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Scott Spencer | Columbia University



course overview, learn to drive change using data visuals and narrative

The greatest value of a picture is
when it forces us to notice what
we never expected to see.

John W Tukey, mathematician
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general course deliverable timeline

Individual Work Group work

For learning data visualization For building graphics and narrative
and written narrative techniques into interactive communications
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next deliverable, homework two

Individual Work

For learning data visualization
and written narrative techniques

Homework 1 Homework 3
graphics writing
10% 10%

Homework 4 Proposal
graphics
10% 15%

Interactive Communication

20%

Multimodal communication

15%

1 ScottSpencer/ ¢) oo

€ scott.spencer@columbia.edu



https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu

review homework 1



encoding data as color



data encodings, visual channels for encoding data
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encoding data as color, encode data using color spaces, which are mathematical models

(0, 0, 255)

Green
(0, 255, 0)

Scott Spencer / ()

Hue

Chroma

Luminance

8

wavelength (1)
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encoding data as color, how can we map data to light, whether using its hue, chroma, or luminance?
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perceived brightness is nonlinear function of luminance

LUMINANCE : the measured amount of light coming from some region of space.

BRIGHTNESS : the perceived amount of light coming from that region of space.
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visual perception of arithmetical progression depends on physical geometric progression

\‘

\\\\\ =T
A S
-

THIS PHYSICAL FACT REDUCES TO THIS PSYCHOLOGICAL EFFECT

0o

%//A%,%/ 2

\ NN
\\ ‘ DA
LM DMAANANN

THIS PHYSICAL FACT PRODUCES THIS PSYCHOLOGICAL EFFECT

8

Scott Spencer / ()


https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu

color, HSL colorspace is intuitive, but not perceptually uniform in each attribute

Same luminance or lightness?

HSL(250, 100, 100)

HSL( 60, 100, 100)

Scott Spencer / €) @)

12


https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu

color, HSL colorspace is intuitive, but not perceptually uniform in each attribute

Same saturation?

HSL(0, 30, 40)

HSL(0, 30, 90)

Scott Spencer / €) @)
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color, HSL colorspace is intuitive, but not perceptually uniform in each attribute

Equal difference between hues?

HSL(30, 100, 100)

HSL (230, 100, 100)

HSL(50, 100, 100)

HSL(250, 100, 100)

Scott Spencer / €) @)
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color, example encoding data into hue, saturation, and luminance

default conversion HSL colorspace to RGB

Hue
0 25 50 75 100
30

0 25 20 75 100
50
100
80
60
40
20
250
100
80
60
40
20
0
0 20 40 60 80 100

230
0 20 40 60 80 100

Luminance

o

Saturation

Scott Spencer / ()
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as with luminance, hue values in the RGB color space fail to uniformly compare across values
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perceptually uniform color spaces have been created — CIELuv — but it isn’t intuitive like HSL

light

dark

Scott Spencer / ()

The International Commission on
[llumination (CIE) studied human
perception and re-mapped color
into a space where we perceive
color changes uniformly.

Their CIELuv color model has two
dimensions — u and v — that
represent color scales from red to
green and yellow to blue.
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color, example encoding data as perceptually uniform color attributes: R - ggplot2 - HSLuv

library(HSLuv)

df <- expand.grid(H

L

library(scales)

df <- df %>%
mutate(H =

S =

L =

rescale(H, from
rescale(S, from
rescale(L, from

c(308, 50, 230, 250),
S = seq(@, 100, by = 10)
seq(©, 100, by = 10)

c(0, 360), to
c(0, 100), to
c(0, 100), to

@
N\ /N
O

-

O

-

O

-

360) ),
100) ),
100) ))
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ggplot(df) +

facet_wrap(~ H ) +

scale_x_continuous(
name = 'Luminance’,
breaks = seq(0, 100, by = 20),
expand = ¢(0,0),
sec.axils =

sec_axis(~.,

scale_y_continuous(
name = 'Saturation’,

breaks = seq(0, 100, by

expand = ¢c(0,0)) +

scale_fill_identity() +

geom_raster(

mapplng =
X = L,
y =3

aes(

name =

20),

fill = hsluv_hex(H, S, L)),

)

8

'Hue')) +
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color, example encoding data into hue, saturation, and luminance

default conversion HSL colorspace to RGB perceptually uniform conversion HSLuv colorspace to RGB
Hue Hue
0 25 50 75 100 0 25 50 75 100 0 25 50 75 100 0 25 50 75 100
30 50

100 100

80 80

60 60

40 40

20 | 20
g 0 g 0
s s

250

100
80
60
40
20
0

0 20 40 60 80 100

230
0 20 40 60 80

100 100 0 20 40 60 80 100
Luminance Luminance
Scott Spencer / ) @ 19
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color, perceptually uniform color spaces better represent changes in quantity
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color, perceptually uniform color spaces also help in distinguishing categorical data
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encoding as color, layering — transparency (alpha) of monochromes can help us reason about the density of overlapping shapes

fill = "#000000"
alpha = 0.4

Scott Spencer / ) @) 22
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encoding as color, layering — transparency (alpha) of monochromes can help us reason about the density of overlapping shapes

X <- rnorm(1000)
y <- rnorm(1000)

"black”
0.2

color
alpha

Scott Spencer / ()

8

dense areas of
data are darker
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color
alpha

color
alpha

layering — data encoded in semi-transparent hues, if overlapping, are affected by transparency!

"orange"
0.4

"dodgerblue”
0.4

Scott Spencer / ()

I didrn’t encode
data with
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interaction of color
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25

Iso Actual Luminance distribution

/—\
q Percelived Luminance distribution

Our comparative perception causes interpretation errors

27
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s. We see compa

25

Iso Actual Luminance distribution

/—\
q Percelived Luminance distribution

Our comparative perception causes interpretation errors
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background and adjacent luminance can interfere witl
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color, background and adjacent luminance can interfere with our perception

8

Scott Spencer / ()
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color, high foreground to background luminance contrast enhances shape, lower contrast enhances grayscale

€

>

Scott Spencer / ) k
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interaction of color, one color appearing as two

0 ScottSpencer/ €) oo

€ scott.spencer@columbia.edu
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interaction of color, two different colors look alike

Scott Spencer / ()

8
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interaction of color, vibrating boundaries, occurs with contrasting hues of similar luminance

8
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experimentation with vibrating boundaries to focus attention
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group work — color encoding “research”



design mini-review



aligning and organizing information reduces cognitive load — gridls
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aligning and organizing information reduces cognitive load —
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aligning and organizing information reduces cognitive load —

Proximity ¢ ¢ ¢ °* °
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aligning and organizing information reduces cognitive load —

Proximity ¢ ¢ ¢ ¢ °

Similarity eeeee e
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design mini-review | aligning and organizing information reduces cognitive load — closure

Proximity ¢ ¢ ° °* °

Similarity cececee

Enclosure ©* & o o o
[ ] [ ] [ ] [ ] [ ]

Closure Q

8
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aligning and organizing information reduces cognitive load — continuity

Proximity ¢ ¢ ¢ ¢ °

Slmllarlty o0 00000

Enclosure °©* & o o o
[ ] [ ] [ ] [ ] [ ]
[ ] [ } [} [ ]

Closure <\

Continuity "\ /
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aligning and organizing information reduces cognitive load —

Proximity ¢ ¢ ¢ ¢ °

Similarity eeeee e

Enclosure °©* & o o o
[ ] [ ] [ ] [ ] [ ]

Closure C\

Continuity Y\ /

]
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design mini-review | purposeful change of a visual channel can focus attention —

Scott Spencer / ()
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purposeful change of a visual channel can focus attention —

L 1 1 1 1 Orientation
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purposeful change of a visual channel can focus attention —

Orientation

Shape
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O000K 0000
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purposeful change of a visual channel can focus attention —

Orientation

Shape

OO0OO0O00O000O0
OO0OO0O00O000O0
OO0OO0O00O000O0
O000K 0000

OO0OO0O00O000O0

Luminance
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purposeful change of a visual channel can focus attention —

Orientation
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purposeful change of a visual channel can focus attention —

Orientation

Shape

OO0OO0O00O000O0
OO0OO0O00O000O0
OO0OO0O00O000O0
O000K 0000
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Luminance

Size
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design mini-review

Proximity ¢ ¢ ¢ ¢ ¢
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?
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Similarity eceecoce % fairly steady growth (averaging +3% per increased markedly in February, when a new 5 o o o o Shape
cececce — month). There was a nearly 20% decrease study was released. Total sales have increased D
cecsecee —J $3.0 in July, when Product X was recalled and steadily since then and this is projected to continue. °c s 9 900
o0 ' pulled from the market. Total sales remained  The latest forecast is for $2.4B in monthly sales by © 9 0 0 0
(% at reduced volume for the rest of the year. the end of the year. ©o o 0o 0 O©
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?

Proximity

Time to fill role discussion needed: where do we go from here?

Both External and Internal time to fill have varied in the past year. Understanding contributing
factors—number of interviews, vacation schedules, and current internal transfer volume

Similarity seeccec°- constraints—can help us better plan for the future.

Time to fill
n 90 External time to fill increased External time to fill varied markedly in the second half of
é steadily in the first half of the year, the year, above goal in Sep & Nov. Months with lower time to
Q 3o rising above goal in June at more than fill had fewer number of interviews per candidate, while longer
3 60 days. This was largely the result of  time to fill months had more interviews. Interviewer
e o o o o E increasing number of interviews per vacation schedules Ilkely also played a part
Enclosure ©p—: @ o 071 candidate.
ole o|c o -
o |o o |0 o L 60 GOAL
c o o o s =
[ ] [ [ ] [ ] [ ] }_
50
40 Internal
External
30

Closure 20 Internal time to fill consistently beat goal, with general increase
in recent months. Months having lower internal time to fill coincide

| with those having fewer internal candidates placed. Time delays are
10 experienced when there are more internal applicants. Further

research is needed to better understand and remedy.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2019
Continuity J

LET'S DISCUSS: Should we put stricter guidelines around maximum number of interviews?
How can we keep vacation schedules from impacting time to hire? What can we do to improve
efficiency of internal transfer process in order to better handle higher volumes?

Connection I I
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?
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comparing visually-encoded data



necessary for meaning

The idea of comparison is crucial. To make a point that is at all
meaningful, statistical presentations must refer to differences between
observation and expectation, or differences among observations.

The fundamental analytical act in statistical reasoning is to answer the
question ‘Compared with what?’
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general channel effectiveness, comparing encoded data

ratio, interval, and ordered categorical
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comparing encoded data — discuss

Increase ———

Property crime rate change
«——— Decrease

Increases in property crime,
but violent crime decreases
Glendale, Salinas and Oceanside reported
increases in property crime, defined as burglary
and theft of property. ErirErs
San Francisco
Salinas
More violent and property crime
Glendale San Francisco saw jumps in the rate of every crime
Oceanside category, except murder, between 2012 and 2013.
Theft of personal property rose by 27% and rapes
Chula Vista by 47%.
San Diego
Hayward Lancaster
Stockton \ \
Los Angel ~
0S Angeles Palmdale Riverside
. o California change
Anaheim Bakersfield T
Fremont
Long Beach >
Moreno Irvine
Santa Rosa ~ \Valley
Fontana ) 'Sacramento San Bernardino Huntington Beach
Ontario : San Jose Modesto
Pomona . Fresno
rove Rancho Cucamonga
Santa Clarita* Santa Ana
Garden Grove
Corona
Increases in violent crime,
Reduced violent and property crime rate but property crime decreases
Oakland and Stockton have among California’s worst violent crime Huntington Beach’s increased violent crime rate
rates, as shown in the large circles, but reported improvements was worsened largely by a jump in robberies, 83
between 2012 and 2013. in 2012, which grew to 100 a year later.
-30% -20 -10 0 +10 +20 +30
@
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Oakland reported 8,210 incidents of crime per 100,000 people in 2013.

Irvine had 1,441.

Violent crime rate change
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general channel effectiveness, comparing encoded data — discuss
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general channel effectiveness, comparing encoded data — discuss
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