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Statistics120
Information Visualisation
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Contact Details

� Ross Ihaka

� Room 275, Department of Statistics

� Extension 5054

� Of� ceHours:

– Friday, Noon – 2pm

– By arrangement
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ThisCourseAimsTo Help You To . . .

� Understand how wesee.

� Know how thisconstrainsvisualisation.

� Recognisegood and bad graphs.

� Be familiar with awide rangeof graph types.

� Develop computing and graphicsskills.
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ThePlaceof Computing

� Computing and computer graphicswill beof crucial
importance in thecourse.

� Thedepartment provides laboratory facilitieswhich you
can use.

� Thesoftwareused in thecourse isalso freely available
on the internet.

� CD'scontaining thesoftwarewill beavailable.
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Final Grade

� The � nal gradewill bemadeup as follows:

– 15% assignments

– 20% in-class test

– 65% � nal exam

� A minimum of 45% must beobtained in the � nal exam
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Midterm Quiz

� Wednesday, 27nd August, 11am – 12noon.

� The test will examineall material covered up to the
timeof the test. Moredetailswill begiven closer to the
date . . .

� Both the test and � nal exam will requireanswers in
essay form.
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CourseTopics

� Introduction.

� Computing for graphics.

� Human vision and perception.

� Displays for countsand proportions, numeric dataand
timeseries.

� Graphics for multivariatedata.

� Dynamic graphics.
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Dictionary De� nition

� Theaction or fact of visualising; thepower or process
of forming amental pictureor vision of something not
actually present to thesight; apicture thus formed.

� Theaction or processof rendering visible.
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Operational De� nition

� Theconstruction of imageswhich represent important
aspectsof somesituation or process.

� Synonyms for imageare:

– plot

– graph

– diagram

– picture
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Why Visualise?

� Thehuman visual cortex isarguably themost powerful
computing system wehaveaccess to.

� Visualisation allowsus to put information into a form
which allowsus to use thepower of this computing
system.

� By harnessing someof thecapabilitiesof our visual
system wecan freeother partsof our brains to work on
problems.
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How Visualisation Can BeUseful

� Communication - visualisation providesaquick way
to communicateavery rich message.

� Discovery - visualisation providesaway of displaying
a largeamount of information so wecan uncover new
factsand relationships.

� Insight - visualisation providesaway to obtain better
insight into thingswealready know.
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Communication: Napoleon's1812 Campaign

� In 1812, theFrench Emperor Napoleon invaded Russia
with army of 500,000 men. TheFrench occupied
Moscow, but had to retreat through theRussian winter.

� During the retreat, temperatures fell as low as � 30� C.
Thebitter weather, together with guerrillaattacksby
Russian forces, decimated theFrench.

� Just 10,000 men returned from Russia.
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A Map of Modern Europe

� First � Prev � Next � Last � Go Back � Full Screen � Close � Quit

Napoleon In Russia
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TheBérézina Crossing

Crossing theBérézina, 26th November. Of 40,000 men, 25,000 were lost.
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Minard'sMap

� Napoleon's1812 campaign decimated an entire
European generation. Hardly aFrench family escaped
its impact.

� Fifty years later CharlesJoseph Minard, aFrench
engineer, created amap which summarised theFrench
experience.

� Themap hasabrutal eloquenceand hasbeen termed
“ thebest graph ever produced.”
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TheMinard Map
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Why theMinard Map Succeeds

� Themap describesacomplex, multi-dimensional
process. It shows thespatial location, marching
direction and sizeof the invading army aswell as the
temperatureduring the retreat.

� Thecomplexity ishandled by abstracting out themost
important data featuresand presenting them in asimple
graphical form.
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Discovery: Learning About Lottery Strategies

� Formsof lotto areplayed world-wideand many people
have theoriesabout how to makemoney at thegame.

� Wewill examineaparticular lotto game, to seewhether
it might bepossible to play it pro� tably.

� Thegamewe' ll look at is thedaily pick-it lottery run by
thestateof New Jersey in theUSA.
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Playing “ Pick-I t” Lotto

� Each player selectsa threedigit number between 000
and 999.

� A winning number is selected by independently picking
threedigitsbetween 0 and 9 at random.

� All playerswho hold thewinning numberssplit the
prizemoney for thegame. Thesizeof theprizedepends
on thenumber of playerswho choose thewinning
numbers.
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Choosing a Strategy

� The resultsof thegames (winning number and winning
amount) arepublicly available.

� Does thisdatacontain information which will enableus
to chooseapro� tablestrategy for thisgame?

� Wewill use the resultsof 254 consecutivegames to
look for apro� tablestrategy.
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Winning Numbersand Amounts

(810, $190.0), (156, $120.5), (140, $285.5), (542, $184.0), (507, $384.5),
(972, $324.5), (431, $114.0), (981, $506.5), (865, $290.0), (499, $869.5),
(020, $668.5), (123, $83.0), (356, $188.0), (015, $449.0), (011, $289.5),
(160, $212.0), (507, $466.0), (779, $548.5), (286, $260.0), (268, $300.5),
(698, $556.5), (640, $371.5), (136, $112.5), (854, $254.5), (069, $368.0),
(199, $510.0), (413, $102.0), (192, $206.5), (602, $261.5), (987, $361.0),
(112, $167.5), (245, $187.0), (174, $146.5), (913, $205.0), (828, $348.5),
(539, $283.5), (434, $447.0), (357, $102.5), (178, $219.0), (198, $292.5),
(406, $343.0), (079, $332.5), (034, $532.5), (089, $445.5), (257, $127.0),
(662, $557.5), (524, $203.5), (809, $373.5), (527, $142.0), (257, $230.5),
(008, $482.5), (446, $512.5), (440, $330.0), (781, $273.0), (615, $171.0),
(231, $178.0), (580, $463.5), (987, $476.0), (391, $290.0), (267, $176.0),
(808, $195.0), (258, $159.5), (479, $296.0), (516, $177.5), (964, $406.0),
(742, $182.0), (537, $164.5), (275, $137.0), (112, $191.0), (230, $298.0),
(310, $110.0), (335, $353.0), (238, $192.5), (294, $308.5), (854, $287.0),
(309, $203.5), (026, $377.5), (960, $211.5), (200, $342.0), (604, $259.0),
(841, $231.0), (659, $348.0), (735, $159.0), (105, $130.5), (254, $176.0),
(117, $128.5), (751, $159.0), (781, $290.0), (937, $335.0), (020, $514.0),
(348, $191.0), (653, $304.5), (410, $167.0), (468, $257.0), (077, $640.0),
(921, $142.0), (314, $146.0), (683, $356.0), (000, $96.0), (963, $295.0),
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How Visualisation Helps

� Humanscan really only makesenseof threeor four
numbersat a time.

� By representing thevalues in agraphical form wemake
it easier to handle largenumbersof values.

� Using graphsshould make it possible to learn more
about thisdata.
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Choosing Good Numbers

� Oneapproach to making money at “Pick It” is to try to
select numberswhich aremore likely to win.

� Sincewehavehavedataon thewinning numberswe
can look at thedistribution of thewinning numbersand
seewhether somerangesof valuesaremore like to
produceawinner than others.

� Oneway to do this is to produceahistogram of the
winning numbers.
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Pick- It Lottery Results
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Analysis

� It looks there tend to bemorewinners in the region
from 100 to 300 than in other regions.

� Thissuggests that wemight bebest to choosenumbers
in this rangeas they aremore likely to bedrawn as
winners than other values.

� Wehave to becareful about making this kind of
judgement because thewinning numbersarechosen
randomly and wecan expect to sometimesseeclusters
of winning number.

� To judge thesigni� canceof what wesee in the
histogram wemust resort to formal statistical theory.
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Statistical Var iability

Thereare254 values. Wewould expect thenumber of values
in each cell to beapproximately:

25.4 = 254�
1
10

.

Statistical theory tellsus that, if thewinning ticket is chosen
randomly, the level of variability in each cell is:

4.78 =

r

254�
1
10

�
9
10

.

Discrepanciesof up to twice thisamount can beattributed to
“ random variability.”
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Conclusions

� There isno reason to believe that thewinning valuesare
anything other than random.

� Thissays that wehaveno reason to believe that any
particular value ismore likely to win than any other.

� Sincewecan' t choosevalueswhich aremore likely to
win than others, wemight instead see if wecan
in� uence theamount won.
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Pick- It Lottery Results

Winning Amount
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Winning Amounts

� Thehistogram shows that there isawide rangeamounts
won in thegame.

� Thissuggests that it might bepossible to choose the
numberswhich win larger amounts.

� To do thusweneed to see if there issomerelationship
between ticket number and winning amount.

� A scatter plot is thenatural way to look for such a
relationship.
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Scatterplot Features

� Thewinning amounts in aband to the left of theplot
appear to generally behigher than those in the rest of
theplot.

� Wecan investigate this further by separating thevalues
into groupsaccording to the � rst digit of the ticket
number and drawing box plots for each group.
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Conclusions

� Ticketswith a leading zero digit clearly tend to produce
larger winnings.

� It isalso apparent that therearesomevery largeand
somevery small winning amounts.

� It isprobably of interest to identify the ticket numbers
corresponding to theseextremes.
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Choosing a “Pick-It” Lotto Strategy

� Choosenumberswhich are less likely to bechosen by
other players.

� Then, when you win, you will tend to win more.

� Possibleways to choose:

– Chooseanumber with a leading zero.

– Chooseanumber with repeated digits

– Avoid “obvious” numbers.
E.g. 000, 123, 246, . . .


