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Next assignment

« Data visualization exercise
« Show me don't tell me

* ] tried to make the source data as irrelevant as
possible, there is no deep meaning

* Your argument is not all that critical, supporting
it with visualization(s) is

« Obviously: don’t screw up technical details like
axis labels and units.
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Thursday

* You have options.
« Continue with last mini-experiment
Do another mini-experiment
« Machine shop tour and demonstration

* Sign up on your way out
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Data analysis

« | assume you remember uncertainty
propagation and the like

I have reading material if you want it

« Data analysis we’ll learn as we go with real
examples. You will also learn this in practice.

« Data visualization is something else, and you
are far less likely to see this elsewhere
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Main source material

 Franconeri, S. L., Padilla, L. M., Shah, P., Zacks, J. M., &
Hullman, J. (2021). The science of visual data

communication: What works. Psychological Science in
the Public Interest, 22(3), 110-161.

* Figures used are from this unless noted.

THE UNIVERSITY OF

ALABAMA



https://doi.org/10.1177%2F15291006211051956

Why

 Effective visualization aids understanding
* ‘picture is worth 1000 words’

« Poor visualization can cause confusion,
misunderstanding, and distrust

« How to do it right?
 What are some good and bad practices?
« This is an entire field of study
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Importance

« Evidence-based policy communication often done with
heavy reliance on visualizations

« Any data-driven field relies on visualization to reduce
data and find patterns

* Low graphical literacy and poor design lead to a
struggle to understand

« Easy to mislead, intentionally or not
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Fuzzy aspects

» Psychology - color has connotation. Red is alarming!
 Working memory limits the complexity you can use
 If you make it hard for the reader, they move on

» Translating visual to underlying concept

« Why do some visualizations seem more trustworthy?
 How to properly communicate uncertainty?

» Misleading charts for fun and profit, how is it done?
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Looking beyond summary statistics

¥ . X y X y X ¥y
10 804 10 9.14 10 7.46 8 658
8 695 8 8.14 8 6.77 8 576 Stats are the same,
13 758 13 8.74 13 1274 8 7.1 including linear trendline
9 881 9 8.77 9 7.1 8 884
11 833 11 9.26 1 781 8 847 , .
14 996 14 8.10 14 884 8 7.4 That’s good, right?
6 7.24 6 6.13 6 6.08 8 525
4 426 4 310 4 539 19 12.50
12 10.84 12 913 12 815 8 556
7 482 7 7.26 7 642 8 791
5 568 5 4.74 5 573 8 6.89 Let’s have a look.
Mean 9.00 750 9.00 7.50 900 750 900 750
Stdev 332 203 332 2.03 332 203 332 203
R 0.82 R 0.82 R 082 R 082
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Oops we over-reduced the data

) X y A X y
10 8.04 10 9.14 10 7.46 8 6.58
8 6.95 8 8.14 8 6.77 8 5.76
13 7.58 13 8.74 13 1274 8 .M
9 881 9 8.77 9 71 8 884
11 833 11 9.26 11 781 8 847
14 996 14 8.10 14 884 8 7.04
6 724 6 6.13 6 6.08 8 525
4 426 4 3.10 4 539 19 12.50
12 10.84 12 9.13 12 8.15 8 5.56
7 482 7726 7 642 8 791
5 568 5474 5 573 8 6.89
Mean 9.00 7.50 9.00 7.50 9.00 7.50 9.00 7.50
Stdev 3.32 2.03 3.32 203 332 203 332 203
R 082 R 0.82 R 082 R 082

' ////'
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More subtle than it looks

J Anscombe’s Quartet x Unstructured Quartet
Each dataset has the same summary statistics (mean, standard deviation, Each dataset here also has the same summary statistics. However,
correlation), and the datasets are clearly different, and visually distinct. they are not clearly different or visually distinct.
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Something has gone terribly wrong

Iteration: 1 Iteration: 20,000 Iteration: 80,000 Iteration: 200,000
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Figure 6. Creating a collection of datasets based on the
“dinosaurus” dataset. Each dataset has the same summary
statistics to two decimal places: (x =54.26, y = 47.83, sdx =
16.76, sdy = 26.93, Pearson’s r = -0.06).
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(video 1)

Same Stats, Different Graphs:

Generating Datasets with Varied Appearance and ldentical
Statistics through Simulated Annealing

Justin Matejka A AUTODESK.

George Fitzmaurice ~ RESEARCH
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(video 2)

Same Stats, Different Graphs:

Generating Datasets with Varied Appearance and ldentical
Statistics through Simulated Annealing
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How to design accurate visualizations

« How to precisely convey numeric values?
« E.g., 1:7 ratio between two numbers

« state numbers: no problem, but does not scale

 Position is ok - lines

« Area is hard — mix up linear dimension & are
« slope is hard to map mentally to a number

« Intensity is basically useless here

d
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Visual estimation of the 1:7
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Position wins for precision

« Leads to prioritization of 2D space

 If you have a list of numbers vertically, what to
do with horizontal space?

« E.g., run data vertically, use horizontal position to
group by categories

» Plenty of ways to mislead ...
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Common lllusions That Distort
- | Data

- - Caveats for the visual encoding in
Common distortions eachrow

Use caution with nonzero

99 99 axes: Viewers tend to
o] overestimate differences...
o8 o o8 even when the nonzero base
is marked, as in the
Broken axes are a no-no L m

examples at left.

Stacked bar graphs: highlighting sutogv: s onbsn

position-coded = more precise perception.

differences or totals? Eg;g‘:;ﬁg;;gggﬁgghf;
Mapping to /length or area?

but the differences are only visible
across the black bars.

» Vertical shifts o g e
- Intensity is background-dependent 2“5::;}'_‘;@ oo

The difference is larger for the lighter

segments compared with the darker
ones, right?
That is an illusion—the differences are
— identical.

Intensity values can look
] different depending their
backgrounds.

Do not plot .
intensities on intensities.



Timely example

Not debating conclusion

While the Price of Crude Oil Has Declined by
Around 20% Since Mid-June, the Price of Gas
at the Pump Has Only Dropped by 8%

What is wrong with the figure?

WTT* vs. Retail Gas Prices

WTI Retail Gasoline Prices

If both mostly decrease, you can

e el always rescale them to match.
133 v \54.70148 y

% Look what happens when we

$95

1.0 oo - 210 normalize scales:

T T 1
6/7 6/14 6/21 6/28 7/5 7/12

Source: Data from CME and AAA via Haver
*WTI stands for West Texas Intermediate, a benchmark used to refer to the spot price of oil
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And more

Vision Is Powerful for Global Vision Is Sluggish for

Statistics Comparisons
For each visualization, statistics Isolating pairs with “larger So guide viewers to
are available quickly second values” is tough... the right comparisons
Dot Plot 2 i
u Tool: Shortcut comparisons by adding
@ © | Maxheight direct depictions of the deltas, as
© © © = Meanheight below
[¢] —— Min height T T ? A% g . 2
“abcdef a b c d e f g ! |
Stacked Bar Max
#
Min i
\Il||| ke {1 [0
! n Mean length I I T T
of dark bars ?
abcdef a b ¢ d e f a b c d e f
“a, ¢, & e have increased”
Tool: Highlight and annotate the right
Bubble Map comparisons for your viewers, as
‘ o Mean o0 OO oo above.
Q. Owee 0o Qo0 Os o
g h;in @ « Tool: You and your viewers will
‘ a b ¢ d e f (generally) compare values that
(a) are close together or
connected and
Slope Graph Max (b) have similar colors,
Mean AT in that priority order.
// / Nioks '
4 2 — Min a b c d e f
For color heat maps,
Heat Map Mean Intensity depict deltas as
blue (+) & red (-)
HHEREE
Min Max a b c d e f [green/red is unsafe

for colorblindness]



Mapping to visual and back again

« Perceptual illusions can cause visual data to be
misinterpreted

» Misinterpretation maps back to quantitative picture for
viewer incorrectly

o If two plotted values have a 1:7 ratio, then the
visualization should cause a typical viewer to see that
1:7 ratio vertically.
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Scaling

The Difficulty of Mapping Numbers to Visual Channels in Honest Ways

24 (| 22
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20.8

204 [ {l B Fy
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Stretching the y-axis scale of the left graph drastically increases the slope
of the perceived trend at right, which feels dishonest.
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This happens a lot. OBAMACARE ENROLLMENT

Especially with bar graphs ...

The same axis stretch in a bar graph, from
a real-world example.
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And again ,
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Here, taking a small visual increase (left) and stretching it (right) is the “honest” This color mapping similarly amplifies a
way to show climate-change data. relatively small temperature increase.
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Length vs area

« Values may be encoded by 1D length,
producing a 1:2 ratio

 However, you might find that your estimate of

t
t

ne depicted values is determined instead by

ne area taken up

« This leads to something closer to a 1:4 ratio
(or even a 1:16 ratio, if the icons suggest 3D)
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A Set of Common Visual Confusions, lllusions, and Distortions

Year 2

In these examples, linear increases in height or radius
suggest the square of that increase.

@ &

The same data are displayed with two color mappings,
revealing how color-category boundaries can bias
value perception.

10000
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350

300

250

200

150

100

50 ,

0 5 10 15 20 0 50 100 150 200 250 300 350 400 450 500
The difference between these Combining two data dimensions in a
lines is constant, yet an scatterplot can make recovery
illusion suggests that the tougher for either alone.

difference decreases.
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The use of color

« Can someone who is color blind still get the message?
« How about someone printing in black & white?
* Did you use color strategically, or because you could?

 Differentiating is easier if encoded colors are farther apart
in color space.

Easier to tell red from blue than from orange-red

» Accessible palettes have been developed
. for example

College of
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https://davidmathlogic.com/colorblind

What it looks like

* Double encoding can help

 But careful!

* Clever palette will make it a
(partly) moot point

« Safe palette is not easy with
a lot of lines, to be fair

Double
Encoding

Double
Encoding +
Color-Blindness-
Safe Color
Palette

Red-Blind

Normal - :
Vision Simulation
(Protanopia)
B @
® o ® ® o it
i @
© @
¢ ¢
* 0 * ¢ o ¢
* %
¢ &
¢ &
9
¢ 3
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Double encoding

 The shapes you use matter

 Redundant encoding does necessarily not improve efficiency
for those without color vision impairment

* May inadvertently use shape to signal additional variable
« Subtle is good - e.qg., filled vs open symbols
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Shape encoding

Fig. 6. The standard shape set for Microsoft Excel (left) compared with a perceptually spaced set (right; inspired by Huang, 2020). Try to
pick out the four instances of each shape in each display—you should find that task easier on the right side.
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What are you trying to see?

 Which student has a Test Scores
second bar that is lower %0
than the first? 4
« To find the answer, need %
to process each set of 20
bars individually, rather 0

than all at once.

» Slow to process!

« Basically you're running a
sorting algorithm ...

Audrey Adina Caitlyn Cindy Dian Kevin Nicole Steve Tina Will
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Look at the blue dots!

N

- If you ask people to SEER K1 B 4
complete a task comparing
blue dots, many will fail to RS % oEud®, @

see the dinosaur oF 2 g 180K,

N

A
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Adding visual cues for grouping

We live over here
most of the time

e

Organizing Comparisons With
More Grouping Cues Less
Powerful Powerful
Connecting Lines Position Hue Shape
Focusing within A,B Focusing within A,B Focusing within A,B
A North & @
South & East
East RS outh @
West [
B North & North
o @
- East
8§ § 5 & :
2 2 = West &)
Focusing within N,S,E,W Focusing within N,S,E,W Focusing within N,S,E,W
North North A @
B @]
West South A &
East B ®
East A (=]
B @
South West A %)
A B B &




Guide to the most useful comparison

Year Type Type Year

1962 Social Security |INEEG_——— ss:g:‘lw 2007 |
E—————— S . .
o — s 207 Top: color and proximity lead you to
Other = 1962 | . .
Ao Gov Pensions 2007 [N different comparisons
Priv. Pensions [N 1962 N
2007 social Security [N Priv. Pensions 2007
eamings [N 1962
g — o iy —— Same data, different emphasis
Assets — Other 2007 |
Priv. Pensions [N 1962 [N
0% 10% 20% 30% 0% 10% 20% 30%

Bottom: word cloud grouping is
menu home run weakly controlled by color at left,
waiter first base .. .
more strongly by proximity on right

speakers dishes dogble play
menu ‘n%rimm tgblecloth tablecloth  pitcher
touch double play bill batter
bo#ncgldn ll)bbflp rocession  fingers bounce diploma
pltC (+] § I gerS p palm net tassel
first balsg (;i]unh( s runba %étl:-ggt touch shoot speakers ~
ill clap NI PR Xﬁge&othciences
glove dunk procession =




Color highlighting

« Bar graph clearer

 Line graph given
better context

 Relevant for next
assignment?

One Student Got Worse

50

40

30

20

10

Audra Adina Caitlin Cindy

Unemployment is higher than stated goals

In 2008, the president promised unemployment rates under 8% before 2011.
Yet, in 2011, unemployment was stili at 9%

Unemployment
rate

10%

9%

2009 2010 201 2012

Dian Kevin Nicole Evan Tina  Will

Unemployment is higher than stated goals

Unemployment
rate
10%
Yet,in 2011,
unemployment
9% was still at 9%

B N L e e
In 2008, the president
promised unemployment
rates of 8% before 2011

7%

2009 2010 201 2012

hitp ZAvavecptionas.coniintimadd v’ 01 271 R Dusinss/aconconyyonaapan-ceang-paspaivas. il
¥ ¥ PVG-Pacy
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Viewer may lack relevant experience

Trends a story highlighted (left) vs what
untrained viewers highlighted as important

r—- f--‘ La00u
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United United

Date Date
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Can be set to good or evil

10% \

9% ——

8%

7%

2009 2012

10%

2

2009 2012
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Direct labeling beats legends

« Don’t tax working memory
» Gets harder from L to R

Direct Labeling Color Legend Shape Legend

i
2N

a b

c d
ox ol
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« What I did (1999) vs what I would do now
* Not bad, but the legend was pointless
« Subtle dual encoding was OK

1.0 - ® (uabove 1.0 -
O  Cu below

MR(d,) / MR(d= 0)
)
(@)
MR(d,) / MR(d = 0)
)
(@)

d., (nm)




Stupid things might help memory

« Same data. Which one are you going to
remember? (The journal will probably only take the middle one.)

 Cluttered, minimalist, pictorial
« Having a $5.00 graph won't help if you have $0.50 data

MONSTROUS COSTS MONSTROUS COSTS MONSTROUS COSTS
Total House and Senate Campaign Total Hou e Campaign Expenditur

Expenditures, in Millions ., 350
s

= 300
2

2 250
3

© 200

150

100

50 I I
0

1972 1974 1976 1978 1980 1982

1972 1974 1976 1978 19
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Think about your scheme

« Color, shape, etc. all encode information
 intentionally or not.

 This has an unclear schema
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Does your field do something special?

Intuitive Specialized

Time Series ., /v\g:
,., | i

mmw?‘;oc-mwm
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Dimensional 1
2
3
R Price Time

Hierarchy T
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¥ I Steve
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College of
Arts & Sciences

ey WS oumme ™™ s v I Work

System




Common confusions mapping to visuals

Common Confusions Caused by How Data Are Mapped to Visuals
Deaths over time

1950 1975 2000 2025
It can be confusing to map
increases downward

For light backgrounds, darker colors clearly map to
higher values. For dark backgrounds, it's not so clear.

Car maker
Honda

Fiat
Ford
Toyota

Height
Height

BMW

Italy

USA Germany  Japan 125 Ibs
It can be confusing to map nominal
values to magnitudes

150 Ibs U.S.

Dutch
The choice of graph can substantially influence
conclusions made from the same data



59.0 400

- - Carbon dioxide (CO,)
Graphical reasoning 585 ensins g o
compared with
T %80 8 temperature records,
& B confirming that
5 @ global temperature
. ’ ‘o % ®  and carbon dioxide
« Top: we've seen this! : D s
o 57.0 § g
56.5
« Bottom: only 1% of s -

1850 1900 1950 2000

middle school students
drew correct graph -
mixing t and x

100 meters

Gizelle trains on a field
that is 100 m long.

She sprints from a point
20 m distant from one
end of the field to the
other end of the field,
. ) takes a short rest,
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80- 80 to the start.
3 © 2 o D h
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Uncertainty is hard

e Left: 1.96 standard errors
 Middle: 1.96 standard deviations
« Right: as left but scale of middle

_ 16 | 130 T 140

g 1147 120 - g 130

£ 112 ] .“5

g z 2 110

o 108 1 < 100 - =

% 106 £ % 100 -

= 2 90 S

& 104 73 S 90

2 102- 80 - |

100 - i 70 70

Standard Special Standard Special Standard Special
Boulder Boulder Boulder Boulder Boulder Boulder
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Uncertainty is hard

« Dot is same distance from edge of bar in each case

* Most say point inside bar as being more likely to belong
to distribution

College of
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Cone of uncertainty

« This is not a cone of danger, but a cone containing
most predicted outcomes.

» Areas outside are not necessarily safe

« Resisting super obvious joke

College of
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If it is a distribution, maybe just show the distribution

« Bar & error bar chart probably misleading here
« Really need to see a representation of the distribution

Biden is slightly favored to win the election

We simulate the election 40,000 times to see who wins most often. The sample
of 100 outcomes below gives you a good idea of the range of scenarios our
maodel thinks is possible.

Trump wins Biden wins
T T T T T T L T T T T T 31 'n 100 69 'n 100
28 20 30 N 32 33 34 35 3B 37 38 239
Forecasted Night Time Low (°F) o
00202,88 20050 s
XN ......:... .0‘.. o
000007592 150% 000 40% 0 “0®
0200 %0007 0% 000 @)
oy RXR Y S
LAl D™ ......00
200

©O 0000000

T T Y Y T Y Y T T T () Tvump win @ Biden win
28 29 30 A 32 33 34 35 3B 3T 3 I
Forecasted Night Time Low (°F)
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Ways of encoding uncertainty

@ ‘ ‘ and Uncertainty Uncertainty Palette
| Low High  Low High
5 00 0 @ = =& =

Bivariate Map of Value  Value Suppressing

£
£
> @ @ @ © :
— ]
Location Size Color Color Color
Hue Value Saturation

D = A » @
o 0 < m 0 @
S ® © 0 0 G

Orientation Grain  Arrangement  Shape Fuzziness Transparency
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Reduced by X%

For people with symptoms of arterial disease, aspirin can reduce the risk of
having a stroke or heart attack by 13%.

Without aspirin
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Better way to frame frequency

Especially when “reduced by 13%” fails to
convey that it was already unlikely to start
with

WOW 13% SEEMS LIKE A LOT will be all
people hear if you’re not careful

A
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Tables

» Back to this when we get to writing
 Never use vertical rules (or grid)
« Forget double rules too

« Put units in the column heading, not table body
« Redundant repetition and waste of valuable space

» Table defaults are typically hideous.

College of
. Arts & Sciences




Good and bad

» Left example: hard to parse, vertical lines add nothing

gnats gram  $13.65 e
each 01 Animal Description  Price ($)
gnu stuffed  92.50 Gt gszhgram lg'g?
emu 33.33 Gnu stuffed 92.50
armadillo | frozen 8.99 Emu stuffed 33.33
Armadillo frozen 8.99

« Right example: much cleaner, lower cognitive load

College of
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Good and bad

XM A 3 3 A3 3 3 3 A3 3 A3 3 3 3 3
Train No. 3701]3301|3801 | 673803[3201| 51[3703|3807|3203| 61|3809] 47|3901|3811]3903|3813|3205| 3815|3817 3819 3207| 3821| 3823| 38253209 3827 3829|3831
mlAM|amiam]pm|pPm|pm
AMIAMIAM |AM |IAM |[AM |AM[AM|AM|AM|AM|AM|AM|[AM|AM[AM|AM|[AM|AM. AM|AM|AM]|A.
New York, N.Y. 1210k2.40] 130|252 4.50| 6.10| 6.25| 6.35| 6.50| 7.10| 7.30| 7.33| 7.45| 7.50| 8.05| 8.25 8.40| 8.50] 9.10| 9.40{10.10}10.25}10.40|11.10{11.40{11.50|12.10{12.40| 1.10
Newark, N.J. P 1204112.55]| 1.44 | 4.07 | 504| 6.24 | 6.38] 6.49| 7.04| 7.24[ 7.45] 7.47| 7.59 g,og 8.19] 8.39| 8.54| 9.04] 9.24| 9.54]10.24[10.39[10.54|11.24]11.54|12.04]12.24{12.54] 1.24
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Guidelines

* Viewers can visually extract broad statistics about data
in a display, e.g. mean and extrema, almost instantly

 Visualize your data (histograms, scatterplots, etc)
before trusting stats

« Watch out for common visual illusions and confusions
(not starting axes at zero, 1D vs 2D, color perception
issues)
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Guidelines

« Extracting global stats is fast, comparing subsets is
slow — use grouping cues

* Do it anyway, even if it seems obvious - you have a
‘curse of knowledge’ and know what to look for already

« Don’t tax working memory with legends, label directly if
you can and avoid animations
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Guidelines

 Know your audience and use forms they are used to

 (e.g., one admin who /oves cumulative distributions
and uses them well, but many in the audience don't
parse them at all)

 Beware common associations, like "up=more”
« Use a format that works with the message you have

« With a lay-audience: avoid error bars that can be
misinterpreted as a data range. Show discrete
outcomes
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Guidelines

* For lay audiences especially (but also in general)
rely on absolute instead of relative rates, or at least
include both

« Similarly — for low N frequencies (3 out of 10) may
be better than percentages (30%)

» Think really hard about that 2D plot with a color
map, does it convey quantitative information or just
look cool?
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Remaining time

 Visualization and analysis exercises overview

* I'm not going to rehash propagation of uncertainty and
stats unless you suggest I need to
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Resources

« https://doi.org/10.1177%2F15291006211051956
» https://dl.acm.org/doi/pdf/10.1145/3025453.3025912

 https://www.autodesk.com/research/publications/same
-stats-different-graphs

* https://flowingdata.com
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