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Computers as

a person rather than a machine. The all-female computer team, many
of the members recruited nght out of high school, were responsible for
doing all the math by hand required to plot satellite trajectories and
more

Image courtesy: NASA/JPL-Caltech

JPL photo number P-163

Business as usual or paradigm shift

« Many things we do with computers just
speed up and make cheaper things we have
always done

« Want to highlight some things closer to
paradigm shifts

— Where computers open up new ways of
conceiving our world and how we “do education”




« Simulation-based java applets
— Goals have been limited, typically targeting

 an understanding of a few generic concepts such as
sampling variation and the operating behaviour of
confidence intervals

* or the patterns that can be seen in data generated by a
particular model
» Specialised calculators and analysis engines
— performing computations, drawing graphs
— showing how the behaviour of a model is governed by its
parameters
» Additionally, we have internet-delivered instructional
materials

Ivo Dinov Nicolas Christou Ivo Dinov Nicolas Christou

Developed into a huge system

« large collection of remotely delivered
analysis tools (including sophisticated)

« demonstration & exploration applets
 Educational materials
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Wonderful aids, but paradigm shifters?
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g CAST stands for Computer-Assisted Statistics Teachi
What is CAST? ’ 8

Java check

and contains several different textbooks that teach
statistical methods. They all take a data-focused approach
to the subject and use minimal mathematics.

Unlike conventional textbooks, CAST makes extensive use
of interactive diagrams to help explain the statistical
concepts. Not only do these interactive diagrams help you
to understand statistics, but they also make the ideas more
memorable and help to retain interest.

Before starting CAST, you should check that your computer
software is recent enough to run it.

CAST contains many interactive diagrams that are written in the
Java programming language. Java is also used for the login
procedure. Before starting CAST, check that your computer can run
these Java programs. (In particular, many versions of the Microsoft
Windows operating system do not have adequate Java support.)

3 e a coloured rectangle on
the left? (It may take a minute to
appear.)

Doug
Stirling




Hans Rosling

e Prof. of Global Health from Sweden

— Karolinska Institute Jim Ridgway [

» Founder of visualisation software “Gapminder”
— purchased by Google in March 2007
www.gapminder.org

* Legendary presenter
— Keynote Royal Statist. Soc. Ann. Conf. 2007
— Keynote for next ICOTS

Show movie 1

Best way to see what they do at /4. R e S e Data
Durham is to look at some data -

Differences between sexes in the incidence of

« Number of new STl episodes seen at Chlamydia
genitourinary medicine clinics by sex, 2000- Different age peaks
2004 Big increases in Chlamydia over time

Pattern doesn’t appear for Warts, though might expect

— STI data produced by the Health Protection — Why? Because C is asymptomatic in F? [Warts are not!]
Agency Differences in slopes of incidence over time at

* http://www.hpa.org.uk different ages

— This data set can be explored (along with a number of
other data sets) at
www.durham.ac.uk/smart.centre/freeware

4-way interactions between disease*sex*age*time
but still intelligible!

 (cf anova tables with lists of main effects, 1,2,3,4 variable interactions)

Fire up STI_GUM.SWF




Some features of the Data

Differences between sexes in the incidence of chlamydia = = It b . le littl . f soft
Different age peaks @ may De a simpie littie piece or sortware,

Big increases in C over time but the implications are HUGE ...
Pattern doesn’t appear for Warts, though might expect

— Why? Because C is asymptomatic in F? [Warts are not!]

Interactions between disease*sex*age*time!

— but still intelligible When the right pictures and animations are used,
« (cf anova tables with lists of main effects, 1,2,3,4 variable interactions) hIdren can understand mUCh more
Differences in slopes of incidence over time at different ages even C_ I
complicated data structures than we would ever

have thought possible

NOT only can we see these things,
BUT SO CAN ORDINARY TEENAGERS
— See two 2007 papers by Ridgway et al. Similarly with Rosling and Gapminder
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Dynamic, Interactive-Documents-for- Teaching-Statistical-Practice®(p-295-321)«
Jeboran- Nolan,- Duncan- Temple- Langs

Data generating environments

Virtual-Environments-andthe- Acceleration-of-Experiential Leaming®{p-322-3 35 )+~
Chris-Wilds

One-Possible-Framefor-Thinking -about-Experiential-Leaming (p-336-347)«
George W.- Cobb«

E-Leaming-in-Statistics
Wolfgang hert

Statistical-Thinking-in-Computer-Based-Learning-Environments*{p-365-37 1)+
Gil 1. Olivier- Thass+
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Within a scenario

» Specify what sort of experiment
you want to use and how you
want to do it

» Software delivers resulting data

* Analyse data in your favourite
package

A sampling environment

What is it good for?

» Experimenting with design decisions and
experiencing the consequences without paying
huge time penalties

Within a scenario

» Specify what sort of experiment
you want to use and how you
want to do it

» Software delivers resulting data

* Analyse data in your favourite
package
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Deb Nolan s DUNCan Temple Lang

Statdocs

» Huge potential for creative thinkers to
build elaborate interactive documents

» Real potential to be paradigm shifting
— But the authoring tools that would let me use
it are not there yet

Deb Nolan e DUNCan Temple Lang

What will it be good for?
Experimenting with alternate analyses and analysis

decisions and experiencing the consequences
without paying huge time penalties
and much more besides

In praise of quick and cheap solutions

English slang, “Quick and dirty solutions”

I've just revisited some of these sites one
year on
— Not many signs of progress
» This points to a reality in the way we live
and work




In praise of quick and cheap solutions

* These things tend to be add-on, sideline
activities for academics

— Crowded out by “the real job” of teaching, research
and administration

— Built on budgets that range from zero to tiny
— Thus, hard to achieve ambitious aims
* Points to ...
—aneed to be able to create something useful in
a very short amount of time
Have bright idea — want it built quickly and cheaply

* even if it is more a prototype than a polished
product

Examples

Solutions
1. Work in ways that let us leverage off one
another

— Something like the R project for building statistical
learning environments

» Store houses of building blocks

2. Leverage off powerful existing systems
we already know how to use
— For me thatis R, and ...
e | don’t really have time to learn new systems

R Novice Me R Core group guru
® O

Bar Chart Animations

Play
Samples of 1000
Samples of 200
Samples of 100
Samples of 50
Samples of 30
Samples of 30 without jitter




“What | see is not quite the way it really is” Dot and Boxplot Animations

Play

* Original 2-sample O

o Effect of sample size -

How to create a sampling variation Boxplots with a Memory Il
“movie” in R
pdf(filename)
for (1 1n 1:n){
take a sample Play
» 1-sample build-up, n=30
» 2-sample build-up, n=30

+ Lsample buit-up. n=200
dev.off()

e 2-sample build-up, n=200

* Then “play” the resulting pdf file!

* |f want to get more sophisticated plot to png, transform
to animated gif




Made in

Statman Flies!
Want to get some free sampling and analysis

“R tak —— software to all schools
akes a gigantic ) e
leap backwards!” — Help defeat “by hand” mind set

Statwomaii Statman Stop-gap measure till they all get real software
Paul — E.g. Tinkerplots, Fathom

Murrell _ Usual story
— No budget, no time

But Department does have a web programmer
and | know a bit of R

— What can we put together quickly ???

» with very limited functionality

« But even this has its strengths ...

— The more comprehensive a tool gets the
steeper the learning curve

* Functionality brings complexity

http://www.censusatschool.org.nz/2008/data-viewer

Play Movie




How it was built What is it good for?

php web page » Experiences that stress
« Extracts information from user _ oG cUESHEe

— Names of variables to sample on (if any) . e .
— Sample size(s) — identifying what subpopulations to sample

— Names of variables to use in analysis from

Extracts data from databases using SQL query — identifying relevant variables

Firesup R — forming/discussing/writing about conclusions
— and passes the above information to an R function s :

-R dor()as the analysis, drops graphics files and R dies within a very short time frame
php page finds and displays output files : :
Allows the user to ask for more analyses In a single class

— Every time user clicks “Do Analysis” the fire-up-R step * The “get data” step and "Analysis” steps are automated
IS repeated and happen in a flash

— So can go through these steps several times

What is it good for? What is missing?

» Experiences that stress « Good for purposes above
¢ : : — Because the questioning, seeing the data and
— DU, GLEEHEE concluding steps are happening close together in

— identifying what subpopulations to sample time
from * Butbad ...

: e . — for getting an appreciation of the nature of data
— identifying relevant variables collection

— forming/discussing/writing about conclusions — choosing a methods analysis

within a very short time frame * (e.9. type of graphic)

So can go through these steps several times * Clearly needs
) x " ; 4 | — To be supplemented by other experiences that

in a single class address these areas

e The “get data” step and “Analysis” steps are automated — But I'd argue, “establish the big picture before
and happen in a flash concentrating on details”




Php &R

—is a great way of quickly building free tools for
remote delivery to the masses

« Until, of course, Statdocs gives us easy-to-
use authoring tools

International Statistical Review (2007), 75, 3, 322-335 doi: 10.1111/}.1751-5823.2007.00033.x
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