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Research

A critical part of research is communicating your findings to an
audience.
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General remarks

Always check the journal / conference and author instructions for
the general style of tables and figures.

| A

Early

Consider the kind of visualizations you want to use when you are
designing your experiment.




Introduction
000®0

General remarks - cont.

Captions should make it possible to understand completely what a
table or figure shows.

Completeness

By highlighting and discussing the important parts of tables and
figures, the text should be understandable just by reading the text.
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Variable Types

Experimental variables:

O Independent: Variable that is not changed by the other
variables (e.g. age).

@ Dependent: Measured variable that is affected by others
(e.g. cancer risk).

Data types:

© Nominal / Categorical: Discrete data that cannot be
ordered (e.g. people).

@ Ordinal: Quantities with a natural order (e.g. Likert scale).

@ Interval: Ordinal + the interval between each value is equal
(e.g. Fahrenheit).

Q Ratio: Interval + a natural zero point (e.g. elevation).



Tables

Table: Caption (often above table).

Stub Column heading Column heading
Row variable 1 x% x%
Row variable 2 x% x%
Row variable 3 x% x%
Row variable 4 x% x%

Total x% x%




Multivariate table

Attitude towards uranium mining by age and gender (hypothetical data)

Number of respondents

<25 25-34 35-44 45-54 55+ Total

Attitude towards uranium mining F M F M F M F M F M F M T

Strongly favourable o 0 1 1 3 1 5 2 3 - 12 4 16
Fevourable li] o 1 2 3 2 3 1 0 1] T 5§ 12
Unceértain 0o 0 0 0 1 1 2 2 0 o 3 3 6
Unfavourable 1 i 4 2 1 Q 0 0 Q 0 G - 10
Strongly unfavourable a4 8 7 7 8 T 2 3 (1] 0 31 25 66
Total 5 g 23 13 16 11 12 8 3 0 59 41 100

Figure: Table 16.4 from the book.
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Confusion matrix

Predicted
True | False
True tp fn
Actual False | T -

o0 ® >




Table usage

Use a table when:
@ Detailed data and text
o Large volume*

@ No trend or pattern
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2D Chart Anatomy

Responses of lake algae to addition of nutrients

600

Percent Increase Compared to Control

Phosphorus Nitrogen Nitrogen + Phosphorus

Hutrient
Figure 3. Responses of lake algae to addition of nutrients. Error bars are 95% confidence limits,
N = 50 lakes.

Figure: Adapted from University of Wisconsin-La Crosse (2001).
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2D Chart Anatomy

Responses of lake alzae to addition of nutrients.
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Figure 3. Responses of lake algae to addition of nutrients. Error bars are 25% confidence limits
M= s0lakes
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2D Chart Anatomy - Axis Offset

Responses of lake alzae to addition of nutrients.
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Phosphorus Mitrogen Mitrogen + Phosphorus

Mutrient
Figure 3. Responses of lake algae to addition of nutrients. Error bars are 25% confidence limits
N = 50 lakes
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2D Chart Anatomy - Axis Offset

Responses of lake algae to addition of nutrients
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Figure 3. Responses of lake algae to addition of nutrients. Error bars are 25% confidence limits
N = 50 lakes
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2D Chart Anatomy - Axis Offset

Responses of lake algae to addition of nutrients
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Figure 3. Responses of lake algae to addition of nutrients. Error bars are 25% confidence limits
N = 50 lakes
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Bar charts

@ Use when you want to compare how
values of 1 or 2 discrete independent

variables affect a numeric dependent H H
variable or count. ITH =
@ Actual numbers and/or error bars can
be added on top of the bars. = |
@ For ordinal data, a histogram may also |
T
be used.

@ With 2 independent variables, a
stacked bar chart can also be used,
but this is not recommended for
comparisons.
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Box plots

@ Box plots are like bar charts with extra

information. ) @

@ They generally show the 1st, 2nd and é @ ]
3rd quartile of the data, the range and - ' é
outliers.
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Histograms

@ Use when you want to show the
distribution of items over a small
number of values of a quantitative
variable.

@ For ordinal data, a bar chart may also
be used.

@ Ratio or interval data can be divided
into buckets/intervals; otherwise you
can use a area chart.

e With multiple variables, use a 3D
effect or an overlapping area chart.

@ The book calls drawing a line over the
histogram a "frequency polygon".
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Stem-and-leaf display

Example (S&L display 1)

A stem-and-leaf display let's you show 312337

fairly detailed distribution information in PG PRI

airly detailed distribu 112244456888899
the shape of a histogram. 0169

Example (Data)

37, 33, 33, 32, 29, 28, 28, 23, 3|7

22, 22, 22, 21, 21, 21, 20, 20, 31233

19, 19, 18, 18, 18, 18, 16, 15, 21889

14, 14, 14, 12, 12, 9, 6 21001112223

1156888899
Example from Lane @ OnlineStatBook. 1|22444

0169



http://onlinestatbook.com/2/graphing_distributions/stem.html
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Static composition charts

*
o If the composition doesn’t vary, you dlassc: 10%
. class b: 25% class a: 65%
could use a pie chart. Not
recommended.

o If the composition also contains
negative items, you can use a waterfall

chart. HDDI
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Stacked bar charts

@ Use to show the composition of a
thing varying along some discrete
dimension.

@ Use a 100% bar chart if the absolute
value doesn't matter.



Graphs
0000000000080

Area charts

@ Area charts can be used to show
distributions under a continuous
independent variable.

@ Stacked area charts can also be used
to show how compositions vary with
such a variable.
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Line charts

Line charts can be used to show how several numeric quantitative
variables change with another variable (e.g. time).
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Scatter plots

@ Scatter plots are useful for seeing the
relationship between two quantitative
variables.

@ Bubble plots let you add another
dimension.




Always check the style of the journal! \

Legibility

Keep everything legible!

Account for B&W

Even if you use color, make sure your figures are interpretable if
someone prints them without or is color blind. (Don't refer to the
color in the text.)




Bar chart color

Responses of lake algae to addition of nutrients

600

00
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200

Percent Increase Compared to Control

100

Phosphorus Mitrogen Mitrogen + Phosphorus
Hutrient
Figure 3. Responses of lake dlgae to addition of nutrients. Error bars are 95% confidence limits.
N = 50 lakes.

Figure: Adapted from University of Wisconsin-La Crosse (2001).
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Bar chart color

Responses of lake algae to addition of nutrients
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Figure 3. Responses of lake dlgae to addition of nutrients. Error bars are 95% confidence limits.
N = 50 lakes.

Figure: Adapted from University of Wisconsin-La Crosse (2001).
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Line chart color - Notches and Line Types

Figure: Use different notches and line types.



Effectiveness
0

Anscombe

X Y X Y x Y x Y
10.0 8.04 10.0  9.14 10.0  7.46 8.0 6.58 N=11
80 6.9 80 814 8.0 6.77 8.0 5.76 mean of X's = 9.0
13.0 7.58 13.0 874 13.0 12,74 80 771 mean of Y’s = 7.5
9.0 881 9.0 877 9.0 7.11 80 884 equation of regression line: Y = 3+0.5X
11.0 833 11.0 926 11.0 7.81 80 847 standard error of estimatc of slope = 0.118
140  9.96 14.0 8.10 140 8.84 80 7.04 ' t=4.24 _
6.0 724 6.0 6.13 6.0 6.08 80 525 sum of squares X - X = 110.0
40 426 4.0 3.10 4.0 539 19.0 1250 regression sum of squares = 27.50
12.0 10.84 120 913 12.0 8.15 8.0 556 residual sum of squares of Y = 13.75
70 482 70 726 70 642 80 79 correlation coefficient = .82
50 5.68 50 474 50 573 8.0 6.89 2 = 67

Figure: From Anscombe (1973), "Graphs in Statistical Analysis" via VDQI (page 13)
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Anscombe
1 11
10 ° °
5 ° . . ‘
10 20
111 . v .
-’.. i

Figure: From Anscombe (1973), "Graphs in Statistical Analysis" via VDQI (page 14)
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Scales

Multiple Y-Scales

T T T T T T T
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AN 3
Vi ‘\ —fes0
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—.010 e s/ \
H g TTesL \ —{s50
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g —00sf- G ——164
< ~- —{450
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£ —.002[- London Stock Prices 4563
3 \ —{as0
Normal - ——152
+.002 L \ s
[ [ I L

L
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

SoLAR RADIATION AND STOCK PRICES

A. New York stock prices (Barron’s average). B. Solar Radiation, inverted,
and C. London stock prices, all by months, 1929 (after Garcia-Mata and
Shaffner) .

Figure: From Dewey & Dakin (1947), "Cycles: The science of prediction”, p. 144 via
VDQI (page 15)



Effectiveness
©00000000000

Graphical Integrity

Graphical Integrity

Graphical Integrity

The ability of a graph to provide a visual representation that is
consistent with an underlying numerical representation that
accurately represents the world.

Peculiarities of human perception should be taken into account
and accommodated rather than exploited. For example,
perceived area of a circle = (actual area)* where x = .8 £ .3.
Solution: clear labeling.
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Graphical Integrity

Lie Factor

size of effect shown in graphic

Lie Factor =
size of effect in data

Acceptable between .95 and 1.05.
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Graphical Integrity

Exercise

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation
Department. In miles per gallon.

Figure: Adapted from New York Times, August 9 1978, p. D-2 via VDQI (page 57)
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Graphical Integrity

Exercise

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
24 Department. In miles per gallon.

This line, representing 27.5 miles per
gallon in 198s, is 5.3 inches long.

Figure: From New York Times, August 9 1978, p. D-2 via VDQI (page 57) Lie
factor: 14.8 or 111
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Graphical Integrity

Design and Data Variation

Nobel Prizes Awarded in Science, Nobel Prizes Awarded in Science,
for Selected Countries, 1901-1974 for Selected Countries, 1901-1980

(Number of Prizes) (Number of Prizes)
30 30

2% - 25 1
United States United States
20 — 20 —
15 15 -
United Kingdom United Kingdom
. A . PR R RPN
LR
10 10

0 0
1901- 1911- 1921- 1931- 1941- 1961-  1961- 1971- 1901- 1911- 1921- 1931- 1941- 1951- 1961- 1971-
1910 1920 1930 1940 1950 1960 1970 1974 1910 1920 1930 1840 1950 1960 1970 1980

Figure: From National Science Foundation, Science Indicators, 1976 (Washington
D.C., 1976) via VDQI (page 60)
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Graphical Integrity

2-D representation of 1-D data

THE SHRINKING FAMILY DOCTOR

In California
Percentage of Doctors Devoted Solely to Family Practice

1975 1990
16.0%

1: 2,247 RATIO T0 POPULATION
8,023 Doctors

Figure: From Los Angeles Times, August 5 1979, p. 3 via VDQI (page 69) Lie factor:
2.8
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Graphical Integrity

3-D representation of 1-D data

'INTHEBARREL...
Price per bbl. of
_light crude, leaving

“Saudi Arabia

Figure: From Time, April 9 1979, p. 57 via VDQI (page 62) Lie factor: 9.4 or 59.4



Effectiveness
0000000e0000

Graphical Integrity

Money

107 $108

New York State

Total Budget Expenditures and
Aid to Localities i biions of doliars
Fiscal 1966-1976

Total Budget —»

Total Aidto —»
Localities*

*Varying from 3 low

of 56.7 percent of
the total in 1970-71
10 a high of 60.7
percentin 1972-73 1986- 67- B8- 69 10- n- T2 - - 75 76
67 68 69 70 n 7 el ‘7 il % n
1 T

Estimated  Recommended

Figure: From New York Times, February 1 1976, p. IV-6 via VDQI (page 66)
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Graphical Integrity

Correct for inflation and other factors

Per capita
budget expenditures,
in constant dollars

$400 = s PO

$380 - / ——————————————————————————————————— o .-

$360 -
$340 -

$320 - /////

$300 -

1 | | | 1 I 1 i 1 1 |

1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

Figure: From VDQI (page 68)

[5%
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Graphical Integrity

Context

325 «  Before stricter 325 . Connecticut Traffic Deaths,
enforcement Before (1955) and After (1956)
Stricter Enforcement by the Police
300 | Against Cars Exceeding Speed limit

T JAVAVAVAY

275 b .
300
* .
/\
250 . e N
.
*  After stricter . R
enforcement 225 - \
275 1 L 1 1 1 1 1 1 1 J e
1955 1956 1951 1953 1955 1957 1959

Figure: From Campbell & Ross (1970), "The Connecticut Crackdown on Speeding:
Time Series Data in Quasi-Experimental Analysis" via VDQI (page 74)
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Graphical Integrity

Context

Traffic Deaths per 100,000
Persons in Connecticut,
Massachusetts, Rhode Island,
and New York, 1951-1959

N /o

*~~~.. New York

12
/.‘
/ \\
N Massachusetts

-~ g .
10 i / \ ., Connecticut

« Rhode Island

\ ’
’ \ P
LSRN / \ -
- N
8 . o/
N
1951 1953 1955 1957 1959

Figure: From Campbell & Ross (1970), "The Connecticut Crackdown on Speeding:
Time Series Data in Quasi-Experimental Analysis" via VDQI (page 75)
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Graphical Integrity

Numbers have order and magnitude

Comparative Annual Cost per Capita for care of Insane in
Pittsburgh City Homes and Pennsylvania State Hospitals.

213 214

$147

Figure: From Pittsburgh Civic Commission (1911), "Report on Expenditures of the
Department of Charities" and Pravda, May 24 1982 p.2 via VDQI (page 55 and 76)
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Truncated Y-Axis

IF BUSH TAX CUTS EXPIRE

TOP STORIES [ TECHNOLOG!

Figure: Via Parikh @ Gizmodo.



http://gizmodo.com/how-to-lie-with-data-visualization-1563576606

Common mistakes
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Different Y-Axis

Same Data, Different Y-Axis

Interest Rates Interest Rates
3.154% 3.50%
3.152% 3.00%
3.150% 2.50%
3.148% 2.00%
3.146% 1.50%
3.144% 1.00%
3.142% I 0.50%
2120% M I 0.00%
2008 2009 2010 2011 2012 2008 2009 2010 2011 2012

Figure: From Parikh @ Gizmodo.
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Different Y-Axis

Length of 1
Conventi

atks at the Republican and Democratic National

nd Democratic National as delivered

marks at the Republi
as prepared for delivery

P 5000
400 W Words el
_— 5000
e 4000
B . I I H
2000 . 0

v Am Rep.  GouMit  Fist Pres Bil AR Rep.  Gov Mitt  First Pres. Bil

Chis  Romney  Paul  Romney  Lady  Cinton Chis  Romney  Paul  Fomney Lady Clinton

Chistie Ryan Michelle Chistie Ryan Michelle

Obara Obama

Figure: From CIiff @ Washington Post.



http://www.washingtonpost.com/blogs/wonkblog/wp/2012/09/06/bill-clintons-speech-in-graphs/

Different Order

Dot Piot of 2010 Revenues

Tosm w1 M X M m o

Datars [bilions)

a0

Common mistakes
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Dot Plat of 2010 Profits

¢ 6 0w oW om oa
Dosars {bikons}

Figure: Via Robbins @ Forbes.



http://www.forbes.com/sites/naomirobbins/2012/09/06/bill-clintons-speech-in-misleading-graphs/

Common mistakes
[elejele] lelele}

Different Order

e 1] i s
Tobasco cimsh recwipts by reghos, 19 Hajor inbmsco-growing regions
e regere
- LY
e
"

Fahmei
i

L [ rampted Mo,
Jdy,

gt rwi P [
L] Lo

Snarre Camraem w [ aey ) s o
e S e g

Figure: Via Robbins @ Forbes.
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Common mistakes
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Poorly used cumulative graph

Cumulative Annual Revenue Annual Revenue

Figure: From Parikh @ Gizmodo.
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lgnoring conventions and expectations

Gun deaths in Florida

Number of murders committed using firearms
0

200
2005

Florida enacted
its ‘Stand Your

400
Ground’ law

600

800

873

1,000 1990 T 20005 T2010s

Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 L9 REUTERS

Figure: Via Parikh @ Gizmodo.
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Common mistakes
0O000000e

@ Poorly used colors.

@ "Creative" use of percentages.
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Data-Ink

Data-Ink

Data-ink is the non-erasable core of a graphic; the non-redundant
ink arranged in response to variation in the numbers presented.




Data-Ink

Data-Ink Ratio

Data-ink ratio =

Efficiency
0®00000000000

data-ink
total ink used to print the graphic
proportion of a graphic's ink devoted
to the non-redundant display of data-information

1.0 — proportion of a graphic that can be erased

without loss of data-information.
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Data-Ink

Examples

Data-Ink
@ Lines in a line graph, bars in a bar graph, dots in a scatter plot, etc.
@ Labels
@ Data values
Non-Data-Ink
@ Axes
@ Ticks
@ Grid lines

@ Decorations
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Data-Ink

Maximize Data-Ink-Ratio

@ Depict more data
@ Erase non-data-ink

@ Erase redundant data-ink

Within reason!



Data-Ink

Exercise

Efficiency
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151
150
125 17
100

78 |
75 !
o | a3 |55
=T I
251 5 1 E | :ﬁ:

Figure: See VDQI (page 96 and 126-128)

How can we increase the data-ink-ratio?
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Data-Ink

Exercise 2

1
*

N
—
—T
—

3
—

sc[—F-%
we 3
sc[ 3%

ne

:
:

Figure: From Kuznicki & McCutcheon (1979) via VDQI (page 100)



Data-Ink

Exercise 2

Gl LIl cLbot
QMWMn=i%ddw+thhh
ELL%? L) ELLgh

Figure: From VDQI (page 102)
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Data-Ink

Sparklines

WMWWmW\M/\/V WA
Pt pavsnea| w70

N Ade?™ " M‘«\W#N

mmqvw WMWW%WWW
i S gt

% W sln/,‘{,,ww«f\v P

AN VAN g A T

Figure: From Kooi (1971), "Fundamentals of Electroencephalography" via VDQI
(page 93)
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Data-Ink

Boxplots

maximum —|— ‘

3rd quartile

median - ‘

1st quartile

minimum

Figure: After VDQI (page 123-125)



Data-Ink

Efficiency
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Range-Frame

10.0

- = 10.0
L 8.0
- 6.0
L 4.0
NP T IUUNENEN PRI SIS ANEFETIS STETTEN AVESrSS S ST ETRTET IR TR

1996 1998 " 2000 2002 2004 2006

Figure: From VDQI (page 132)
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Data-Ink

Range-Frame
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Figure: From VDQI (page 130-132)
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Data-Ink

Dot-Dash-Plot
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Figure: From VDQI (page 133)
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Data-Ink

Distribution on axes

RESOLUTION
CELL

TIME (Msec)

125 kHz
11.5MHz
FREQUENCY

Figure: From Hawkins & Rickett (1975), "Pulsar Signal Processing", p. 108 via
VDQI (page 134)
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Data Density

Data Density

number of entries in data matrix

data density of a graphic =
y grap area of data graphic
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Data Density

Maximize Data Density

@ Depict more data
@ Shrink the graphic

@ Use multifunctioning graphical elements

Within reason!
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Data Density

Small Multiples

‘g (-G & & &

Figure: From video based on McRae, Goodin & Seinfeld (1982), "Development of a
Second-Generation Mathematical Model for Urban Air Pollution" via VDQI (page 170)
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Multifunctioning Graphical Elements

Multifunctioning Graphical Elements

Mobilize every graphical element, perhaps several times over, to
show the data.
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Multifunctioning Graphical Elements

Stem-and-leaf display

Example (S&L display 1)

A stem-and-leaf display let's you show 312337

fairly detailed distribution information in PG PRI

airly detailed distribu 112244456888899
the shape of a histogram. 0169

Example (Data)

37, 33, 33, 32, 29, 28, 28, 23, 3|7

22, 22, 22, 21, 21, 21, 20, 20, 31233

19, 19, 18, 18, 18, 18, 16, 15, 21889

14, 14, 14, 12, 12, 9, 6 21001112223

1156888899
Example from Lane @ OnlineStatBook. 1|22444

0169



http://onlinestatbook.com/2/graphing_distributions/stem.html
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Multifunctioning Graphical Elements

Number Plots

052 3
5 025 5

78 004 8
00 P03 0 210111213 4415

Figure: From stylesheet of the Journal of the American Statistical Association (left)
and VDQI (page 150-151)
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Figure: From what-when-how


http://what-when-how.com/graphics-and-guis-with-matlab/elementary-3-d-plotting-plotting-in-three-dimensions-matlab-part-3/

Efficiency

Multifunctioning Graphical Elements

Chernoff Faces

X

Figure: From Wainer & Thissen (1981), "Graphical Data Analysis" via VDQI (page
142)

See also Chernoff (1973), "The Use of Faces to Represent Points in k-Dimensional
Space Graphically" and Wikipedia.


http://en.wikipedia.org/wiki/Chernoff_face
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