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Two catalogs

nReasoning under uncertainty

nPerception & cognition of 
visualizations



First catalog

nReasoning under uncertainty
nConfirmation bias
nAnchoring
nFraming
nConjunction Fallacy



Confirmation Bias

nLook for confirming, not 
disconfirming evidence

n2 4 6, what’s next?

nDog, what’s in class?

Wason & Johnson-Laird



Confirmation Bias

nLook for confirming, not 
disconfirming evidence

nCommunity discussion; contrarians

nHow to correct bias in individuals?



Anchoring

n9 x 8 x7 x 6 x 5 x 4 x3 x 2 x 1 = ? 

n1 x 2 x 3 x 4 x 5 x 6 x 7 x 8 x 9 =?

K, T & others



Anchoring

n 9 x 8 x7 x 6 x 5 x 4 x3 x 2 x 1 = 4,200

n 1 x 2 x 3 x 4 x 5 x 6 x 7 x 8 x 9 = 500

Answer: 40,000



Anchoring

n Estimates: size of country, GNP, etc.

n Salespeople: show expensive first, etc.



Imagine that the U.S. is preparing for the outbreak of 
an unusual Asian disease, which is expected to kill 
600 people. Two alternative programs to combat the 
disease have been proposed. Assume that the exact 
scientific estimates of the consequences of the 
programs are as follows:

If program A is adopted, 200 people will be saved.

If program B is adopted, there is a 1/3 probability that 
600 people will be saved and a 2/3 probability that 
nobody will be saved.

Which of the two programs would you favor?
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Which of the two programs would you favor? 
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that nobody will die and a two-thirds probability that 
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Imagine that the U.S. is preparing for the outbreak of 
an unusual Asian disease, which is expected to kill 
600 people. Two alternative programs to combat the 
disease have been proposed. Assume that the exact 
scientific estimates of the consequences of the 
programs are as follows:

If program C is adopted, 400 people will die.

If program D is adopted, there is a one-third probability 
that nobody will die and a two-thirds probability that 
600 people will die. 72% D

Which of the two programs would you favor? 



Conjunction Rule

P (A +B) ≤ P (A) [or P (B)]

A

C



Conjunction Fallacy

nAvailability

nRepresentativeness

nMental Models



produce in estimate
60 sec’s in 4 pgs

_ _ _ _ _ n _ 2.9 4.7

_ _ _ _ i n g 6.4 13.4

Four groups



Availability

nHomicide/suicide

nAIDS/kidney disease



Two groups asked

nWhat is more representative  of 
Hollywood actress:
n to be divorced 4 or more times
n to vote Democratic

nWhat is more probable of Hollywood 
actress:
n to be divorced 4 or more times
n to vote Democratic



Two groups asked

nWhat is more representative  of 
Hollywood actress:
n to be divorced 4 or more times 65%
n to vote Democratic

nWhat is more probable of Hollywood 
actress:
n to be divorced 4 or more times
n to vote Democratic 83%



Representativeness

n is not extensional

ndoes not entail counting instances

nnot bounded by frequency or class 
inclusion



Probability and
Representativeness
nUnder right circumstances, people 

distinguish them

nUnder other circumstances, people 
use representativeness to judge 
probability



Bill is 34 years old.  He is intelligent, but 
unimaginative, compulsive, and generally lifeless.  
In school, he was strong in mathematics but weak 
in social studies and humanities

nBill is a physician who plays poker for a hobby

nBill is an architect

nBill is an accountant (A)

nBill plays jazz for a hobby (J)

nBill surfs for a hobby

nBill is a reporter

nBill is an accountant who plays jazz for a hobby (A
and J)

nBill climbs mountains for a hobby



Linda is 31 years old, single, outspoken and 
very bright.  She majored in philosophy.  As a 
student, she was deeply concerned with 
issues of discrimination and social justice, 
and also participated in anti-nuclear 
demonstrations

nLinda is active in the feminist movement (F)

nLinda is a bank teller (T)

nLinda is a bank teller and is active in the
feminist movement (T and F)



BILL

A > A + J > J    87%

LINDA

F > T + F > T  85%



nGrad students in decision science fail
nOnly critical items
n naive fail
n sophisticated pass

nGive arguments, valid or invalid
n naive fail
n sophisticated pass with valid

n Experts (physicians) fail
n Payoffs                         fail

Effects are robust



Massive flood somewhere in North 
America in which more than 1000 
people drown

An earthquake in California causing 
a flood in which more than 1000 
people die



Massive flood somewhere in North 
America in which more than 1000 
people drown 2.2%

An earthquake in California causing 
a flood in which more than 1000 
people die                           3.1%



A complete suspension of diplomatic 
relations between USA and USSR 
sometime in 1983

A Russian invasion of Poland and a 
complete suspension of diplomatic 
relations between USA and USSR 
sometime in 1983

Forecasting experts estimated probability



A complete suspension of diplomatic 
relations between USA and USSR 
sometime in 1983    .14%

A Russian invasion of Poland and a 
complete suspension of diplomatic 
relations between USA and USSR 
sometime in 1983   .47%

Forecasting experts estimated probability



How to reduce error

nmake inclusion blatant
nuse schooled subjects 
nemphasize frequency



Second catalog

nPerception & cognition
nGrouping
nSymmetry
nCommon Fate
n 3 D
nMeaningful use of space & elements
nAnimation



Which map is correct?

Grouping: USA/Europe, SAmer/Africa aligned in memory

Sign.majority pick incorrect



Which map is correct?

Sign.majority pick incorrect



 

Symmetry

People remember curves in graphs and
rivers in maps as more symmetric than
they were.



Common fate: South American is uprighted



 

Common fate & cognition

Line in axes

n if in graph, remembered closer to 45 degrees

nif in map, remembered closer to axes



3D

n 3D bars read less accurately
n 3D hard to interpret
n 3D unstable



3D Reverses

Kruskal



Graphics consist of

• Elements
• Spatial relations among them

• These can convey meaning directly



Elements

nIconic
nMetaphoric: Figures of depiction
nSynecdoche: part for whole
nMetonymy: associate for whole





Elements

nIconic
nMetaphoric:  Figures of depiction
nSchematic (meaningful abstract 

forms): lines, curves, crosses, 
blobs, bars, and arrows



Arrows

nNatural interpretation of 
directionality
nArrow heads
nRiver beds

nMany uses, interpretations



QuickTime™ and a
Planar RGB decompressor

are needed to see this picture.

Arrows for Mechanical Systems 



Arrows

n Asymmetric-->   symmetric <-->    
extent <-->
n Connecting, pointing, labeling
n Temporal: sequence
n Causal
nMovement: direction, manner
nMovement; change over time, 

increases/decreases
n Forces







Producing Descriptions from 
Graphs

Please describe in a sentence what is 
shown in the graph above:

X

Y

A

B

•

•

X

Y

B

A



Two classes of description

nDiscrete
n higher—lower
n greater—less
nmore—fewer
n stronger—weaker

n Trend
n rising—falling
n increasing—decreasing
n function
n relationship
n trend



Graphic “Language”

nSemantics:  schematic elements
nNot iconic
nGestalt/geometric meanings
nCategorical

nSyntax: combine elements by rules



Linedrive map at mapoint.com

Agrawala & Stolte, 2001



Meaningful use of space

nProximity in space signifies 
proximity on abstract dimension 
nDirectionality
nVertical loaded: up is more, better , 

stronger
nHorizontal neutral
nParallels in language & gesture





Mixing spatial metaphors



Cognitive Principles for effective graphics

n Congruity: Structure & content of external 
representation should match structure & 
content of desired mental representation

n Apprehension: Structure & content of 
external representation should be readily and 
accurately perceived and comprehended



Conveying change over time

nAnimations use change in time to 
convey change in time
nBut:
nAnimations hard to perceive





Animations hard to perceive



Conveying change over time

nAnimations use change in time to 
convey change in time
nBut:
nAnimations hard to perceive
nAnimations conceived as discrete 

steps



Pulleys: continuous but conceived discretely 



Conveying change over time

nAnimations use change in time to 
convey change in time
nBut:
nAnimations hard to perceive
nAnimations conceived as discrete 

steps
nShowing isn’t explaining



Why diagrams communicate effectively 

nSpatial inferences easy (e. g., 
proximity, distance, direction)
nSpatial metaphors available (e. 

g., time, value, strength)
nElements interpretable (icons, 

figures of depiction, schematic 
abstract forms)


