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The purpose of visualization is about insight, not pictures 

- Card, Mackinlay, Shneiderman

D. Koop, CSCI 627/490, Fall 2022



Exploration <-> Communication Spectrum
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Fall 2022

Exploration CommunicationConfirmation
Questions Answers/Persuasion

Consecutive Starts by a Quarterback for a Single Team

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Static Visualization
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[NYTimes]
D. Koop, CSCI 627/490, Fall 2022

https://www.nytimes.com/interactive/2016/11/01/upshot/many-ways-to-map-election-results.html


Interactive Visualization
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[NYTimes]
D. Koop, CSCI 627/490, Fall 2022

https://www.nytimes.com/interactive/2021/upshot/2020-election-map.html


Administrivia
• Course Web Site 
• Syllabus 
- Plagiarism 
- Accommodations 

• Textbook: 
- Required: Munzner (VAD) 

• Assignments 
• Exams: Midterm (Oct. 13) and Final (Dec. 8) 
• Registration

6D. Koop, CSCI 627/490, Fall 2022

https://faculty.cs.niu.edu/~dakoop/cs627-2022fa
https://www.cs.ubc.ca/~tmm/vadbook/


Administrivia
• Undergraduate (CSCI 490) and Graduate (CSCI 627) 
- Graduate: Extra reading, exam questions, project emphasis 

• Research Topics: 
- Also investigate some topics in depth 
- Research papers as assigned reading (CSCI 627) 

• Project: Create an interactive visualization (or vis research) 
- Design 
- Data analysis 
- Insight 
- Presentations: Last week of class

7D. Koop, CSCI 627/490, Fall 2022



Office Hours & Email
• Office hours will be held in person 
• Scheduled office hours are open to all students 
- Tu: 1:45-3pm, Th: 10:45am-12pm, or by appointment 

• You do not need an appointment to stop in during scheduled office hours 
• If you need an appointment outside of those times, please email me with 

details about what you wish to discuss 
• Many questions can be answered via email. Please consider writing an 

email before scheduling a meeting.

8D. Koop, CSCI 627/490, Fall 2022
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Do not cheat!

D. Koop, CSCI 627/490, Fall 2022



Do not plagiarize
• It is Academic Misconduct 
• Do your own work, do not copy anyone else's work, text, sentences, … 
- Anyone = another student, an internet source, book, blog, … 

• Never quote text unless there is a specific need. 
- Usually, only famous quotes or very specific definitions 
- "I think there is a world market for maybe five computers."  

              —Thomas Watson (1874-1956), Chairman of IBM, 1943) 
• Cite sources that back up your claims or reflect the origin of an idea 
- Vertex cover is an NP-Complete problem [1]. … 

[1] Garey, M. R., and Johnson, D. S., "Computers and intractability: a guide 
to NP-completeness." 1979.

10D. Koop, CSCI 627/490, Fall 2022



Do not cheat 
• Cheating on assignments, projects, and exams is not allowed 
• You will receive a zero on the assignment/project/exam 
• It will be reported to the department and university 
• If it repeats, you will fail the course 
• You can be kicked out of the university

11D. Koop, CSCI 627/490, Fall 2022
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Do ask questions!

D. Koop, CSCI 627/490, Fall 2022



Do ask questions
• If you are stuck on a specific issue with an assignment: 
- Do email me with specific questions 
- Do consult books, online documentation, tutorials 
- Do discuss that specific issue with a classmate 

• If you are asked about a question: 
- Do not share your code 
- If the questioner is trying to cheat, walk away 
- If you see an obvious mistake, kindly point it out 
- Suggest a specific function or library that may be useful

13D. Koop, CSCI 627/490, Fall 2022
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Do not cheat!

D. Koop, CSCI 627/490, Fall 2022
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Questions?

D. Koop, CSCI 627/490, Fall 2022



Assignment 1
• To be released soon… 
• Write HTML, CSS, and SVG 
• Text markup and styling 
• Drawing markup and styling 
• Data Visualizaton using Observable Plot

16D. Koop, CSCI 627/490, Fall 2022



Definition of Visualization

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.” 

 — T. Munzner

17D. Koop, CSCI 627/490, Fall 2022



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.”

18D. Koop, CSCI 627/490, Fall 2022



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.”

18D. Koop, CSCI 627/490, Fall 2022

NYC Subway 
Fare Data



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.”

18D. Koop, CSCI 627/490, Fall 2022

Find Interesting NYC Subway 
Ridership Patterns

NYC Subway 
Fare Data



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.”

19D. Koop, CSCI 627/490, Fall 2022



Why People?
• Certain tasks can be totally automated 
- Statistical computations 
- Machine learning algorithms 
- We don’t need visualization for these tasks (although perhaps for debugging 

them…) 
• Analysis problems are often ill-specified 
- What is the correct question? 
- Exploit human visual system, pattern detection capabilities 
- Goal may be an automated solution or a visual analysis system 

• Presentation 

20D. Koop, CSCI 627/490, Fall 2022



Why Computers?

21

[Cerebral, Barsky et al., 2007]
D. Koop, CSCI 627/490, Fall 2022

http://www.cs.ubc.ca/labs/imager/tr/2007/barskya_cerebral_appnote/


Why Computers?

21

[Cerebral, Barsky et al., 2007]
D. Koop, CSCI 627/490, Fall 2022

http://www.cs.ubc.ca/labs/imager/tr/2007/barskya_cerebral_appnote/


Resource Limitations
• Memory and space constraints 
• How many pixels do I have? 
• Information Density

22

[McGuffin & Robert, 2010]
D. Koop, CSCI 627/490, Fall 2022

Fig. 2. A tree of regions and major islands of the Philippines, drawn
using squarified treemaps (top) and using icicle diagrams (bottom). The
two diagrams on the left weight leaf nodes by geographic area, whereas
the two diagrams on the right give equal area to leaf nodes. Labels are
rotated when necessary to maximize their size.

arbitrarily deep. Our analysis allows us to rank tree representations by
their efficiency, which is useful for helping designers choose the most
efficient representation allowable within other given constraints.

Our work also quantifies an interesting difference between repre-
sentations in how they distribute area across nodes. For example, the
icicle diagrams in Figures 1C, 2C, and 2D allocate equal area to each
level of the tree: the root node has the same area as all the leaf nodes
together. Treemaps, in contrast, typically allocate more area to deeper
nodes. There is a tradeoff here, since we would like users to be able
to see as many deep nodes as possible (which tend to also be the most
numerous nodes), while at the same time providing some information
about shallow nodes (for example, to give an overview of subtrees,
and/or to guide the user in zooming operations). This article develops
a new metric, the mean area exponent, that describes the distribution
of area across levels of a tree representation, to quantify this tradeoff.

Finally, we also present a set of design guidelines for using tree
representations, as well as a few novel tree representations, including
a variation on squarified treemaps that allows for larger labels within
the nodes.

2 RELATED WORK

Different tree representations, including classical node-link, icicle,
nested enclosure, and indented outline, were identified decades ago
in [4, 16], and an interactive version of the indented outline represen-
tation (now popular in file browsers such as Microsoft Explorer) was
presented in [11]. Subsequent years have seen variations on these rep-
resentations proposed. Treemaps are a relatively recent innovation,
and are a kind of nested enclosure representation. Treemaps are of-
ten described as space-filling, a highly desirable property for space-
efficiency.

The term “space-filling” can sometimes be problematic, however.
For example, a view sometimes expressed [21] holds that tree repre-
sentations can be divided into two classes: (1) node-link diagrams, that
illustrate parent-child relationships with line segments or curves, and

(2) space-filling representations, which include treemaps and concen-
tric circles such as Sunburst (Sunburst was described as space-filling in
[27], and [21] similarly describe [2] as space-filling.) However, these
two classes seem to not be disjoint, because some node-link diagrams
also “fill space” [19, 20]. The 2nd class also ignores an interesting dif-
ference between treemaps and concentric circles, namely that parent
nodes in treemaps enclose their children, whereas parents in concen-
tric circle diagrams are adjacent to their children. Finally, the term
“space-filling” suggests increased space-efficiency, however it is easy
to design a treemap layout algorithm that occupies all available space
without making good use of it, for example, by using excessively thick
margins, or by concentrating child nodes in only one corner of their
parent, leaving the rest of the parent empty and unused. Would such
a treemap cease to be considered space-filling, even though its root
node covers all the available space? Without a precise definition of
“space-filling”, we recommend being cautious about using this term
to refer to a category of tree representations, since the name seems
to imply that members of the category are more space-efficient than
non-members. As an alternative, categories of representations could
instead be based on how the nodes are drawn (e.g. representations
where the nodes are mapped to points, and those where the nodes are
mapped to areas) or on how parent-child relationships are shown (e.g.
through line segments, enclosure, adjacency, or relative positioning).
The space-efficiency of a given representation can be treated as a sep-
arate matter, and evaluated by several metrics, as demonstrated in this
article.

Within the graph drawing community, a common approach for eval-
uating space-efficiency is to compare the total area required by differ-
ent drawings (i.e., representations) of the same graph or tree. Since
any drawing can be scaled arbitrarily in x and y, to ensure a meaning-
ful comparison, the “resolution” of the representations is fixed, often
by requiring that nodes be positioned on a grid (i.e. with integer co-
ordinates) [9]. There are problems with this general approach, how-
ever, especially when comparing representations of trees rather than
graphs. For example, allowing only grid positions may be mislead-
ing, because non-integer coordinates can significantly reduce total area
without compromising the clarity of the representation or the space
available for labels (Figure 3). As a potential remedy, instead of posi-
tioning nodes on a grid, we might instead impose a minimum distance
between nodes, or a minimum size for non-overlapping labels centered
over the nodes. Unfortunately, matters are complicated by the fact that
some tree representations (such as Figures 1C, 1E, 1F, 1G) involve
nodes that have an area and shape, and there may be nodes and labels
of different sizes within a single representation (e.g. deeper nodes may
be smaller and have smaller labels). This makes it less clear how to
impose a fixed resolution in a way that is fair across tree representa-
tions. Note that this issue does not arise in traditional graph drawing,
where nodes are typically mapped to points.

Fig. 3. A and B are adapted from a comparison in Figure 5 of [1], and
show two different graphical representations of the same tree where
nodes are constrained to positions with integer coordinates. B is clearly
more compact than A. In C, however, we have redrawn the represen-
tation from A with the integer coordinate constraint relaxed, and the re-
sulting graphical representation has a convex hull whose area is only
about 5% greater than that in B. Notice also that the minimum horizon-
tal spacing between nodes in B and C is the same, allowing nodes to be
overlaid with horizontally oriented labels of the same size in both cases.

In our work, rather than comparing total area with a fixed resolution,
we fix the total area available, and fix its aspect ratio. Representations



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively”
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Why Graphics?
Figures are richer; provide more 
information with less clutter and in less 
space.
Figures provide the gestalt effect: they give 
an overview; make structure more visible.
Figures are more accessible, easier to 
understand, faster to grasp, more 
comprehensible, more memorable, more 
fun, and less formal.
          list adapted from: [Stasko et al. 1998]

Why do we visualize data?

24

[T. Nørretranders]
D. Koop, CSCI 627/490, Fall 2022

[via A. Lex]



Why Visual?
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[F. J. Anscombe]
D. Koop, CSCI 627/490, Fall 2022

I II III IV
x y x y x y x y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89



Why Visual?
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[F. J. Anscombe]
D. Koop, CSCI 627/490, Fall 2022

I II III IV
x y x y x y x y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89

Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816
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Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816



Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2022

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2022

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2022

http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2022

http://www.csc.ncsu.edu/faculty/healey/PP/


Animation Can Help
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[A. Barrett via J. Cherdarchuk]
D. Koop, CSCI 627/490, Fall 2022

https://twitter.com/cherdarchuk/status/1525180613140983808


Animation Can Help
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[A. Barrett via J. Cherdarchuk]
D. Koop, CSCI 627/490, Fall 2022

https://twitter.com/cherdarchuk/status/1525180613140983808


But…
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[Inside NOVA: Change Blindness]
D. Koop, CSCI 627/490, Fall 2022

https://www.youtube.com/watch?v=VkrrVozZR2c


But…
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[Inside NOVA: Change Blindness]
D. Koop, CSCI 627/490, Fall 2022

https://www.youtube.com/watch?v=VkrrVozZR2c


Change & Inattentional Blindness Not Uncommon

34

[Inside NOVA: Change Blindness]
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https://www.youtube.com/watch?v=VkrrVozZR2c


Change & Inattentional Blindness Not Uncommon

34

[Inside NOVA: Change Blindness]
D. Koop, CSCI 627/490, Fall 2022

https://www.youtube.com/watch?v=VkrrVozZR2c


Other Human Limitations
• Visual working memory is small 
• Change blindness: A failure to notice a change in our view 
• Inattentional blindness: A failure to notice something else going on in our 

view while focusing on a particular task 
• "The goal of vision is not to build a complete photograph or model of the 

world in your mind. The goal of vision is to make sense of the meaning of the 
world around you." - D. Simons

35D. Koop, CSCI 627/490, Fall 2022



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively”

36D. Koop, CSCI 627/490, Fall 2022



Design Process: Iteration
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Fall 2022

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design Process: Iteration
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Fall 2022

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design Process: Iteration

39
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http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html
http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Design Example
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[M. Stefaner, 2013]
D. Koop, CSCI 627/490, Fall 2022

http://well-formed-data.net/archives/972/where-the-wild-bees-are


Impact of Design Choices: y-axis scale

41

[S. Hayward, 2015]
D. Koop, CSCI 627/490, Fall 2022

http://www.powerlineblog.com/archives/2015/10/the-only-global-warming-chart-you-need-from-now-on.php


Impact of Design Choices: y-axis scale
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[S. Hayward, 2015]
D. Koop, CSCI 627/490, Fall 2022

http://www.powerlineblog.com/archives/2015/10/the-only-global-warming-chart-you-need-from-now-on.php


Impact of Design Choices: color
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[A. Kitaoka]
D. Koop, CSCI 627/490, Fall 2022

https://twitter.com/AkiyoshiKitaoka/status/842556026142375936


Impact of Design Choices: color

43

[A. Kitaoka]
D. Koop, CSCI 627/490, Fall 2022

Red,  
yellow,  
blue 

Purple, 
orange 
do not 
exist! 

https://twitter.com/AkiyoshiKitaoka/status/842556026142375936


Why?

How?
 

What?

Why?

How?
 

What?

Why?

How?
 

What?

Analyzing Visualizations

44

[Munzner (ill. Maguire), 2014]
D. Koop, CSCI 627/490, Fall 2022
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Data Exploration through Visualization

D. Koop, CSCI 627/490, Fall 2022
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 runs weekends via Manhattan Br 

The subway operates 24 hours a 
day, but not all lines operate at all 
times. This map depicts morning to 
evening weekday service. Call our 
Travel Information Center at 511 for 
more information in English or 
Spanish (24 hours) or ask an agent 
for help in all other languages (6AM 
to 10PM). 

To show service more clearly, geography 
on this map has been modified. 
© 2013 Metropolitan Transportation Authority

visit www.mta.info

Key

August 2013
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All trains stop (local 
and express service)

Local service only
Rush hour line
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ticket)
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Commuter rail service 

Bus to airport
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   A•C

New York City Subway
with bus and railroad connections

Police

M60

The subway map depicts weekday service. Service differs by time of day and is sometimes affected by 
construction. Overhead directional signs on platforms show weekend, evening, and late night service. 
Visit mta.info for detailed guides to subway service: click on Maps, then “Individual Subway Line 
Maps,” “Service Guide,” or “Late Night Service Map.” For construction-related service changes, click 
on “Planned Service Changes” in the top menu bar. 
On weekends, the Weekender website and app show construction-related scheduled service changes. 
This information is also posted at station entrances and on platform columns of affected lines.

Transportation Data - NYC MTA
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration

49D. Koop, CSCI 627/490, Fall 2022



MTA Fare Data Exploration

49D. Koop, CSCI 627/490, Fall 2022



MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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Tools
• Desktop Applications: 
- Excel (see excelcharts.com) 
- Tableau 
- … 

• Grammars: 
- Vega-Lite 

• Programming Frameworks 
- d3.js 
- Observable Plot, plot.ly, deck.gl 
- … 

• Tradeoffs 
- Speed 
- Customization 
- Understanding 
- Dissemination
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http://excelcharts.com


Programming
• "Programming is blindly manipulating symbols." - B. Victor 
• "Code is often the best tool we have because it is the most general tool we 

have; code has almost unlimited expressiveness" - M. Bostock 
• You will write code in this class 
- Your assignments will involve code 
- Your project will involve code 

• JavaScript is the language of the Web 
- Somewhat forgiving, not always the easiest to debug 
- Lots of references out there 
- A quickly-changing environment of frameworks
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https://medium.com/@mbostock/a-better-way-to-code-2b1d2876a3a0
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What languages do we use on the Web?
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Languages of the Web
• HTML 
• CSS 
• SVG 
• JavaScript 
- Versions of Javascript: ES6, ES2015, ES2020… 
- Specific frameworks: react, jQuery, bootstrap, D3
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Web Programming Tools
• Basic: Text editor and Modern Browser 
• Developer Tools: Built in to browsers (e.g. Chrome Developer Tools) 
• Web Environments: Observable, CodePen, JSFiddle, etc. 
• IDEs: WebStorm, VSCode
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