
CSCI 1377
Tools for Thought

Visualization II 
Data Visualization Systems
A man who has carefully investigated a printed table finds, when done, that he as only a very 
faint and partial idea of what he has read, and that like a figure imprinted on sand, it is soon 
totally erased and defaced. — William Playfair, The Commercial and Political Atlas (1787)



How do cities compare per segment and quarter?



How do cities compare per segment and quarter?



What do these datasets have in common?

https://jumpingrivers.github.io/datasauRus/

μx ≈ 54, μy ≈ 47, σx ≈ 16, σy ≈ 26, r ≈ − .06



“About 85% of my “thinking” time was spent getting 
into a position to think […] Hours went into the 
plotting of graphs, and other hours into instructing 
an assistant how to plot. When the graphs were 
finished, the relations were obvious at once.”

— J. C. R. Licklider, “Man-Computer Symbiosis” (1960)



Last time: how does the human 
visual system work? 

Today: what is the modern way to 
conceptualize data visualization? 

Next time: what are the best 
practices for visualization design?



Data visualization evolved 
from cartography

Petrus Apianus. Cartographia. 1546
Edmond Halley. An Historical 
Account of the Trade Winds. 1686



William Playfair. The Commercial and Political Atlas. 1787



English translation by Dawn Finley, redrawing by Elaine Morse 

Charles Minard. Des tableaux graphiques et des cartes figuratives. 1861
“It may well be the best statistical graphic ever drawn”. — Edward Tufte



John Snow. On the Mode of 
Communication of Cholera. 1855



Fast forward 150 years…



Bhatia et al. “How Much Snow Will Fall Where You Live?” New York Times, 2/21/2026





Bhatia et al. “How Much Snow Will Fall Where You Live?” New York Times, 2/21/2026



Josh Katz. “Milan-Cortina Olympics: Who Leads the Medal Count?” New York Times, 2/21/2026



It’s hard to keep up with all these plot types!

https://matplotlib.org/stable/plot_types/index.html



Modern approaches to  
data visualization



How many commits 
did I make each day?



import matplotlib.pyplot as plt 
plt.bar(github.time, github.commits)



plt.scatter(github.time.dt.hour, github.time.dt.dayofweek) 



df = github.assign(hour=github.time.dt.hour, day=github.time.dt.dayofweek) \ 
           .groupby(['day', 'hour']).commits.sum().reset_index() 
ax = plt.gca() 
ax.scatter(df.hour, df.day, s=df.commits) 
ax.set_yticks([6, 5, 4, 3, 2, 1, 0]) 
ax.set_yticklabels(['Sun','Mon','Tue','Wed','Thu','Fri','Sat'])



df = github.assign( 
  hour=github.time.dt.hour,  
  day=github.time.dt.dayofweek 
).groupby( 
  ['day', ‘hour'], 
  as_index=False 
).commits 
 .sum()

ax.set_yticks([6, 5, 4, 3, 2, 1, 0])

Compute binned sum

ax.scatter(df.hour, df.day, s=df.commits)
Create basic plot structure

ax = plt.gca()

Re-order axis to match top-down reading order

ax.set_yticklabels(['Sun','Mon','Tue','Wed','Thu','Fri','Sat'])
Add natural language labels matching numeric representation of day



Data can be classified into “levels of measurement”

Is the data inherently ordered?

Nominal

Ordinal

Does it make sense to do 
arithmetic on the data?

Quantitative

No Yes

People, cities, 
species, … YesNo

Ranks, clothing 
sizes, weekdays, …

Counts, distances, 
times, …



Nominal Ordinal Quantitative

Q QO OQ



github['hour'] = github.time.dt.hour 
github['day'] = pd.Categorical( 
    github['time'].dt.day_name(), 
    categories=[‘Monday','Tuesday','Wednesday', 
        'Thursday','Friday','Saturday','Sunday'], 
    ordered=True 
)

df = github.groupby( 
  ['day', ‘hour'], as_index=False 
).commits.sum() 

ax = plt.gca() 
ax.scatter(df.hour, df.day, s=df.commits) 
ax.yaxis.set_inverted(True)

sns.scatterplot(data=df, x=‘hour', y=‘day', size=‘commits')



Altair is a “Grammar-of-Graphics” Python library
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alt.Chart(github) \ 
   .mark_circle() \ 
   .encode( 
          x = 'hours(time):O', 
          y = 'day(time):O',       
       size = 'sum(commits):Q' 
   )



With Seaborn, to get a heatmap, change the plot type

df = github.groupby( 
  ['day', ‘hour’] 
).commits.sum().unstack() 

sns.heatmap(df)
sns.scatterplot( 
  data=df, x=‘hour', y=‘day',  
  size=‘commits')

df = github.groupby( 
  ['day', ‘hour'], as_index=False 
).commits.sum()



With Altair, to get a heatmap, change the encoding
alt.Chart(github) \ 
   .mark_circle() \ 
   .encode( 
          x = 'hours(time):O', 
          y = 'day(time):O',       
       size = 'sum(commits):Q' 
   )

alt.Chart(github) \ 
   .mark_rect() \ 
   .encode( 
          x = 'hours(time):O', 
          y = 'day(time):O',       
      color = 'sum(commits):Q' 
   )



base.mark_image(url="ditto.gif").encode(opacity='sum(commits):Q')



Faceting creates sub-plots
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alt.Chart(github) \ 
    .mark_line() \ 
    .encode( 
        x='hours(time):O',  
        y='sum(commits):Q' 
        row='day(time):O' 
    ) 



Add multiple encodings of the same mark

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
time (hours)

Sun

Mon

Tue

Wed

Thu

Fri

Sat

tim
e 

(d
ay

)

0
10
20

30

40

50

Sum of commits

alt.Chart(github) \ 
   .mark_rect() \ 
   .encode( 
          x = 'hours(time):O', 
          y = 'day(time):O',       
      color = 'sum(commits):Q', 
       size = 'sum(commits):Q' 
   )



Layer multiple marks with redundant encodings
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base = alt.Chart(github) \ 
.encode( 
  x=‘hours(time):O',    
  y=‘day(time):O' 
) 

base.mark_rect().encode( 
   color=‘sum(commits):Q' 
) + \ 
base.mark_text().encode( 
   text=‘sum(commits):Q' 
)



The price of compositionality
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Seaborn Altair
Good contrast Bad contrast



Combine multiple charts on a shared axis
chart = alt.Chart(github) 

hist = chart.mark_bar().encode( 
  x='hours(time):O',  
  y='sum(commits):Q' 
).properties(height=60) 

main = chart.encode( 
  x='hours(time):O',  
  y='day(time):O') 

heat = main.mark_rect().encode( 
  color='sum(commits):Q') \  
+ main.mark_text().encode( 
  text='sum(commits):Q') 

hist & heat
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The grammar of graphics is a compositional 
approach to statistical chart design
A chart is composed of marks whose attributes are mapped from data

Marks
Arc Area Bar Circle Geo Line Square Text

Attributes (Circle)
Size

Color
XY-pos



Charles Minard. Des tableaux graphiques et des cartes figuratives. 1861

Mark: area 
X: longitude (Q) 
Y: latitude (Q) 
Width: army size (Q) 
Color: direction (N)

Mark: line 
X: longitude (Q) 
Y: temperature(Q)



Beyond the basics



Vega-Lite provides a grammar of interactive graphics
selection controls data for histogram

https://vega.github.io/vega-lite/



D3 provides a more expressive 2D graphics API

 Treemap  Dendrogram 

 Contour 
 Sankey 

https://d3js.org/



Penrose generates diagrams using force-directed 
layout

https://penrose.cs.cmu.edu/



Bluefish generates diagrams using local 
propagation


