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No one ever made a decision because 
of a number. They need a story. 


Daniel Kahneman, psychologist, 
behavioral economist, and author

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


John W Tukey, mathematician

“Data! Data! Data!” he cried 
impatiently. “I can’t make 
bricks without clay.”


Sherlock Holmes by Sir 
Arthur Conan Doyle, author

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



© 2021 Scott Spencer / https://ssp3nc3r.github.io scott.spencer@columbia.edu ￼7

VISUAL ELEMENTS SIGNIFYING PROPERTIES

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

Blue
(0, 0, 255)
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(255, 0, 0)
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(0, 255, 0)

Hue

Chroma

Luminance

wavelength (!)
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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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encoding data as color, 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.

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


© 2021 Scott Spencer / https://ssp3nc3r.github.io scott.spencer@columbia.edu ￼11

encoding data as color, visual perception of arithmetical progression depends on physical geometric progression
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color, HSL colorspace is intuitive, but not perceptually uniform in each attribute

Same luminance or lightness?

https://ssp3nc3r.github.io
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color, HSL colorspace is intuitive, but not perceptually uniform in each attribute

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

Equal difference between hues?
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color, example encoding data into hue, saturation, and luminance

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

The International Commission on 
Illumination (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.

https://ssp3nc3r.github.io
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color, example encoding data as perceptually uniform color attributes: R ・ ggplot2 ・ HSLuv

library(HSLuv)

Load functions for mapping data to perceptually-uniform color, 
from my R package: https://github.com/ssp3nc3r/hsluv-rcpp

df <- expand.grid(H = c(30, 50, 230, 250),

                  S = seq(0, 100, by = 10),

                  L = seq(0, 100, by = 10))

Create sample data encoded as hue, saturation, luminance

Plot data encoded as colors

ggplot(df) +

  

  facet_wrap(~ H ) +

  

  scale_x_continuous(

    name = 'Luminance',

    breaks = seq(0, 100, by = 20), 

    expand = c(0,0),

    sec.axis = sec_axis(~., name = 'Hue')) +

  

  scale_y_continuous(

    name = 'Saturation',

    breaks = seq(0, 100, by = 20), 

    expand = c(0,0)) + 

  

  scale_fill_identity() +

  

  geom_raster(

    mapping = aes(

      x = L, 

      y = S,

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

     )

Map or rescale your data values to valid range for the given  
the visual channel. This example data are already scaled to  
HSL ranges, so we don’t need to rescale:

library(scales)


df <- df %>%

  mutate(H = rescale(H, from = c(0, 360), to = c(0, 360) ),

         S = rescale(S, from = c(0, 100), to = c(0, 100) ),

         L = rescale(L, from = c(0, 100), to = c(0, 100) ))

—  data range  — —visual range—

https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu
https://github.com/ssp3nc3r/hsluv-rcpp
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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
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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

ggplot() + 

  theme_void() +

  coord_equal() +

  ggforce::geom_circle(

    mapping = aes(

      x0 = seq(from = 0, to = 1, length.out = 5), 

      y0 = c(0, .1, .2, .4, .8),

      r = 1),

    fill = "#000000", 

    alpha = 0.4)

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


ggplot() + 

  theme_void() +

  scale_x_continuous(limits = c(-5, 5)) +

  scale_y_continuous(limits = c(-5, 5)) +

  geom_point(

    mapping = aes(

      x = x, 

      y = y), 

    size = 4, 

    color = "black", 

    alpha = 0.2) dense areas of 

data are darker

https://ssp3nc3r.github.io
mailto:scott.spencer@columbia.edu
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encoding as color, layering — data encoded in semi-transparent hues, if overlapping, are affected by transparency!

ggplot() + 

  theme_void() +

  scale_x_continuous(limits = c(-5, 5)) +

  scale_y_continuous(limits = c(-5, 5)) +

  geom_point(

    mapping = aes(

      x = 0, 

      y = 0), 

    size = 50, 

    color = "orange", 

    alpha = 0.4) +

  geom_point(

    mapping = aes(

      x = 1, 

      y = 1), 

    size = 50, 

    color = "dodgerblue", 

    alpha = 0.4) 

I didn’t encode  
data with this color!?

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

Perceived Luminance distribution

Our comparative perception causes interpretation errors
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color, humans have evolved to see edge contrasts. We see comparative — not absolute — luminance value.
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Actual Luminance distribution

Perceived Luminance distribution

Our comparative perception causes interpretation errors
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color, humans have evolved to see edge contrasts. We see comparative — not absolute — luminance value.
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Actual Luminance distribution

Perceived Luminance distribution

Our comparative perception causes interpretation errors
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color, humans have evolved to see edge contrasts. We see comparative — not absolute — luminance value.
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color, background and adjacent luminance can interfere with our perception
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color, background and adjacent luminance can interfere with our perception
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color, high foreground to background luminance contrast enhances shape, lower contrast enhances grayscale
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interaction of color, one color appearing as two
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interaction of color, two different colors look alike
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interaction of color, vibrating boundaries, occurs with contrasting hues of similar luminance

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


© 2021 Scott Spencer / https://ssp3nc3r.github.io scott.spencer@columbia.edu ￼35

interaction of color, experimentation with vibrating boundaries to focus attention
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design mini-review | aligning and organizing information reduces cognitive load — grids
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design mini-review | aligning and organizing information reduces cognitive load — proximity

Proximity
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design mini-review | aligning and organizing information reduces cognitive load — similarity

Similarity

Proximity
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design mini-review | aligning and organizing information reduces cognitive load — enclosure

Enclosure
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Similarity

Proximity

Enclosure

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

Closure
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Similarity

Closure

Proximity

Enclosure

design mini-review | aligning and organizing information reduces cognitive load — continuity

Continuity
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Similarity

Closure

Proximity

Enclosure

design mini-review | aligning and organizing information reduces cognitive load — connection

Continuity

Connection
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Similarity

Connection

Closure

Proximity

Enclosure

design mini-review | purposeful change of a visual channel can focus attention — orientation
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design mini-review | purposeful change of a visual channel can focus attention — shape
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design mini-review | purposeful change of a visual channel can focus attention — luminance
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design mini-review | purposeful change of a visual channel can focus attention — size
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design mini-review | purposeful change of a visual channel can focus attention — hue
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design mini-review | purposeful change of a visual channel can focus attention — enclosure
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design mini-review

grids, Gestalt principles, and 
preattentive attributes may be combined
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?

￼52
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Example from: Knaflic, Cole Nussbaumer. Storytelling with Data: 
Let’s Practice! Hoboken, New Jersey: John Wiley & Sons, Inc, 2019.
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?
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Let’s Practice! Hoboken, New Jersey: John Wiley & Sons, Inc, 2019.
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design mini-review | what Gestalt principles are used in this data graphic? How is attention focused?
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Example from: Knaflic, Cole Nussbaumer. Storytelling with Data: 
Let’s Practice! Hoboken, New Jersey: John Wiley & Sons, Inc, 2019.
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comparison | 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.

— Abelson, Robert, Statistician, Professor

The fundamental analytical act in statistical reasoning is to answer the 
question ‘Compared with what?’

— Tufte, Edward, Statistician, Professor, Data Visualization Expert

￼56
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general channel effectiveness, comparing encoded data

more effective less effective

Hue

ratio, interval, and ordered categorical

more effective less effective

ShapeSaturation ***
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general channel effectiveness, comparing encoded data — discuss

IncreaseDecrease

In
cr

ea
se

D
ec

re
as

e

Violent crime rate change

Pr
op

er
ty

 c
rim

e 
ra

te
 c

ha
ng

e

Oakland reported 8,210 incidents of crime per 100,000 people in 2013.

Irvine had 1,441.
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Reduced violent and property crime rate
Oakland and Stockton have among California’s worst violent crime 
rates, as shown in the large circles, but reported improvements 
between 2012 and 2013.

Increases in violent crime, 
but property crime decreases
Huntington Beach’s increased violent crime rate 
was worsened largely by a jump in robberies, 83 
in 2012, which grew to 100 a year later.

More violent and property crime
San Francisco saw jumps in the rate of every crime 
category, except murder, between 2012 and 2013. 
Theft of personal property rose by 27% and rapes 
by 47%.

Increases in property crime, 
but violent crime decreases
Glendale, Salinas and Oceanside reported 
increases in property crime, defined as burglary 
and theft of property.
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general channel effectiveness, comparing encoded data — discuss
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general channel effectiveness, comparing encoded data — discuss

Saldarriaga, Juan Francisco. CitiBike Rebalancing Study. Spatial 
Information Design Lab, Columbia University, 2013. https://

c4sr.columbia.edu/projects/citibike-rebalancing-study.
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