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Graphical Integrity
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Graphical Integrity

The quality of honesty in a data graphic and
the avoidance of misleading design.
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data
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What’s wrong with this picture?
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data
2) Labels should be clear, accurate, and descriptive

IVERSITY
== T\ TRGINIA

LY ENGINEERING



OPEC 0il Prices: After 18
Months of Stability, Prices Are :’3’&
Due to Rise Again A1, 3000%

Dollars per barrel

73 ‘74 ‘78 ‘76 77 78 N 1979
%A Ao | iy | Oaw
] Sect. Dec.

The New York Times /Dec. 19, 198

o T\ TRGINIA Once again, where is the issue here?
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OPEC 0Qil Prices: After 18
Months of Stability, Prices Are
Due to Rise Again o

Dollars per barrel

U W W S — -5 .

The New York Tumes/Dec. 15, 19

_.-E-B- RGINIA More inconsistency in labeling...
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OPEC 0Qil Prices: After 18
Months of Stability, Prices Are Iy 1.2294%
Due to Rise Again

Dollars per barrel

T U W————  — — —

The New York Times /Dec. 19, 198

ITY ... and design. Are we looking at one chart or two?
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data
2) Labels should be clear, accurate, and descriptive
3) Data should vary, not design
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data
2) Labels should be clear, accurate, and descriptive

3) Data should vary, not design
4) Displays of money and similar data must be deflated and standardized
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What is this trying to show?
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data

2) Labels should be clear, accurate, and descriptive

3) Data should vary, not design

4) Displays of money and similar data must be deflated and standardized

5) There should be no more dimensions shown than dimensions in the data
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325 « Before stricter Connecticut Traffic Deaths,

enforcement Before (1955) and After (1956)
Stricter Enforcement by the Police
Against Cars Exceeding Speed limit

300
«  After stricter
enforcement
275 L
1055 1956
PN RGINIA: Once again, something is missing...
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ar ° Connecticut Traffic Deaths,
1951-1959
300 K
o,
275 + .
250 \ .
\ / .
225 L
L 1 1 1 1 1 1 Al Jd
1951 1953 1955 1957 1959
_l—l L CONTEXT is king.
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data

2) Labels should be clear, accurate, and descriptive

3) Data should vary, not design

4) Displays of money and similar data must be deflated and standardized

5) There should be no more dimensions shown than dimensions in the data
6) Graphics must not quote data out of context

) I I The Visual Display
-'E‘ IRGI NIA of Quantitative Information
LI ENGINEERING E—




Design principles with integrity

1) Proportions in graphics should accurately represent raw data

2) Labels should be clear, accurate, and descriptive

3) Data should vary, not design

4) Displays of money and similar data must be deflated and standardized

5) There should be no more dimensions shown than dimensions in the data
6) Graphics must not quote data out of context

HOW "TO
LIE WITH
STATISTICS

Darrell Huff

Don’t be this guy.

NNNNNNNNNNNNN

U IVER-SI I i e 1al Display
-'E‘ & R(}INIA. of Quantitative ||1fbr|1;.1rion
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Design principles with integrity

1) Proportions in graphics should accurately represent raw data

2) Labels should be clear, accurate, and descriptive

3) Data should vary, not design

4) Displays of money and similar data must be deflated and standardized

5) There should be no more dimensions shown than dimensions in the data
6) Graphics must not quote data out of context

HOW "TO
LIE WITH
STATISTICS

Darrell Huff

Don’t be this guy.

... ONe more example

I l IVERSI’IY . PN ... sECOND EDITION
7] The Visual Display
-‘.‘ " mINIA_ of Quantitative Information
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$108
New York State $10.7

Total Budget Expenditures and $3d
Aid to Localities in viliions of dollars -~
Fiscal 1966-1976 $78
$74
$6.7
$6.2
$55
$46
$4.0
Total Budget —
Total Aidto —
Localities™
*Varying from a low
of 56.7 percent of
the total in 1970-71
to a high of 60.7 § !
percent in 1972-73 19%6- 67~ 68  '89-  70- - - B M B W
67 ‘68 ‘69 70 n 12 73 74 75 76 17
i T
U ITY : : 15
) So, where does this graphic turn evils
== T\ TRGINIA ; grap
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New York State

Total Budget Expenditures and
Aid to Localities in viliions of dollars
Fiscal 1966-1976
$7.
$6.7
$6.2
$55
$46

$4.0
Total Budget —
Total Aidto —|
Localities™
*Varying from a low
of 56.7 percent of
the total in 1970-71
to a high of 60.7 :
percent in 1972-73 1966- 67 68 '69- 70- 71- "12- 13- 74- 75- 76-

67 ‘68 ‘69 70 n 12 73 74 75 76 17

T T

UNIVERSITY The addition of the third dimension not only makes up data

-0 ;
o~ RGINIA but skews the data that is already there.
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New York State

Total Budget Expenditures and
Aid to Localities i iions o dollars
Fiscal 1966-1976

Total Budget —

Total Aidto —»
Localities™

s107 $108
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Removal of the extra dimensions helps remove the visual
distortion. But there’s more to the story.



s107 $108

New York State

Total Budget Expenditures and
Aid to Localities i iions o dollars
Fiscal 1966-1976

Total Budget —

Total Aidto —»
Localities™

Per capita
budget expenditures,
in constant dollars

3400 - =3 -

$380 - //// ....... o °

$360 =

S}()O -
1 | ! | ' | [ [ | [ |

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

UNIVERSITY Showing the real data, accounting for inflation and

. Y ) . :
Lo RGINIA population changes makes the information more truthful.
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“If statistics are boring then you have the wrong numbers.’
- Edward Tufte
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A few pseudo-concrete means of graph evaluation

1) Data-Ink Ratio

2) Lie Factor

3) Graphical Sophistication
4) Data Density
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Data-Ink Ratio

The ratio of nonremovable
To removable parts of a chart
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data-ink

total ink used to print the graphic



data-ink

Data-Ink Ratio

The ratio of nonremovable total ink used to print the graphic
To removable parts of a chart

Relationship of Actual Rates of Registration to Predicted Rates
(104 cities 1060).

T
'aﬁ ‘%E‘JEQ’?EWJED}
A
E&E”m.ﬁ&é&ﬁﬂi .
@Kﬁmﬂﬁﬁ&ﬁ! @‘ﬁ'ﬁi
i e &mgﬂ

Om-=A~omx-

00 750 N0 150 900 950 100.0

1.0
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Lie Factor

The discrepancy between
data and representation

UNIVERSITY
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Size of effect shown in graphic

Size of effect in data



Size of effect shown in graphic

Lie Factor _

The discrepancy between = Size of effect in data
data and representation

Also: logarithm of Lie Factor can help determine skew
log(LF) < O : understating errors log(LF) > O : overstating errors
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Size of effect shown in graphic

Lie Factor
The discrepancy between Size of effect in data
data and representation

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation

This line, representing 27.5 miles per
gallon in 1983, is 5.3 inches long.

U ITY
- T\ /TRGINIA
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Size of effect shown in graphic

Lie Factor _

The discrepancy between
data and representation

Size of effect in data

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation

This line, representing 27.5 miles per
gallon in 1983, is 5.3 inches long.

Change in graphic: (5.3-0.6) /0.6 783.3%
Change in data: (27.5-18) /18 52.7%

- T\ /TRGINIA
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Size of effect shown in graphic

Lie Factor

The discrepancy between Size of effect in data
data and representation

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation

This line, representing 27.5 miles per
gallon in 1983, is 5.3 inches long.

Change in graphic: (5.3-0.6) /0.6 783.3%
Change in data: (27.5-18) /18 52.7%

Lie Factor: (7.83/0.52) 14.8
U ITY Skew: log(14.8) 1.17
== I\ TRGINIA Lies via overstatement
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Size of effect shown in graphic

Lie Factor

The discrepancy between Size of effect in data
data and representation

U ITY
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Size of effect shown in graphic

Lie Factor

The discrepancy between Size of effect in data
data and representation

"IN THE BARREL... 2 ;
zmbepgbbl.o(
“Saudi Arabia :

Data increase from 73 to’79: 454%
Size (one dimension) increase: 4267.6%
Size (volume) increase: 27,000%

Overall lie factor: 59.4
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Size of effect shown in graphic

Lie Factor _

The discrepancy between ™ Size of effect in data
data and representation

You sit onjafthrone of lies;
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Sophistication

Proportion of relational graphs
to non-relational and time-series

IVERSITY
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Number of statistical graphics based upon more
than one variable and not a time-series

Number of graphics in sample



Sophistication

Proportion of relational graphs

to non-relational and time-series
me Gerrymander MojO index

w
3 A
~ s ﬁg
— 2 S —— ]
compact ) complex
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Number of statistical graphics based upon more
than one variable and not a time-series

Number of graphics in sample

Which of these communicates
interesting information?

VS

Systematicapp.info Sales

|



Sophistication

Proportion of relational graphs
to non-relational and time-series

FMWMW

JMWWW oy

Number of statistical graphics based upon more
than one variable and not a time-series

Number of graphics in sample

Google Stock Price

300
|
-

260 280
| I
=

Closing Stock Price
240
L L
“%\\

200 220
]

T{S
2

Feb-T7

Mar-15 Apr-20

Index

Which of these serves a clearer purpose?
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Data Density

The proportion of data to
useful chart area
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Number of entries in data matrix

Area of data display



Data DenSity Number of entries in data matrix

The proportion of data to
useful chart area Area of data display
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Data Density

The proportion of data to
useful chart area

U
== J\/TRGINIA

EERING

LULILY ENGIN

ITY

Number of entries in data matrix

Area of data display

Number of numbers: 15
Approximate size of graphic: 7.5sq in.
48.4 sq cm.



Data Density

The proportion of data to
useful chart area

UNIVERSITY
== 7 \IRGINIA
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Number of entries in data matrix

Area of data display

Number of numbers: 15

Approximate size of graphic: 7.5sq in.
48.4 sq cm.

Data Density (in): 2 val /sqin

0.31val /sqcm

WEAK.



Data Density

The proportion of data to .
useful chart area Area of data display

New York City’s Weather in 2003

JANUARY FEBRUARY MARCH
Temperature

Number of entries in data matrix

APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER

NOVEMBER DECEMBER

Precipitation Cumuiative monthy

mpared with normal monthly precipitation. Total precipitation

n 2003 was 58.51 inches, 882 inches more than normal, which makes

h wettes! on record

7 S—

320 Wattest June 3 m_
on rétord

JUNE JuLy

JANUARY FEBRUARY MARCH

142

AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

New York Times, January 4, 2004, A1s.

7
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Data DenSity Number of entries in data matrix

The proportion of data to
useful chart area Area of data display

New York City’s Weather in 2003

JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST
Temperature

SEPTEMBER OCTOBER NOVEMBER DECEMBER

Precipitation Cumuiative monthiy precipitation in inches ¢ mpared with normal monthly precipitation. Total precipitation in 2003 was 58.51 inches, 8 B2 inches more than norma

g IAINFAL
45704 50 469 L
320 Wettest June
on rétord

MARCH APRIL MAY JUNE JuLy AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

nAw‘«-'\L; 2
142 |

New York Times, January 4, 2004, A15.

300 values / sq in
ITY 45 values / sqg cm

RGINIA
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Data DenSity Number of entries in data matrix

The proportion of data to
useful chart area Area of data display

Map of the galaxies
(Harvard Astrophysics Data System)

2,275,328 encoded rectangles
(X, Y, and Color)

61 square inch surface

110,000 values / sqg in
17,000 values/sqcm
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Data DenSity Number of entries in data matrix

The proportion of data to =
useful chart area Area of data display

Consider the Small Multiple to help get your ideas across
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Data Density

The proportion of data to
useful chart area

Number of entries in data matrix

Area of data display

Consider the Small Multiple to help get your ideas across
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Data Density

The proportion of data to
useful chart area

Number of entries in data matrix

Area of data display

Consider the Small Multiple to help get your ideas across

AGL 11.71 W“SBS 1?31
5 Lo T 1R
BHP .19 MWDS }?gg
BSL o L Terae 23
IAG 460 w s sgg
ILu 428 w . Egg
MBL 335 w e gq ﬁgg
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3180
3028 3183
NAB U LY

0302105
030604
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07104105

2410505
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A few pseudo-concrete means of graph evaluation

1) Data-Ink Ratio

2) Lie Factor

3) Graphical Sophistication
4) Data Density

Like all things in design, there is no formula for success.
Knowing good from bad is a great place to start.
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Let’s see some examples.
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?

U ITY
== J\/TRGINIA

LIILY ENGINEERING

A change in position on the y-axis!
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?

PLETIN
EIE ENGINEERING NOthlng!
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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What, if anything, is the difference between the following objects?
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Perception of a sensation, while not universal, can be ranked.
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Perception of a sensation, while not universal, can be ranked.

Shock Heaviness Taste
5 I I I !

Sensation

b
[
'::.1.
\
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Length

Arey
Volune

Brightness

Loudness
Smedl

Stephen’s Power Law
S=I

p < 0 : underestimate
p > 0 : overestimate



Perception of a sensation, while not universal, can be ranked.

10

) ' ' 4.15%1og(1+
Perceived contrast /
g o

Weber-Fechner Law

s | dS = k(dI/T)
4 - Or, in English:
Magnitude is more poorly
2 : perceived than ratios
Intensity
% 2 ’ : . 10
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most
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accurate |
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]

accurate
Length
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]

accurate
Length

Slope

%

Least
accurate |
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]

accurate
Length

Slope

%
AngIeA L

Least
accurate |
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]

accurate
Length

Slope

%
AngIeA L

Area . .

Least
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most [ posivon [N [ ]

accurate
Length

Slope

%
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.
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The way you modulate objects in a visualization
also has a profound impact on readability and integrity.

Most
accurate
Least
accurate
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postion [ [ ]

Length

Slope
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L—

Area ‘ .
Volume . .

Density
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Color, hue, saturation



Understanding the type of data you have should also
affect the form of modulation you select

IVERSITY
== T\ TRGINIA

LY ENGINEERING



Quantitative

Ordinal

Nominal
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The three types of data

Quantitative
- Data with a precise numeric value; for isntance 2, 159, 25, 0x10, 0110101001.

Ordinal

Nominal
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The three types of data

Quantitative
- Data with a precise numeric value; for isntance 2, 159, 25, 0x10, 0110101001.

Ordinal

- Data related by order; for instance “low, medium, and high” or “small and large.”
- “Orderable categories”

Nominal
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The three types of data

Quantitative
- Data with a precise numeric value; for isntance 2, 159, 25, 0x10, 0110101001.

Ordinal

- Data related by order; for instance “low, medium, and high” or “small and large.”
- “Orderable categories”

Nominal
- Members of a class of things; for instance “American and European.”

- “Unorderable categories”
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The three types of data
Mackinlay’s Ranking of Graphical Encodings

Quantitative

Most

accurate Position
Length

Angle

Slope

Area

Volume
Density

Color Saturation
Color Hue
Texture
Connection

Containment

Least Shape
accurate
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Ordinal

Position
Density
Color Saturation
Color Hue
Texture
Connection
Containment
Length

Angle

Slope

Area

Volume
Shape

Nominal

Position
Color Hue
Texture
Connection
Containment
Density
Color Saturation
Shape
Length

Angle

Slope

Area

Volume



You have the tools.
Now let’s start doing.
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Next class we will begin working with JavaScript
H O IVI EWO R K and SVG. In the meantime, please download
and install Google Chrome. Also, if you like,

(Noton Collab) chack out the JS examples at Raphaeljs.com
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This slide only added so | can
say my presentation had 100 slides.
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