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Theworld is changing dramaticaly. CD’s, the web, cdler 1D, grocery store debit machines, MRI’s: life
today is very different from life thirty years ago. Computer asssted design, Soreadsheet cost andyss,
smuldions, indant communication across dities and nations: the busness world is very different from the
business world thirty years ago. Information technology is transforming the way we do business and the way
we live, and dl indications are that even more change is imminent. In education jugt asin sodety and in the
workforce, technology has the potentia to make a profound impact. 1t can change the nature of the content
we teach and the way we teach that content. In Satigtics, that potentid is well on its way to becoming a
redity.

Although a Danish astronomer, Tyco Brahe, (1546-1601) was one of the first scientists to confront the
problem of measurement error (Freedman et d, 1996), even in the early 1700's the nature of Satistics was
primarily qualitative probably due to the fact that there was very little quantitative data available (Ottaviani,
1989). Quantitative information became a redlity in Hungary in 1784 with the firg census; the firg U.S.
censuswas in 1790. This data was very difficult to manage, and by the late 1880's, a crisis had developed
in the attempt to organize and process the large amounts of data collected through the U.S. census. While
mathematicians and datidicians had continued over the years to develop ddidics as a fidd, Herman
Hollerith in response to this criss produced a mechine that would handle tabulations mechanicaly
(Wdlechinsky & Walace, 1975). In 1896, he organized the Tabulating Machine Company which
eventudly led to Internationd Business Machines, now known as IBM, and indirectly, had an enormous
influence on the nature of ddidics as it currently exiss Today, technology dlows the callection of and
access to enormous amounts of data and can quickly organize and andyze that data. This information can
be usad for a vast aray of endeavors andyzing data to understand market trends, building models to
understand and predict behavior, coding the interior of the humean body to dlow andyd's without invasion,
smulaing the behavior of arover on the moon, or making decisons about the effectiveness of a new drug.
As information usage grows, o does the increasing importance of gatistics as afundamentd toal in hdping
people manage and make sense of this proliferation of informetion.

This paper will focus on ddidics educaion from two perspectives fird, a discusson and some
recommendations about the nature of the datigics curriculum in secondary schools (which could be
generdized to an introductory datistics course) and second a discussion of the role of technology and its
impect on that curriculum,

The Statigtics Curriculum

According to David Moore, teaching daigtics should focus on what the practice of datidtics is about
(Moore, 1997):

* producing data that provide clear answers to specific questions,

» reeding data criticaly and with comprehension, and

* using sound methods to draw trustworthy conclusions based on data

In addition to the god's Moore lays out, the actud process of teaching satistics should be embedded in
guiding principles rdlating the study of datistics and Saistica reasoning to the practice of datigics The
Guiddines for Teaching Satidics (Burrill, 1991) recommended among other things that technology should
be used to fadilitate andyss and interpretation. Students should

* understand the need for and be able to formulate well-defined questions,

* begin with a graph,
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* get involved with the data,

« focus on the big idesas not the rules,

* undergtand the vaue of different gpproaches and techniques,

* explore and experiment before using formd dgorithms,

* experience the importance of randomization,

* identify assumptions,

 compar e observed outcomes to chance outcomes,

« think critically and learn to ask the right questions.

Idedlly, sudents should leave dementary school with some basic datigtica knowledge: understand how
to make and interpret bar graphs, number line plots, sem-and-leaf plots, and scetter plots, be familiar with
median and mode as measures of center and range and quartiles as measures of preed; be able to relate
measures of center and Soread to the shgpe of the didribution. They should have some experience
designing smple surveys and experiments. They should be able to make conjectures based on their dataand
provide supporting evidence for dams they make. While sudent learning should be grounded in hands-on
experiences and pencil and paper techniques, thereisincreasing evidence that some computer graphics and
drawing programs can effectively fadilitate sudent underganding even a thisleve.

In lower secondary school, students should produce data by designing Smple experiments and sample
surveys, begin to gppreciate the role of chance and to understand sources of bias and its impact on results.
Smulation with concrete objects and smple technology gpplications can help sudents lay the foundation for
more sophidicated thinking.  Students should work with observationd data collected from ther
environment, recognizing the limitations and condraints inherent in data gathered in this way. Headlines
about a disease caused by mosquitoes and how scientists design experiments to track its Soread or about
the results of a dudy of the relaion between day care and sudent achievement in school can help sudents
understand the difference between observational studies and experiments. A poll about potential support
for a new sports arena can lead to dass discussons on question wording or the impact on the results of
potentid versus actud voters.

Students should explore the relaionship between the shape, center, and spread of a distribution, be
introduced to the mean and learn to summarize center and oread using the mean, quartiles, interquartile
range, and outliers as wel as the median and range they sudied earlier. The graphica representations they
use should expand to include box plots and histograms, and they should be able to compare data sets and
describe their conclusons in words that make sense. They should undergand linearity as a summary for
bivariate deta, be able to interpret the relationship between variables represented by alinear equation, and
to describe the association as pogtive, negative or zero. Students should learn to read and interpret data
from two-way tables. The notion of random samples can be introduced, and students can use Smulaion to
begin to explore sampling digtributions and their atidtics. In this cortext they should recognize thet random
behavior has certain predictable characteristics and that the long run relative frequency of an event sabilizes.
Technology can be an important tool in making these points meaningful for sudents.

In upper secondary school or an introductory datistics course, sudents should formdize their
knowledge of collecting deta through observations, sample surveys and experiments.  They should
understand the importance of well desgned sample surveys and experiments and the sources of potentid
bias in ther desgn and adminidration. This means they recognize terms such as control groups and
blinding, and learn to critique media reports about experiments and surveys with a gatidica framework.
They should undergtand the role of randomness in reducing bias and recognize the effect of sample sze.
The data sets with which they work should be about subjects that are not restricted to ther immediate
environment. Their data exploration tools should expand to include standard deviaion as a measure of
Soread, techniques to compare digributions, and a variety of models to represent the relaionship between
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two data sets, including an understanding of resduas and of what corrdaion represents and does not
represent. They should recognize when and how to use transformations to make sense of data presented in
different scaes or as a way to manage data of very different magnitudes and understand the impact of the
trandformation on the didribution and summary daigics As citizens, sudents need to understand that using
data and datidicd reasoning is a legitimate and functiond way to make a decison — for example, that
sampling techniques can obtain a more accurate count of the populaion than attempting to count everyone,
Students should be able to use datisticd inference to support conclusons drawn from experiments or
surveys, critique reports about sample surveys and experiments in the media; and use probatiility asatool in
meking inferences. Students should be familiar with gandard digtributions such as the normd, the binomid,
and the chi square and know how to compare an observed outcome to them.

Software packages such as Fathom from Key Curriculum Press, a dynamic computer learning
environment for deta andyss and datidtics, can radicaly dter the goproach to teaching these fundamenta
datidica concepts.  Such software has capatilities that indude dynamic manipulation of symbols words,
categories, and plots, dragging points, axes, attributes, bars, with continua updates, formulas attached to
diders and graphs for plotting functions, tribute definitions and use as filters sampling (induding random
and sdected cases) and collecting measures; and importing data directly from the internet.  The power of
such packagesis not in doing gatigtics but in presenting concepts and engaging sudentsin understanding the
essential Structures of the subject.

These guiddines are intended for al sudents to enable them to be datidticaly literate citizensaswdl as
provide a gatigtica foundation for whatever future options they choose — continued study or the workplace.
In the United States there is another option for those who are interested in university work, an Advanced
Placement Statigtics cour se designed to be taken while in secondary school but equivaent to a university
course. If dudents score a a certain leve on a nationd test, they can earn university recognition ranging
from credit to advanced placement. A mgor difference between the curriculum for dl and for those in
advanced placement is the indusion of formd inference -confidence intervas and tests of sgnificance
(College Board, 1999). Asasdde note, thefirg test in 1997 was given to about 7,500 high school students;
15,000 students took the test in 1998, and in 1999 the number topped 25, 000. Currently more and more
schools across the nation are offering gatistics courses to qudify their sudents for advanced placement.
The sudents in these courses vary from those who like mathematics and teke Satistics because it isrdated
to mathematics to those who are going into aliberd arts program and do not want to take caculus to those
who need a credit to finish their high school coursawork.

Technology
Despite its beginnings as a quditative discipline, datidics is often characterized as * number crunching”
— afidd dependent on counting, ordering, and cdculaing. In fact, daigicians in the mid-1900's employed
people as “caculators’ whose work conssted of carrying out the many and involved caculaions necessary
for the gpplication of atisticd reasoning. Today, computers, caculators and graphing caculaors provide
access to computationa power, spreadsheets, replay and recal of operations, ordering of data, organizetion
and coding of data, changing scales, graphs, interaction between symbols and graphs, record keeping,
moation. Each of these functions have made a difference in the nature of the datigticsthet it is possble to do
and to teach and the way in which that content can be taught. Technology turns gatistics into a hands-on
activity based course where students become engaged in doing gatistics not just learning about the formulas.
According to Rossman (1996), there are three basic uses for technology in gatistics. Computers and
gragphing cdculaors dlow sudentsto
- Explore and invedigate datidicd phenomena Students can explore severd different graphica
representations of a set of data or investigete different models for paired data. They can make predictions
about a particular Satistica property and then use a cdculator to investigate their predictions, revising their
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predictions and iterating the process as necessary.  Students can use cdculators to investigate the best fitting
lines, the effect of outliers, and the effect of sample Szes on confidence intervals. They can see for
themsdves whether dividing by Rl is an unbiased estimator for the standard deviation of a sample by
drawing many samples from a given st and checking the didribution of gandard deviaions They can
explore what happens if the conditions for using the test are not met; suppose nA,p islessthan 10 (wheren
isthe sample Sze, and A,p isthe sample proportion) in finding a confidence intervd for aproportion. What
are the consequences?

- Cary out mulations. Technology dlows students to conduct smulations which let them experience
the long term behavior of sample Satigtics under repeated random sampling. Through smulation, Sudents
can build intuitions about probability and expected values — how likdly is it to pass a true fdse test by
guessing and how will the probability change as the number of questions increases. They can come to
understand the behavior of sampling digtributions and explore the patterns inherent in randomness.

- Visudize daidica concepts and perform cadculaions. Technology can produce graphica displays
necessary to andlyze red data sets, which are often large and use messy numbers. Using dynamic geometry
software and the connection between graphs and ymbolic expressons and ther graphic representations,
Students can see how changing a regression line changes the sum of squared resduds — and can seevisudly
what is meant bytheleastaquaAresregronline (Figurel)

y-intercept = 0.78
slope =0.27

y-intercept y-intercept slope sum of squares
0.86 0.27 0.75
1.21 0.27 2.52

0.78 0.27 0.57

< >
Figurel

Students can see how the shape of a digribution is related to the mean and standard deviation by
changing the shape or the gatistics and obsarving the effect. They can compare the t-didtribution to the z
digtribution and experiment with the degrees of freedom to see how the t-ditribution changes. (Figures 2, 3)
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Figure 2 Figure 3
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Computers and grgphing cdculaors have had a direct impact on what we teach in introductory
ddidics. There are advantages to usng dther tool for indructiond pur poses. Despite the limitations of
screen Sze, a grgphing cdculator is smdl enough and, comparatively spesking, inexpensve enough that
every sudent can have accessto one a dl times. Thisis not yet the case with computers. What is the
impact of technology on the curriculum?

Technology makes some of the thingswe used to do unnecessary.

Satigtics books usad to have detailed rules for finding the number of categories and the bin Sze for
higograms. Cregting hiograms for messy data by hand takes a consderable amount of time. To maximize
the likelihood thet the histogram would reved something about the deta, certain structures were suggested
for generating the plot thet added a degree of complexity to the process. Today, with a keystroke, sudents
in lower secondary school using ether agraphing caculator or a computer, can investigate wheat different bin
Szes do to the digribution and in the process come to more fully understand the messages inherent in the
data

Consder the formulas ance taught as easier waysto carry out complex cdculations. The use of some of
these formulas probably contributed to the lack of understanding of the dtatistic being produced (and
reinforced perceptions on the part of many students that gatistics was a difficult subject to be avoided if
possble). Take for example, the sandard deviation. The definition is Smple and makes quite good sense,
when posed as away to find ameesure of the variation from the mean. Find the difference from the meen;
the differences sum to zero, squaring the differences diminates the negative 9gn; divide by n to even out the
differences among the data points, and findly, take the square root to return to the origind scae. Now,
condder the dternate formula, described as a practicd way to smplify the caculations (Willoughby, 1968).

o é(xi')?)2 1l /e 2 2
Sandard deviation = — o F/a X" - X

Maheméticdly equivalent, the two procedures send very different messages about the underlying
concept.  Unfortunately, many students never had the opportunity to work with the formula based on the
definition. Today, spreadshects dlow students to explore the definition in a variety of cases, look a the
magnitude of the differences squared and their contribution to the squared sum, see the effect of outliers,
and in generd, build an understanding of exactly what sandard deviation represents.

Technology allowsusto do old thingsin new ways.

Technology dlows students to quickly invedigate different plots of the same data, moving from
higograms to box plots. It alows students to compare data sats by smultaneoudy looking a multiple box
plots. Technology dlows students to use large data sets and to access red information from the web. The
concept of the mean as the bdance point or centroid of a didribution comes to life with technology.
Technology makes it critica that sudents learn to reed Setigtical andyd's output from a daidtica package
such as Data Desk or Minitab.

Technology dlows students to smulate sampling didtributions to see how likdly a given outcome will
be. For example, suppose that 60% of the cars produced by automobile manufacturers are red. Would
finding only 14 red carsin arandom sample of 30 carsbe alikdy event?
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n=30,p=.6

FLE ’{”-”-n”o i‘3=L5 i‘3=L5
m"f{ifi n=1 m"f{iiiz n=1 m:"f{iiiz n=Y
90% of the samples 90% of the samples 90% of the samples
have 14 to 23 red cars have 14 to 22 red cars have 12 to 23 red cars
Figure 4 Figure5 Figure 6

Figures 4, 5, and 6 show three sets of one hundred smulations of 30 cars sdlected a random from a
population where 0.6 are red. In each case, 14 red cars seems likdly to occur with some level of regularity.
To have only 9 cars seems quite unlikey based on the evidence in the amulations, giving udents an
introduction to outcomes that can be consdered rare events and a sense of the rdatively arbitrary
designation of what is"likdy". If something that occurs at least 90% of the time is defined as likdly, a box
plot for the likely outcomes an be congructed and used as a way to describe the level of acceptable
vaiation around the expected outcome of 18 red cars. This gpproach can be used to provide the
infradtructure for defining confidence intervas in a very concrete and functional way.  (Landwehr et d,
1987)

Smulation can dso quickly and eesily generate sampling digtributions for sample means and encble
Sudents to develop an undersanding of the Centrd Limit Theorem. It provides a visud and concrete
demondration of how, regardless of the shape of the origind digtribution, the didribution of sample means
will be anormd digtribution. The population described in the hisgtograms below (Figures 7, 8) are the areas
of 100 random rectangles ranging in 9ze from 1 to 18 sguare units. (Scheeffer, 1997).

1=-War Stats F1:RECTE
®=r.dr

n=0

Figure 7 Fgure 8

If the dgorithm in Fgure 9 is preceded by initidizing the counter A to be 1, it will generate random
samples of gze 15 from the population of rectangles, cdculate the mean area of each sample, and record
themeaninalig. The sample sze can be changed by changing the 15, dlowing sudents to experiment with
different sze samples, building intuition about the shape, center, and Soread of the digtributions. (Figures 10,
11, 12)

N=5
seqyi LRECTSCrand] FiLz 1-Mar Stats
ntil. 18833, 5,151 ®=7,. 952
2. 122L4imeancly 2 Zx=397.6
*LzCHYEA+1+A Exe=3500. 95
Sx=2.F2oE0E893
T | . ox=2. B95E6E455
fin=n =58
macdl n=n [ |
Fgure9 Fgure 10
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N =10 N =15

Fiilz 1-\ar Stats Fiilz 1-\ar Stats
®#=r. 493 H=Ta
Ex=374,49 Ew=321
EZxE=2937, A5 EZwE=2995, 94222
Sx=1.371731915 Sx=1.3736054]12
ax=]1,555955012 ax=1.361773221

i'l'lil'|=|:| +r=58 in=n Jh=3A

max<l n=i max<l n=i [ |

Fgure 11 Fgure 12

Students quickly natice thet the mean in eech case is near the population mean, while the standard
deviation decreases as the sample Sze increases. (With some perseverance and collaboration, sudents can
actudly use regression to find the relation between sample size and sandard devietion.)

Jugt as stentific caculators made logarithmic tables unnecessary, graphing calculators make most
datidicd tables unnecessary. In addition, graphing caculators can both graph and caculate the probabilities
for a given didribution reinforcing the conceptud underdanding of what the numbers actualy represent
(Figures 13, 14).

Normd Didribution,m=0,s =1 Norma Didribution m=50,s =5

A

Arga=.Earnge AFea=401z9y
Tow=47 ur=EE Tow=-10 lup=-.2E

Fgure 13 Fgure 14

These capablities dlow a hift in emphasis in the questions typicdly asked on assessments from
undergtanding how to read the table to understanding what the didribution reflects. They remove routine
procedures and provide opportunities for interpretation and problem solving. This means, however, thet the
very naure of the questions mugt be different. "For n = 25, p = 04, find P(x£ 21)" hasto be replaced
with questions such asthe following. For anormdly digtributed varigble with amean of 50 and a sandard
deviation of 5, will the probability of an outcome from 45 to 55 be more likdly than that of a normaly
digtributed random variable with the same mean and a $andard deviation of 10? What do you know about
a normd didribution that will explan why your ansver mekes sense? Compare the probability to the
probability of an outcome from -1 to 1 for anormally distributed random variable with mean 0 and standard
deviation 1.

Technology allows usto do new things we wer e unable to do without it.

The use of the median as a measure of center was only possible with the gppearance of technology
that could sort and count. It seems plausible that one of the reasons why much of the current satigticd
theory is mean basad is that until very recently, the mean was the only useful measure of center it was
possble to caculate in an effident and practicd way. There are dearly opportunities to develop new
datidicd theories, paticulaly in light of the adility of technology to perform high powered numerica
cdculaions and andyss Regresson equations ae now pat of the secondary curriculum because
technology makes it possible for sudents to creste mathemetical models quickly and essly (Hopfensperger
et d, 1999). They can describe the relationship between varigbles and assess the modd by cdculating
resduas and looking a ther graph. Condder, for example the relation between the number of spaces from
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Go and the price of a property in the game of Monopoly. A linear regression yields Price = 6.78d+67,
where d isthe number of spaces from Go, with a corrdation coefficient of 0.88.

Monopoly Monopoly

F1:DIZT+FRICE a F1:DIZT+FRICE a
w=l. . . EE0. .. Hg-ﬂw -1
Figure 15 Faure 16

Looking at the plat (Figure 15) and reflecting on the nature of the data, however, brings out the fact thet
rallroads uniformly cost $200 and the utilities are $75. Thus, there are redlly three relaionships involved,
two of which are congtant. A better mode would be to use separate functions for rallroads and utilities and
find Price = 8.4d+39.8 with r = .99 for the other properties. (Figure 16) Because caculators can produce
logarithms and re-scdle data, dl gudents can dso investigate the underlying principles of modding non lineer

relaions, sudying exponentid, logarithmic, and power models

Technology dlows sudentsto invedtigate the normd curve
— 1 e-(><-m)2/2s2
\2ps '

Students can understand and carry out multiple regresson techniques using matrices to organize and
manage information and technology to perform the computations. Congder the problem of trying to predict
college grade point averages using both the verba and math scores onthe SAT. Table 1 contains the data
on GPA, SATV, and SATM for each of 15 college students (Witmer et d., 1998).

Table 1: College Grade Point Average

Student number GPA SATV SATM
1x 358 670 710
2 3.17 630 610
3 231 490 510
4 3.16 760 580
5 3.39 450 510
6 3.85 600 720
7 2.55 490 560
8 2.69 570 620
9 3.19 620 640
10 350 640 660
11 292 730 780
12 3.85 800 630
13 311 640 730
14 2.99 680 630
15 3.08 510 610

Source: Oberlin College, 1993
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The problem isto find some b, b and b such that
bo(1) + b1V + bpM = " .GPA
This can be written in matrix form as
€vMm - [bobib2 ] = &cpa Y

This can be expressed as AX = B where A is the matrix determined by using a congant 1 and columns
of verba and math scores, X the coefficient matrix, and B the predicted grade point averages, . Usng

metrix properties,
AX = B
AlAX = AlB
(AtA)X=  AB
(AtAY1(AtAX =  (AtA)-1AB
X = (AtA)-1ATB

Solving for matrix X, usng the GPA daain matrix form and the formula gives
b = [1.45112,0.00190,0.00083]

and the desired regresson equaion for predicting college grade point as a function of math and verba
SAT scoresis

" GPA =1.45112 + 0.001906V + 0.00083M.

(Anintereging exercise is to compare this mode! to the regresson of GPA Vstota SAT score) Matrix
A can be any dimenson, so A could include other rlevant data aswdl.  Thus for a given st of deta, a
regresson modd can be quickly and easily computed - providing the matrix sysem has a solution.

Concluson

Clearly technology makes a difference in saidtics education. It opens the doors to Satigtics and
datigtica reasoning to dl sudents, provides new indghtsinto working with data and makesit possbleto use
red data and Studtions of interest to mativate both the sudy of datistics and of mathematics  But using
technology is not without its chdlenges. There is a quedtion of equity; how do we ensure that dl Sudents
and teechers have the same access to the power of technology so they have the same opportunities? There
is a quedtion of integrity; is it far to dlow technology to be used a dl times, no meatter what the task, on
routine work and in assessment stuations? Should there be alimit on the kind of technology students can
usein cartain Stuations? Thereisthe question of ingppropriate use. 1N some cases, Satistica reasoning and
the opportunity for invesigation will be replaced by button pushing, reducing the sudy of daigtics to
another st of myderious seps that are now cadculaor routines.  There is the question of how to track
sudent work and thinking. What kind of a paper trail will inform a teacher about gudent thinking? Thereis
the question of sudents who do very foalish things rdying on technology ssemingly in lieu of thinking. What
would their excuse have been before technology was on the scene? Would these sudents even be hereif it
were not for technology? Thereis the question of continually advancing technology. How do teachers stay
current? How does a curriculum acknowledge and capitalize on the advances of technology without being
in a condant Sate of change?

Satidics has evolved over the ages from being the sudy of the characteridtics of a gtate taught in law
schools to paliticd economics, to the philosophy of socid reaions, and eventudly strongly linked to
mathematics. Today, technology is again pushing the bounds of the discipline asit is currently known - the
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one dear message is that despite dl of the many chalenges, yesterday's content with yesterday's tools
cannot prepare today's students for tomorrow's world.
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