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CONTENU DE CE COURS

Statistiques

Ce cours



OBJECTIFS

• Acquérir les intuitions et la terminologie  
de base sur les stats"

• Première exposition à R"
• Accent sur les aspects haut-niveau"
• Sensibilisation aux abus des statistiques"
• Accent sur les "nouvelles statistiques"



ORGANISATION

• Partie I - notions élémentaires de stats"
• Partie II - analyses préliminaires en R"
• Partie III - bien utiliser les stats en IHM



A DEFINITION

• Statistics is the study of the collection, 
analysis, interpretation, presentation and 
organization of data. 
 
Dodge, Y. (2006) The Oxford Dictionary of Statistical Terms, OUP. 



ORIGINS

• 1750s German “Statistik” 
“analysis of data about the state”"

• Quickly adopted in England  
(previously called “political arithmetics”) 



ORIGINS

• John Graunt, 1662  
Observations on the  
bills of mortality







ORIGINS

• John Graunt, 1662  
Observations on the bills of mortality"
– First “life tables”"
– Dispelled several myths about the plague"
– First analysis of sex ratio"
– First realistic estimate of the population in London



ORIGINS
• Prompted collection of more data"
• Parallel developments in probability theory"
• Statistics then developed into a more 

rigorous discipline and was applied to:"
– Business & industry"
– Medicine"
– Science"
– ...



STATS & VISUALIZATION

• Statistical Charts"
–William Playfair (1759 – 1823) "
 



STATS & VISUALIZATION

• Exploratory Data Analysis"
– Tukey, 1977"
 













German bombings in London during WWII



German bombings in London during WWII



STATS & VISUALIZATION

• Confirmatory Analysis"
– Testing hypotheses"
– Example: is this new drug effective?"
– Strong focus on automatic procedures, 

computation and objectivity"
– Looking at data can impair objectivity:"
• Data dredging, snooping, fishing, mining



STATS & VISUALIZATION
Exploratory data analysis is sometimes compared 
to detective work: it is the process of gathering 
evidence. 
 
Confirmatory data analysis is comparable to a 
court trial: it is the process of evaluating evidence. 
 
Exploratory analysis and confirmatory analysis “can
—and should—proceed side by side” (Tukey; 1977).

Quoted from the SAS Institute



WHAT ARE STATS?

• A set of tools and methods  
• Old tradition:"
– Origins in demographics"
– Draws from mathematics & probability theory"
– Visual representations are also important"
– A (generally) strong focus on (computationally cheap) 

numerical calculations



STATISTICAL TOOLS

DESCRIPTIVE STATISTICS  



AN EXAMPLE
• Selling encyclopedias
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From Shreya Sethi

CENTRAL TENDENCY
positive skewnegative skew symmetric
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From Shreya Sethi
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DISPERSION

Image from Wikipedia

Standard Deviation
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DEPENDENCE
• Correlation

Image from Wikipedia



DEPENDENCE
• Correlation
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COLLECTING MORE DATA
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September 2014

How much can we trust this chart?



STATISTICAL TOOLS

INFERENTIAL STATISTICS



SAMPLING ERROR



SAMPLING ERROR

• Terminology: 

– Population vs. sample"
– Sample statistic (mean, median, etc.)"
– Population parameter (mean, median, etc.)



SAMPLING ERROR

• Unit of statistical analysis 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• Unit of statistical analysis 



SAMPLING ERROR

• Unit of statistical analysis 



SAMPLING ERROR

• Unit of statistical analysis 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SAMPLING ERROR
• Sampling distribution of a statistic"

– Demo



SAMPLING ERROR
• Resampling techniques"
• Bootstrapping



SAMPLING ERROR
• Bootstrapping
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SAMPLING ERROR
• Bootstrapping
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SAMPLING ERROR
• Bootstrapping
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SAMPLING ERROR
• Bootstrapping  

video



SAMPLING ERROR
• How did people do before computers?



MORE HISTORY
• Abraham De Moivre  
"1667 - 1754
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MORE HISTORY
• Abraham De Moivre  
"1667 - 1754



MORE HISTORY



NORMAL DISTRIBUTION



NORMAL DISTRIBUTION
• Sir Francis Galton  

1822 – 1911"
 
Bean Machine  
or Galton Board:



NORMAL DISTRIBUTION

Central Limit Theorem!
 
Given certain conditions, the arithmetic mean of a 
sufficiently large number of iterates of independent 
random variables, each with a well-defined 
expected value and well-defined variance, will be 
approximately normally distributed



NORMAL DISTRIBUTION
“Exact” Confidence Intervals

t ~ 1.96 for large samples



CONFIDENCE INTERVALS



• Several interpretations"
• « a range of plausible values for μ. Values  

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005)"

• Examples of presentation formats:"
2.2m, 95% CI [1.6m, 2.8m]"
2.2m +/- 0.6m"
from 1.6m to 2.8m

0 1 2 3

CONFIDENCE INTERVALS



CONFIDENCE INTERVALS
• « a range of plausible values for μ. Values  

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005)

0 1 2 3 4 5

Pill%A
Pill%B

weight%loss



CONFIDENCE INTERVALS
• « a range of plausible values for μ. Values  

outside the CI are relatively implausible. » 
(Cumming and Finch, 2005)

0 1 2 3 4 5
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• « a range of plausible values for μ. Values  
outside the CI are relatively implausible. » 
(Cumming and Finch, 2005)

72 71 0 1 2 3

A%7%C
A%7%D

diff.%in%weight%loss

A%7%B

CONFIDENCE INTERVALS



• “values close to our M are 
the best bet for μ, and 
values closer to the limits 
of our CI are successively 
less good bets.” 
 
(Cumming, 2013)

CONFIDENCE INTERVALS



BACK TO OUR EXAMPLE
• Selling encyclopedias





https://www.lri.fr/~dragice/stats-rjc.zip



Doing&the&New&Statistics

Pierre&Dragicevic
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Statistics

• In&the&context&of&HCI&user&studies&
!

• 3&things&to&keep&in&mind:&
– Not&all&papers&need&a&user&study&
– Not&all&user&studies&are&experiments&
– Doing&experiments&is&not&all&about&statistics&
!

• but&doing&experiments&require&doing&some&
statistics



Statistics

!
We&gave&a&data&retrieval&task&to&12&subjects.&Half&of&them&
used&a&bar&chart&and&the&other&half&used&a&line&chart.&
!
The&measured&accuracies&were&(12.1%,&11.6%,&18.3%,&
19.2%,&11.1%,&7.0%)&for&bar&charts,&and&(13.0%,&13.9%,&
12.1%,&13.5%,&21.9%,&12.4%)&for&line&charts.



Statistics

!
We&gave&a&data&retrieval&task&to&12&subjects.&Half&of&them&
used&a&bar&chart&and&the&other&half&used&a&line&chart.&
!
Average&accuracy&was&9.2%&for&bar&charts,&and&13.2%&for&
line&charts.



Bad&HCI&Statistics
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What&HCI&Statistics&are&for

Experiment  
data

UnderX
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What&HCI&Statistics&are&for

UnderX
standing

Investigator



What&HCI&Statistics&are&for

UnderX
standing

Investigator

Peers

Publication

Understanding
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The&New&Statistics

«&&The$techniques$are$not$new,$
but$adopting$them$widely$
would$be$new$for$many$
researchers,$as$well$as$highly$
beneficial.$»  
(Cumming,&2013)



The&New&Statistics

• The&«&old&»&statistics:&
– Null&hypothesis&significance&testing&(NHST)$
– pXvalues&
– Example:&tech&A&is&faster&than&tech&B,&p&=&.032&
!

• The&«&new&»&statistics:&
– Estimations&instead&of&tests&
– Effect&sizes&+&confidence&intervals&(CIs)&
– Example:&tech&A&is&faster&than&tech&B&by&1.3&seconds,&95%&
CI&[0.3s,&1.6s].



FAQ

• What’s&an&effect&size?&
• What’s&a&CI?&
• Why&switch&to&CIs?&Who&says&that?&
• Is&reporting&pXvalues&+&CIs&OK?&
• How&to&compute&CIs?&
• How&to&graph&CIs?&
• How&to&interpret&CIs?&
• Will&my&paper&be&rejected?
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What’s&an&effect&size?

• Taken&broadly,&«&the$amount$of$something$
that$might$be$of$interest&»&(Cumming,&2011)&

• E.g.,&writing&«&tech&A&is&faster&than&tech&B&by&
1.3&seconds&»&is&reporting&an&effect&size&

• Things&like&Cohen’s&d$are&standardized&effect&
sizes&

• Many&recommend&reporting&simple&
(unstandardized)&effect&sizes&



What’s&an&effect&size?

“&Only$rarely$will$uncorrected$
standardized$effect$size$be$more$
useful$than$simple$effect$size.$It$is$
usually$far$better$to$report$simple$
effect$size$[...]&” 
 
(Baguley,&2009)



What’s&an&effect&size?

“&If$the$units$of$measurement$are$
meaningful$on$a$practical$level$(e.g.,$
number$of$cigarettes$smoked$per$
day),$then$we$usually$prefer$an$
unstandardized$measure$(regression$
coefficient$or$mean$difference)$to$a$
standardized$measure$(r$or$d).$”  
 
(Wilkinson&et&al.,&1999)



What’s&an&effect&size?

“(i)$a$preference$for$simple$effect$
size$over$standardized$effect$size,$and$
(ii)$the$use$of$confidence$intervals$to$
indicate$a$plausible$range$of$values$
the$effect$might$take.”  
 
(Baguley,&2009)



What’s&a&confidence&interval?

• Cumming&gives&several&interpretations&
• «&a$range$of$plausible$values$for$μ.$Values  
outside$the$CI$are$relatively$implausible.&»  
(Cumming&and&Finch,&2005)&

• Examples&of&presentation&formats:&
2.2&sec,&95%&CI&[1.6,&2.8]&
2.2&sec&+/X&0.6&
from&1.6&to&2.8&sec

0 1 2 3



What’s&a&confidence&interval?

• Cumming’s&favorite&interpretation&
• «&our$CI$is$just$one$from$an$infinite$sequence$»  

(Cumming&and&Finch,&2005)



!
!
!
!
!
!
!

• Make&sure&you&
check&the$dance$
of$pEvalues$&on&
youtube



Why&Switch&to&CIs?&Who&says&that?

• 300+&articles&by&renown&methodologists&have&
been&questioning&NHST&since&the&1950s&

• Many&recommend&switching&to&estimation&
• Researchers&have&been&mostly&ignoring&them,&
but&now&things&seem&to&be&changing&

• The&problem&with&NHST&is&mostly&a$human$
factor&problem,&so&we&should&know&more!&
!

• More&at&www.aviz.fr/badstats&&



Which weight-loss pill 
would you recommend?

Error&bars&are&95%&CIs&
pXvalues&are&based&on&a&null&hypothesis&of&no&effect



Is&reporting&pXvalues&+&CIs&OK?



Is&reporting&pXvalues&+&CIs&OK?

NHST
Estimation

Knowledge



Is&reporting&pXvalues&+&CIs&OK?

NHST

Estimation
+



How&to&Compute&CIs?

• Relatively&easy&using&the&R&package&
• A&good&place&to&start:&tinyurl.com/rXciXtutorial&
• Aggregate&your&data&first!!&
• Less&resources&on:&
– NonXnormal&distributions&
– Complex&designs&

• i.e.,&anything&else&than&a&betweenXsubjects&design&with&
one&factor&and&two&levels



NonXNormal&Distributions

• Skewed&distributions



NonXNormal&Distributions

“&For$continuous$positive$data$
measured$on$an$interval$scale,$a$log$
transformed$analysis$should$
frequently$be$preferred$to$an$
untransformed$analysis.$No$special$
justification$beyond$that$sufficient$to$
support$an$untransformed$analysis$
should$be$required$from$the$data$
obtained.$”&
!
(Keene,&1995)



NonXNormal&Distributions

• Log&transformation&
– Transform&all&your&raw&time&measurements&into&
logs&

– Do&all&your&stats&
– Transform&back&when&presenting&your&results&
!

• Two&important&things:&
– Arithmetic&means&become&geometric&means&
– Differences&between&means&become 
ratios&between&geometric&means



NonXNormal&Distributions

• Logarithmic&identities 



NonXNormal&Distributions

• data = (a, b, c)!
• logdata = (log(a), log(b), log(c))!
• mean(logdata) = (log(a) + log(b) + log(c)) / 3!
• antilog(mean(logdata))  

= exp [ (log(a) + log(b) + log(c)) / 3 ]  
= exp [ log(abc) / 3 ]  
= exp [ (1/3) * log(abc)]  
= exp [ log((abc)1/3) ]  
= abc1/3



NonXNormal&Distributions

• antilog(mean(logdata)) 
=&nth$root$of$the$product$of$all$measurements 



NonXNormal&Distributions

• antilog(mean(logdata)) 
=&nth$root$of$the$product$of$all$measurements 

• “&The$geometric$mean$is$defined$as$the$nth$root$
of$the$product$of$n$numbers.”&Wikipedia



NonXNormal&Distributions

“&When$providing$an$estimate$of$
the$average$task$time$for$small$
sample$studies$(n<25),$the$
geometric$mean$is$the$best$
estimate$of$the$center$of$the$
population$(the$median).”&
!
(Sauro&and&Lewis,&2010)



NonXNormal&Distributions

“&To$find$the$geometric$mean,$
convert$the$raw$times$using$a$log:
transformation,$find$the$mean$of$
the$transformed$data,$then$
transform$back$to$the$original$
scale$by$exponentiating.”&
!
(Sauro&and&Lewis,&2010)



NonXNormal&Distributions

• Log&transformation&
– Transform&all&your&raw&time&measurements&into&
logs&

– Do&all&your&stats&
– Transform&back&when&presenting&your&results&
!

• Two&important&things:&
– Arithmetic&means&become&geometric&means&
– Differences&between&means&become 
ratios&between&geometric&means



NonXNormal&Distributions

• Other&distributions&
– Exponential&
–With&both&lower&and&upper&bound&
!

• Use&bootstrapping&(resampling)&
– R&package&boot&
– Simple&and&works&with&about&any&distribution&
(Kirby&and&Gerlanc,&2012)



CIs&on&Differences

• BetweenXsubject&designs&
– different&formula&than&sample&mean&

• WithinXsubject&designs&
– just&compute&the&difference&on&each&pair&of&data&
points&
!

• Multiple&factors&
• Multiple&levels&
• We’ll&see&these&later



• As&error&bars

How&to&Graph&CIs?
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• As&error&bars&
– Better&way:

How&to&Graph&CIs?
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• As&error&bars&
– Slightly&nicer:

How&to&Graph&CIs?
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• As&error&bars&
–With&bar&charts:

How&to&Graph&CIs?
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• As&error&bars&
– Dynamite&plots:

How&to&Graph&CIs?
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• As&error&bars&
– Perhaps&a&better&approach:

How&to&Graph&CIs?
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• As&error&bars&
–With&line&charts:

How&to&Graph&CIs?
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time&(s)



How&to&Interpret&CIs?
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How&to&Interpret&CIs?

0 1 2 3 4 5

A
B

• Error&bars&could&be&anything&
– Standard&Error&(SE),&Variance,&various&CIs,&etc.&
– Use&95%&CIs&and&specify&in&the&legend

time&(s)



How&to&Interpret&CIs?

0 1 2 3 4 5

A
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time&(s)

• Null&hypothesis:&H0&=&0s



• Null&hypothesis:&H0&=&0s&
– For&A,&time&is&significantly&different&from&0s,&p&<&.05&
– For&B,&time&is&significantly&different&from&0s,&p&<&.05

How&to&Interpret&CIs?
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• Null&hypothesis:&H0&=&1s



• Null&hypothesis:&H0&=&1s&
– For&A,&time&is&significantly&different&from&1s,&p&<&.05&
– For&B,&time&is&not&sig.&different&from&1s,&(p&>&.05)

How&to&Interpret&CIs?
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• Null&hypothesis:&H0&=&1s&
– For&A,&time&is&significantly&different&from&1s,&p&<&.05&
– For&B,&time&is&not&sig.&different&from&1s,&(p&>&.05)

How&to&Interpret&CIs?
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How&to&Interpret&CIs?

• «&This$is$my$least$preferred$way$to$interpret$a$
CI:$I$earlier$cited$evidence$that$CIs$can$prompt$
better$interpretation$if$NHST$is$avoided.&»  
(Cumming&and&Finch,&2005)
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How&to&Interpret&CIs?

• «&a$range$of$plausible$values$for$μ.$Values  
outside$the$CI$are$relatively$implausible.&»  
(Cumming&and&Finch,&2005)
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How&to&Interpret&CIs?

• “values$close$to$our$M$are$the$
best$bet$for$μ,$and$values$
closer$to$the$limits$of$our$CI$
are$successively$less$good$
bets.”  
 
(Cumming,&2013)
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outside$the$CI$are$relatively$implausible.&»  
(Cumming&and&Finch,&2005)
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How&to&Interpret&CIs?

• «&a$range$of$plausible$values$for$μ.$Values  
outside$the$CI$are$relatively$implausible.&»  
(Cumming&and&Finch,&2005)

X2 X1 0 1 2 3

A&X&C
A&X&D

time&(s)

A&X&B



!
!
!
!
!
!
!

• Make&sure&you&
check&the$dance$
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How&to&Interpret&CIs?

• «&a$range$of$plausible$values$for$μ.$Values  
outside$the$CI$are$relatively$implausible.&»  
(Cumming&and&Finch,&2005)

X2 X1 0 1 2 3
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A&X&D

time&(s)
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How&to&Interpret&CIs?

“&It$seems$clear$that$no$confidence$
interval$should$be$interpreted$as$a$
a$significance$test.”&
!
(Schmidt&and&Hunter,&1997)



How&to&Interpret&CIs?

• Very&hard!&
!
–We&believe&that&a&user&study&should&provide&yes/no&
answers&

–We&believe&that&we&need&an&objective&procedure&
for&deciding&

–We’ve&been&brainwashed!



“&It$is$best$for$individual$researchers$to$present$point$
estimates$and$confidence$intervals$and$refrain$from$
attempting$to$draw$final$conclusions$about$research$
hypotheses.&”&
!
Schmidt&and&Hunter&(1997)&
!
!
“&We$have$the$duty$of$[...]$communicating$our$conclusions$in$
intelligible$form,$in$recognition$of$the$right$of$other$free$
minds$to$utilize$them$in$making$their$own$decisions.$”&
!
Fisher&(1955)

How&to&Interpret&CIs?



“[...]$(Sciences)$can$only$be$successfully$conducted$by$
responsible$and$independent$thinkers$[...]$The$idea$
that$this$responsibility$can$be$delegated$to$a$giant$
computer$programmed$with$Decision$Functions$
belongs$to$the$phantasy$of$circles$rather$remote$
from$scientific$research.$”&
!
Fisher$(1973),$quoted$by$Smith$et$al.$(2002)

How&to&Interpret&CIs?



How&to&Interpret&CIs?

• Overlap&between&CIs
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How&to&Interpret&CIs?

• Overlap&between&CIs&
– Case&of&betweenQsubjects&design&
– Is&the&difference&statistically significant?
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How&to&Interpret&CIs?

• Overlap&between&CIs&
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How&to&Interpret&CIs?

• Overlap&between&CIs&
– Case&of&withinQsubject&design&
– Is&the&difference&statistically significant?
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(Cumming&and&Finch,&2005)



How&to&Interpret&CIs?

!

• What&if&there&are&several&factors/levels?&
– Inferential&(or&ANOVA)&confidence&intervals&
– Corrections&for&multiple&comparisons&
– Complicated&to&compute&AND&to&interpret



How&to&Interpret&CIs?

!

• What&if&there&are&several&factors/levels?&
– Choose&a&simple&experiment&design&
– PreXspecify&your&research&questions&in&advance&
– Only&show&and&interpret&the&effects&of&interest&
– Don’t&correct&for&multiple&comparisons&
– Do&all&your&analyses&on&pilot&data&FIRST



Some&Real&Examples



1&withinXsubject&factor:&technique&(5&levels)  
2&measures:&accuracy&and&time



1&withinXsubject&factor:&technique&(5&levels)  
2&measures:&accuracy&and&time



1&withinXsubject&factor:&technique&(5&levels)  
2&measures:&accuracy&and&time



Mean&Accuracy&DifferenceMean&Accuracy

3&withinXsubject&factors:&target$crowding,&
inner$crowding,&deformation&(2&levels&each)  

1&measure:&accuracy



2&withinXsubject&factors: 
technique&(4&levels)&and&task&(3&levels)  

1&measure:&time



2&withinXsubject&factors: 
technique&(4&levels)&and&task&(3&levels)  

1&measure:&time



1&withinXsubject&factor:&technique&(4&levels)  
1&measure:&time



Will&My&Paper&be&Rejected?

• No&(most&likely)&

– If&you&don’t&overXinterpret&the&patterns&in&your&CIs&
– If&you&properly&justify&your&approach



To&Go&Further
• Geoff&Cumming&
• Youtube&channel&
• Book:&"The&New&Statistics"&

• Allen&Downey&
• Book&"Think&Stats&X&Probability&and&Statistics&
for&Programmers”&(also&a&lecture)&

• www.aviz.fr/badstats&
• Reading&list&on&the&pXvalue&controversy&
• Examples&of&HCI&papers&without&pXvalues 85


