems in new ways,
the study of probability and statistics can take on
a brand new excitement and meaning.

— — John C. Russell

PROBABILITY I:
COUNTING TECHNIQUES

Mathematics for Modern Living (M-26) Videotape
Series, 1979. Time: 28 minutes. Magna Systems,
W. Countyline 95, Barrington, IL 60010.

Beginning with examples of the pervasiveness of
probability in daily life, the narrator proceeds to
recount the colorful history of probability. The in-
troduction to the numerical aspects of probability
originates with the sample space associated with
rolling a pair of dice. The concepts of probabil-
ity, sample space, and equally likely are defined.
The Multiplication Rule and simple permutations
are discussed along with an explanation of factorial
notation.

The videotape is not mathematically oppressive.
Most middle school students should be able to fol-
low the development of the concepts. The hand
gestures of the narrator are distracting, however.
The nine-page study guide provides an overview of
the tape, a pretest, probability activities, a glos-
sary, and problems for further investigation.

— — Pamela CofReld
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HANDS ON STATISTICS,
EXPLORATION WITH
A MICROCOMPUTER

by J. Weissglass, N. Thies, and W. Finzer,
Wadsworth Publishing Company, 1986.

The text comes with a single microcomputer
diskette written either for IBM or APPLE micro-
computers containing 15 programs — Flip Coins,
Histograms, Draw Tickets, Sum Tickets, Binomial,
Normal, Rescale, Means Confidence, Proportions
Confidence, Sample Mean, Test Mean, Test P, Test
Two Means, Test Two P, and Linear Regression.
There is a help screen, but it is limited to a dis-
cussion of cursor movement. The text contains in-
dividual program descriptions in its appendix and
numerous examples. Various options are selected
within a program by cursor movement. Most pro-
grams present an excellent graphics display or a ta-
ble display, switching from one to the other with a
siaple cursor movement followed by Enter. For ex-
ample, the Binomial program prints either a table
of binomial probabilities or a frequency histogram
of the probabilities. The program may also be used
in a simulation mode and in this mode one may see
the empirical proportions printed out alongside the
theoretical probabilities.

The program diskette contains numerous data ‘

files which may be used with specified programs.
Several of the programs allow you to compose your
own data set and to save it to diskette for later
use. The actual data input format allowed is quite
restrictive, and often must be approximated. For
example, the program regression allows you to se-
lect ordered pairs of data from the screen by cur-
sor movement on the screen itself. This turns
out to force approximation of points and is a rel-
atively slow and tedious procedure. Unless your
data points are ordered in some nice manner, you
will find that a large amount of cursor movement
(itself slow) is necessary.

The primary strength of the package is the out-
put display, the ability to simulate certain prob-
ability models based on Bernoulli trials, to sam-
ple with replacement from given finite populations,
to simulate the central limit theorem, to simulate
the construction of confidence intervals and to plot
scatterplots with an overlay of the least squares
regression line. For most of the programs the text-
book uses a workbook approach to lead the student
to a “discovery” of some general results.
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The textbook often suggests that the stndent
consult other textbooks to obtain a better under-
standing of the statistics being discussed. The au-
thors often leave much to be desired in their defi-
nitions and explanations. For example on page 162
the authors define “the expected value of a ran-
dom process”. No mention was ever made of ran-
dom variables and their probability distributions.
On page 280 is the following statement: “You can
also think of the regression line as the straight line
that is ‘closest’ to all the poinis (the sum of all the
distances from the points to the line is as small as
possible).” One certainly hopes that the authors
realize that the sum is theoretically zero for many
different choices of *fitied’ lines. Many other exam-
ples could be given.

I believe that the primary weakness of the
diskette is that it cannot be used to do real statis-
tics. For example one cannot use the histogram
program with real data that might be gathered by
the student without first putting it in histogram
form and then inputting it with the write capa-
bilities of the histogram program. Actually “his-
togram” to these authors means a frequency count
of each data point although counts may be grouped.
No mention in the text is made of Exploratory
Data Analysis which in this reviewer’s estimation
should be the foundation of any introductory statis-
tics course.

I believe that the primary weakness of the text is
its imprecision in the use of the language of statis-
tics and its omission of many important statistical
concepts.

In surnmary, I belicve these materials when used
by a skillful, knowledgeable teacher could be a use-
ful supplement o a first course in statistics. The
programs appear to be well done and are easy to
use. However there are many good student versions
of well known statistical packages, available at rel-
atively low cost and quite user friendly, that would
essentiafly allow one to duplicate the author’s work
but provide much more in the way of standard sta-
tistical analysis and procedures.

No attempt was made by this reviewer to de-
termine the validity of the various computational
procedures used by the authors.

~ —~ Howard A. Bird







