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Overview

From finding the source of cholera outbreaks (Rogers 2013) to optimizing train schedules
(Rendgen 2019), the powerful human visual system (Ware 2021) enables our brains to
interpret huge sums of information, building graphical languages that help us grapple
with information symbolically and solve problems in a way that fundamentally changes
our relationship to mathematics (Victor 2013), science (Clegg 2021), and storytelling
(Harris 2007). However, the interactive nature of digital media has fundamentally
changed the possibilites of this reasoning process through new kinds of "dialectic"
experiences (Pottinger et al 2024). Creating new conversations in which tools talk back,
these new digital media enable us to “think thoughts we couldn’t think before” (Victor
2013), entering a fruitful meeting ground between art, design, and computation. Here we
can see gun deaths in mass (Periscopic 2018), listen to the internet’s emotions (Harris
and Kamvar 2015), and collaboratively reason about policy solutions to our species’ most
pressing environmental issues (Pottinger et al 2024).

This open source Creative Commons guide offers four versions of interactive data
coursework, providing model cirricula that all extend a welcoming invitation into this
cross-disciplinary tool-chest. In the process, it traverses cognitive science, information
design, game design, and computer science to explore how those interested in building
the future of our physical and digital worlds can create new media for exploring and
communicating data (Victor 2011). Those interested may include:

Scientists

exploring how novel data
visualizations can change
the way they and their
audiences understand
data.

Mathematicians

creating new tools for
reasoning about complex
systems through
computation.

Axrtists

experimenting with
how interactive media
can create exciting
data-rich emotional
experiences.

Designers

playing with visual
cognition and data
interpretation in the
built environment.

No matter from where you are joining from, we hope you can find a home here in the
creative space between disciplines to tell new stories and build new knowledge



Options

This guide offers four options of varing lengths to support different opportunities. The
goal is that interactive data content can fit into existing coursework or entirelly new
offerings at varying degrees of commitment.

One Lecture

Providing inspiration within around an hour, slotting into an existing course without major
modification.

Three Lectures

Focusing on off-the-shelf charts, augment an existing Python course and get the very
basics needed for a data professional.

One Credit Hourx

Dig into the theory and build novel interactive data graphics by combining information
design, cognitive science, game design, and computation. Put your skills into practice
with an end to end project and practical high-level discussion of ethical and social
concerns.

Three Credit Houzxs

Explore information design and learn now to craft novel interactive experiences. Leverage
cognitive science, game design, and information design to leverage existing off-the-shelf
solutions in addition to building novel representations. Furthermore, learn how to create
emotional experiences through data and how to ethically / inclusively build new digital
media, understanding information as both mathematical and social artifact. Finally,
master your new creative skills with hands-on projects.




One Lecturzxe

This guide starts with what can be done in about an hour. This first format posits that the
best way to understand these capabilities is to experience them across different
disciplines. The goal for a short session is to inspire future projects, showing what is
possible but exploring how. In three parts instructors are encouraged to allow students to
play with the final example of each section for group conversation.

® Movement 1: Comprehending

We normally think of visualizations as tools of communication but, before that, they also help us make sense of our
work. These 4 examples show how we can use visualization in sense-making.

Cholera Map

A classic example of early
data visualization that
allowed John Snow to
uncover the source of
choleara (Rogers 2013).

® Movement 2:

NASA Vortex

Building tools for scientists
to see their own data in
new ways: “They’d never
seen their data like this
before... There’s a cadence
of frequency to my event
records, oh my god!” (Binx
2016)

Communicating

We Feel Fine
How we can reveal hidden
stories in We Feel Fine,
allowing for a human
experience of emotion at
scale (Harris and Kamvar
2015).

Having found results to share, we turn to sharing findings with others.

Mortality

Nightengale charts as a
way to tell the story of
suffering to motivate
public change (Andrews
2022).

® Movement 3:

Gun Deaths

An arresting example of
using data to invoke
emotional response
regarding US gun violence
(Periscopic 2018).

Constructing

Being Wrong
Uniquely using interactivity
to engage misconception,
the New York Times
explores the value of being
wrong in a safe space (Katz
2017).

Ag Adapt

A look at regenerative
agriculture and how the
tools evolve with thinking
even before the answer is
found (Pottinger et al
2024).

Alaska

Taking a trip to the Gulf of
Alaska using Pyafscgap, a
guided tour to builds
sophisticated scientific
stories (Pottinger and
Zerpelleon 2023).

Visualizations don't only reveal findings, they help construct solutions. This final movement asks how interactive
data can help users build their own solutions.

Trains

Marey Diagrams and an
early example of a
thinking tool that aids
engineers and designers
(Rendgen 2019).

Cars

Driving our Future
simulation shows what
tools for solution design
might look like, revealing a

new kind of interactive data

(Keith 2017).

Climate
Zooming out even further
on the climate crisis, an

interactive tool (En-ROADS)

for data workshops tries to
find common policy ground
(Chaudhry 2023).

Plastics

Finally, we look at a tool
which traveled to the UN to
explore specific policy
package design, creating
collaborative media for
thought (Pottinger et al
2024).



Three Lectures

Fitting into an existing course, how can one week (three lectures in a 3 credit hour course)
offer the basic tools to visualize data interactively? Leaving most of the theory to optional
supplemental reading, this crash course focuses on efficiency for the core skills of
interest to a general audience. Python is prerequisite.

Day Reading Material Exercise [& Homework]

® Movement 1: Charts

Start by focusing narrowly on existing charts and selection from among options, offering practical immediate tools.

O Three Variables
What are the options for plotting and when might you want to consider one versus another? We explore the basics
through the lens of the US Census Microdata.

O 1 Introduction to Plotting with - Options and effectiveness of - Plot salaries
Matplotlib in Python (Babitz encodings (Cleveland and - Plot salaries by age
2023) McGill 1984) - Plot salaries by age, gender
- Dimensionality: types and - [Homework Due 02] Plotting
number of variables salaries by age, degree

(McDonald 2014)

O Four Variables
We ended our first look at the data by plotting three variables together but what about four or more?

0 2 Data Visualization: - Shared axes (Hunter et al - Plot salaries by gender, age
Choosing a Chart Type 2024) - Add degree subplots
(Berkeley 2024) - Small mulitples (Gemignani - Add annotation
2021; Tufte 2013) - [Due 03] Plot count by gender,
- Embedded summaries age, sector

(Tufte 2013)
- US econ case study (Pottinger
2012)

® Movement 2: Interactions

How do we best take advantage of digital media's interactivity?

O Beyond the Chart

We’ve used digital tools to create static plots but the unique nature of these tools is their ability to respond to the user.
What becomes possible in “dialectic” experiences?

@3 Thinking Through Visualization - Explorable media (Victor - Lookup mean salary by degree
Tools (Pottinger 2023) 2011) (nbwidgets)
- Accessibility (Fossheim 2022) - Compare salary by gender, age
- Income Gaps (Pottinger 2022) - Compare degress w/ selectable
- Purposes of data viz metric
- [Due 04] Add select between
gender and race



One Credit Hour

This one credit hour course explores the human visual system as well as information /
game design principles, providing the skills needed to make digital tools that help
understand data, tell stories with results, and foster data-informed collaboration. Using

information design as a way into interactive media, this offering provides participants
competency in crafting custom interactive data experiences but leaves some of the
details to a longer 3 credit hour opportunity. Prior programming experience required:
Python recommended but not required.

Movement 1: Primitives

What are the goals of information graphics and what are the tools to achieve them? The
course starts with an overview of what is possible before turning to the the basic
elements available for data graphics and how the human visual system processes those
options differently.

Movement 2: Combinations

With the building blocks in hand, instruction turns to different chart types before
understanding the limitations of prebuilt graphics. Finally, the course explores the
principles required to make new visual languages beyond what is available off the shelf.

Movement 3: Responses

Thinking critically about the user as more than a mere decoder of visual data, the course
asks how the user can become an active participant in creating experiences, adding
interactivity to data visualization.

Movement 4: Mastery
The course ends with a practical opportunity to complete a new visualization from start to
finish.



Primitives  pos

Here we start with what ingredients are available for data visualizations and interactive data
experiences, using foundational resources to frame how to think about them.

Day Reading Material Exercise [& Homewoxrk]

O Why Interactive Data
Focusing first on inspiration, the best way to understand these capabilities is to experience them.

O 1 None - Comprehending: Cholera - Ag Adapt (Pottinger et al 2024)
(Rogers 2013), NASA Vortex - AFSC GAP (Pottinger and
(Binx 2016), We Feel Fine Zarpelleon 2023)
(Harris and Kamvar 2015) - Global Plastics AI Policy Tool
- Communicating: Nightengale (Pottinger et al 2024)

Charts (Andrews 2022), Gun
Deaths (Periscopic 2018),
Draw It Yourself (Katz 2017)

- Constructing: Marey Diagrams
(Rendgen 2019), Driving our
Future (Keith 2017), En-
ROADS (Chaudhry 2023)

O Hello Python

@ An orientation session to help participants coming from languages beyond Python to get ready. This will be a fast
paced intro geared towards existing programmers but it also offers optional additional resources.

O 2 Optional: A Byte of Python - What is Python and why use it. - Taking an action (command /
(Swaroop 2023) - Variables, functions, objects loop)
- Online sketchbook - Building a language (functions

and objects)

- Draw rectangles (libraries)

- [Homework due Day 03] Draw
circles

O Drawing Digitally

@ Digging into the creation of digital media and creative coding, we have our first in-person code jam that offers the
experience of collaboration and sharing of creative output. This adds computation and interaction to visual primitives.

93 Media for Thinking the - PLATO - Draw a line
Unthinkable (Victor 2013) - Processing - Draw a cirlce
- Sketchingpy - React to the user

- [Due 04] Reseponsive doodle

O Drawing with Glyphs

@® We look at fundamental shapes through cognitive science experiments. This offers us the fundamental visual building
blocks of data graphics. Go through a sample economics problem with up to 4 variables.

04 The Web's secret stories (Harris - Gestalt (Portnow 2018) - Chart for 1 variable
2007) - Preattend (Ware 2021) - Chart for 2 variables
- Color (Ware 2021) - Chart for 3 variables
- Cleveland and McGill (1984) - [Due 05] Chart for 4 vars

- Taxonomy of common charts



Combinations " poins

Now that we have the basic building blocks, we see how those combine into the common
“patterns” we see in our daily lives and how we can use existing code to generate those charts.
However, we then keep following these principles until hitting visualization escape velocity when
we make our own new visual representations.

Day Reading Material Exercise [& Homework]

O Drawing with Data

@® Adding design into art, we look at interacting with the file system from a creative coding context and how to direct the
computer to draw from non-human inputs, adding our final primitive ingredient for now: data.

0 5 Nicholas Felton (2011) - Data formats and records - Loading US microdata sample
- Building numeric scales - Drawing age and salary
- Building other scales - Switching to text
- Transformations on data - [Due 06] Draw salary and
(map, filter, reduce, etc) degree

O Drawing with Pre-Built Charts

@ \We start with the fast route to graphics: someone else’s charts. Using matplotlib, this conversation gives us the most
direct option in our tool chest but, centered in patterns, also one of the most limited.

@ 6 Thinking Through Visualization - A tour of charting libraries - Loading US microdata sample
Tools (2023) - A tour of matplotlib - Drawing age and salary
- Changing axes
- [Due 07] Draw salary and
degree

O The Limitations of Patterns

@ Continuing our exploration in charts you maybe haven’t heard of, we start to ask why patterns are helpful but also
what happens when patterns stretch so far that they start to break back down into primitives. We also take a look at
Tufte who started one of the most important information design schools of thought.

@ I7 Review of Tufte’s "The Visual - Less common patterns: - Draw age, salary, gender
Display of Quantitative sparklines, small multiples, - Draw embedded summaries
Information" (LeRoy 2018) sloegraphs, Sankey, arc, chord - Add degree
- Dissecting Happiest Jobs in - [Due 08] Redo the graphic with
Tech (Pottinger 2019) a new encoding.

O visual Languages

@ Conversation shifts to data visualization techniques that depend on and leverage context, using the concept of a
symbolic language to reveal what is possible outside of prebuilt graphics.

O 8 Lupi and Posavec (2015) - The concept of movements - Draw your day
(Harris and Kamvar 2015) - Draw your last 5 years
- A dissection of Podcast - Draw it again a different way
Anthropology (Pottinger - [Due 09] Draw your next 5
2015) years



30 points
000

Responses

Now examining data graphics as a language whose rules afford creativity and innovation, we
@ encounter the final primitive: the player. Indeed, we ask what happens if we imagine the reader as
more than a decoder of information but an active participant in sense making.

Day Reading Material Exercise [& Homework]

O The Role of the Reader

@ We look at the 3 waves of human-computer interaction, covering key concepts such as affordances, social actors,
gameplay loops, working memory, and coordination.

- The Role of the Player
(Portnow 2011)

- Explorable Explanations
(Victor 2011)

- History of HCI (Duarte and - Loading and drawing BART
Baranauskas 2016) data
- Concepts: affordances - Interacting with the plot
(Norman 2013), working - Coordinated scrubbing
memory (Ware 2021), social (weekend + weekday)
actors (Nass et al 1994) - [Due 10] Add additional month
- Game design loops (Brazie
2024)

O The Reader as a Partner

@ Spending some more time with design disciplines that co-create with the user, we turn to how interactivity engages
® with user expectations and how the user engages with themselves.

Super Mario 3D World's 4 Step
Level Design (Brown 2015)

[Due 12] Write on experience of
one of the following: The Cosmic

- Juxtaposition Gratification
(IM8 2024)

- Ludonarrative (Hocking 2007)

- Defying user expectations
(Katz 2017)

- Food Sim SF (Pottinger 2023)

O Axchitecture

Wheel (Deconstructteam 2023),
FTL (Ma and Davis 2012),
Spiritfarer (Thunder Lotus
2020), Papers Please (Pope
2013), Unpacking (Brier and
Dawson 2021)

With the elements of an interactive experience in place, we turn to various forms of level design, exploring how

structure creates experiences and encourages different roles for the user.

How Nintendo Solved Zelda's
Open World Problem (Brown
2023)

- Linear gameplay and
Hayashida design (Pottinger
and Zarpelleon 2023)

- Semi-linear: Ag (Pottinger et
al 2024)

- Non-linear: Plastics (Pottinger

etal 2024)

Share experiences of games so
far



Mastery e

Wrapping it up with some final thoughts before turning over the stage to celebrate the class' own
visualizations.

Day Reading Material Exercise [& Homework]

O Measurement and Evaluation

@ Now that we are building experiences, what can statistics, anthropology, and game design tell us about evaluating the
@ effectiveness of our work? We look to the values of measurement before turning to what happens when the wall

® between designer and users begins to break down.

12 Designing for Realtime - Quantitative (Munzner 2014) - Share final experiences of
Spacecraft Operations (Binx - Thinking-Aloud (Lewis 1982) games
2016) - Diary studies (Chneiderman - [Due final] Introduce final
and Plaisant 2006) project (30 points)

- Participatory Design
(IxDF 2023)

- Generalizable knoweldge vs
quality assurance

O Access and Ethics

@ Not everyone experiences the world the same way and not everyone has the same privilege or representation when
they do. In our final lecture, we look back at what we’ve learned to understand how our work interacts with the
broader built environment and the power structures woven into it.

13 Games are for Everybody (Brown - Intro WCAG [Due final] How do you think
2018) - Common accessibilty patterns about ethics in your final? (10
- Representation (Pottinger points)
2019)

- When visual isn't available

O Coding Help

O Final

We use our final time together during finals week to share our work with each other, celebrate our new tool chest, and
experience the diverse interpretations of this curriculum.

1 5 None None Peer sharing in which
participants split into two group
and have two sessions of
presentation (group a shares to
group b then visa versa) in a
booth setting.



Thxree Credit Houzxs

Create sophisticated tools for understanding and collaborating through data. This three credit
hour course situates data visualization within traditional information design before branching
out into interaction and game design. Rooting conversation in both theory and practice,
discussion spans cognitive science and practical programming to art and visual design.

Participants will gain valuable concrete skills to iteratively interrogate their own data, build
compelling experiences to share their results, and craft engaging interactive environments. In
this process, participants will understand data not just as a mathematical artifact to be
conveyed but as socially mediated information with emotional experience and ethical
responsibility. Prior programming experience required: Python recommended but not required.

Movement 1: Hello

Motivation for why one may employ
interactive data experiences before ensuring
a common basic Python skills across the
course participants.

Movement 2: Primitives
A tour through the foundational artistic
thinking and science that underpins modern
data visualization, detailing the building
blocks available to data graphics.

Movement 3: Sketches
Some exercises in sketching with code to
gain familiarity with important technologies
and their role.

Movement 4: Combinations
An exploration of existing patterns (charts)
including their usefulness and limitations
before exploring the tools available to make
new graphical representations / languages.

Movement 5: Practice

Pausing for a moment of hands-on practice
on an end-to-end visualization project.

Movement 6: Responses
Touring philosophy and various design
disciplines, we reconceptualize the role of
the reader as an active participant to arrive
at the various ways in which interactivity
enable new experience.

Movement 7: Context

Contextualizing prior lessons socially and
scientifically, looking to measurement /
evaluation, accessibility, ethics, and software
engineering.

Movement 8: Simulations
Stopping by Montessori, we consider the
role of digital media in empirical play both
for communication and in creating new
knowledge.

Movement 9: Mastery

Ending with a hands-on opportunity to apply
the course's ideas, instruction ends with
supporting final projects shared in a class-
wide festival.



Hello  poiois

Before we get started, we take in some inspiration, basic history, and essential skills, setting the
stage for our cross-disciplinary journey.

Day Reading Material Exercise [& Homework]

O Hello Visualization
Focusing first on inspiration, the best way to understand these capabilities is to experience them across different

disciplines.

..... 01 None ComprehendlngCholera AgAdapt(Pott|ngereta12024)
(Rogers 2013), NASA Vortex - No Ceilings (Fathom 2016)
(Binx 2016), We Feel Fine - Global Plastics AI Policy Tool
(Harris and Kamvar 2015) (Pottinger et al 2024)

- Communicating: Nightengale
Charts (Andrews 2022), Gun
Deaths (Periscopic 2018),
Interactive World Migration
Report (IOM 2024)

- Constructing: Marey Diagrams
(Rendgen 2019), Driving our
Future (Keith 2017), En-
ROADS (Chaudhry 2023)

O Hello Python

@ An orientation session to help participants coming from languages beyond Python to get ready. This will be a fast
paced intro geared towards existing programmers but it also offers optional additional resources.

G 2 Optional: A Byte of Python - What is Python and why use it. - Taking an action (command /
(Swaroop 2023) - Variables and functions loop)
- Online sketchbook - Building a language (functions)

- Draw rectangles (libraries)
- [Homework due Day 03] Draw

circles
O Hello Objects
@ Continuing an introduction to Python as required for the course.
..... @3 MedlaforThlnkmgthe Objects Deﬁnlngashape
Unthinkable (Victor 2013) - Encapsulation - Building multiple shapes
- Polymorphism - Drawing polymorphically

- [Due 04] Add color



Primitives  pons

Here we start with what ingredients are available for data visualizations and interactive data
experiences, introducing foundational resources to frame how to think about these building blocks.

Day Reading Material Exercise [& Homework]

O Visualization as Design

@ A critical look at Tufte who started one of the most important information design schools of thought and how
information design has evolved since.

04 Review of Tufte’s "The Visual - Examples of problematic - A look at a matplotlib chart
Display of Quantitative graphs (Tufte 2013) - Removing chart junk
Information" (LeRoy 2018) - Chart junk (Tufte 2013) - Adding a tuftean axis
- Tuftean axes (Tufte 2013) - [Due 05] Critique a recent data
- After Tufte (Elliot 2016) graphic from the news.

QO Visualization as Science

@® We continue with an understanding of how the human visual system processes information and some early hints as to
what the primitives of data visualization might be.

@ 5 Preattentive Attributes in - Stages of visual processing - Load tabular data on model
Visualization (Kesavan 2016) (Ware 2021) accuracy

- Visual working memory (Ware - Add bolding
2021) - Add heatmap

- Preattentive features (Ware - [Due 06] Build heatmap of job
2021) satisfaction factors.

- Gestalt / neg space (Portnow
2018)

O Formalizing Glyphs

@ We next turn to a foundational study offering us the fundamental visual building blocks of data graphics.

0 6 How William Cleveland Turned - Clevland and McGill (1984) - Chart for 1 variable
Data Visualization Into a Science - Taxonomy of charts - Chart for 2 variables
(Pricenomics 2016) - Chart for 3 variables

- [Due 07] Chart for 4 vars



Sketches 8 e

Before exploring visual languages, we experiment with different visual forms and, practically, how
to draw with data in digital media using different libraries.

Day Reading Material Exercise [& Homework]

O Drawing Digitally
@ Digging into the creation of digital media and creative coding, we have our first in-person code jam that offers the
experience of collaboration and sharing of creative output. This adds computation and interaction to visual primitives.

O 7 Inventing on Principle (Victor - Processing - Draw a line in a loop
2012) - Sketchingpy - Draw a circle in a loop
- Drawing with the user in a loop
- [Due 08] Responsive art 1

O Deconstructing Drawing
@ Continuing to explore digital drawings as a way to understand and experiment with glyphs.

O 8 OpenProcessing - Stroke, fill, color (Ware 2021) - Coding help
- Primitive shapes - [Due 09] Responsive art 2
- Options for input
- Fonts and text

O Drawing with Data

@® Adding design into art, we look at interacting with the file system from a creative coding context and how to direct the
computer to draw from non-human inputs, adding our final primitive ingredient for now: data.

@9 Nicholas Felton (Felton 2011) - Data formats and records - Loading US microdata sample
- Building numeric scales - Drawing age and salary
- Building other scales - Switching to text
- Transformations on data - [Due 10] Draw salary and
(map, filter, reduce, etc) degree

O Prebuilt Charts

@ We continue with the fast route to graphics: someone else’s charts. Using matplotlib, this conversation gives us the
most direct option in our tool chest but, centered in patterns, also one of the most limited.

1@ Thinking Through Visualization - A tour of charting libraries - Loading US microdata sample
Tools (2023) - A tour of matplotlib - Drawing age and salary
- Changing axes
- [Due 11] Draw salary and
degree



Combinations B i

Before exploring visual languages, we experiment with different visual forms and, practically, how
to draw with data in digital media using different libraries.

Day Reading Material Exercise [& Homework]

O Patterns

@ Continuing our exploration in charts you maybe haven’t heard of, we start to ask why patterns are helpful but also
what happens when patterns stretch so far that they start to break back down into primitives.

11 The Web's secret stories (Harris - Sparklines, small multiples, - Draw age, salary, gender
2007) slopegraphs (Tufte 2013) - Add summaries
- Developer Happiness - Add degrees
(Pottinger 2019) - [Due 12] Redo with different
- Shared axes (Tufte 2013) encoding

O Vvisual Languages

@ Conversation shifts to data visualization techniques that depend on and leverage context, using the concept of a
symbolic language to reveal what is possible outside of prebuilt graphics.

1 2 Lupi and Posavec (2015) - The concept of movements - Draw your day
(Harris and Kamvar 2015) - Draw your last 5 years
- A dissection of Podcast - Draw it again a different way
Anthropology (Pottinger - [Due 13] Draw your next 5
2015) years
O Maps

@ Sofar, we've only looked at space metaphorically with symbolic analogy: horizontal position as age and vertical
position as salary. However, this conception of information design ignores one of the most foundational data
representations out there: maps. This next step considers geographic data and options for plotting.

1 Why all world maps are wrong - Geographic formats - Draw the Bay Area
(Harris 2016) - QGIS - Draw BART stations
- Projections - Draw ridership
- [Due 14] Draw weekend vs
weekday
O Networks

@ Like geographic data, network information is often one of the more difficult data types to plot. We turn to some
common approaches, explore open source options, and see how geographic networks can be considered.

14 15 Views on a Node Link Graph - Gephi - Memorizing the location of
(Munzner 2007) - Sanky stations
- Arc - Drawing between stations
- Chord - Revealing traffic
- [Due 15] Draw weekend vs
weekday.



Practice » o

Before turning to interactivity, we will pause to collect and visualize some data in a studio-like
setting, offering a chance to practice some of the concepts introduced so far.

Day Reading Material Exercise [& Homework]

O Making Space

@ A discussion of common places to find data and licenses as well as an overview of this movement.

opyright, Exceptions, and Fair - Scraping - Clean up the ata

o C ight, E i d Fai S i Cl he BART d

o Use (Muller 2015) - Creative Commons - [Due 18] Choose and visualize a
- OpenRefine dataset.

- Overview practice project

O Sketching

Explore ideas quickly, practicing with your own data.

16 Agile is Dead (Thomas 2015) Software engineering lifecycle Coding help

O Iterating
Discussion of how to iterate to a final product

1 I7 Ben Fry (2016) - Alt text Coding help
- Reproduceibility
- Licensing your own work



Responses

Before exploring visual languages, we experiment with different visual forms and, practically, how
to draw with data in digital media using different libraries.

Day Reading Material Exercise [& Homework]
O The reader

We look at dialetic, the 3 waves of human-computer interaction, covering key concepts such as affordances, social
actors, working memory, and coordination.

18 It's Not You, Bad Doors are - History of HCI (Duarte and What is the Dialectic (Guignion
Everywhere (Posner et al 2016) Baranauskas 2016) 2020)
- Concepts: affordances
(Norman 2013), working
memory (Ware 2021), social
actors (Nass et al 1994)

O The Role of the Reader

@ So far, we've only looked at space metaphorically with symbolic analogy: horizontal position as age and vertical
position as salary. However, this conception of information design ignores one of the most foundational data
representations out there: maps. This next step considers geographic data and options for plotting.

19 - The Role of the Player - Why game design and its role. - Load and draw ridership
(Portnow 2011) - Thinking and play outside a map
- Explorable Explanations - Interact with ridership
(Victor 2011) - Coordinated scrubbing

- [Due 20] Add another month
O Meeting the Player

@ Entering into this landscape of different takes who the user is and how they operate, we turn to game design.

® 2 0 Super Mario Bros: Level 1-1: - The PLATO system (Bitzer et al [Due 22] Write on experience of
® How Super Mario Mastered Level 1961) one of the games*
Design (Emmons and Portnow - Tutorialization
2014) - Hayashida level design
(Pottinger and Zarpelleon
2023)

O Ludonarrative

Thus far, we’ve considered the player as a logical actor of inputs and outputs. What is their emotional experience of
data? How can video games guide us in unlocking pathos?

2 1 The Last Guardian and the - Ethos, pathos, logos Parable of the Polygons (Hart and
Language of Games (Brown - Gun Detahs (Periscopic 2018) Case 2014)
2017) - Bussed out visualization

(Bremer and Wu 2017)
O Arxchitecture

With the elements of an interactive experience in place, we turn to various forms of level design.

2 2 - Triangle Design (Brown 2023) - Loops (Brazie 2024) Share experiences of games*
- Banjo-Kazooie (Brown 2023) - AFSC GAP (Pottinger and
Zarpelleon 2023)
- Ag (Pottinger et al 2024)
- Plastics (Pottinger et al 2024)

* Cosmic Wheel (Deconstructteam 2023), FTL (Ma and Davis 2012), Spiritfarer (Thunder Lotus 2020), Papers Please (Pope 2013), Unpacking (Brier and Dawson 2021)
I



Context

With all of the pieces in place for interactive data, we start to develop these ideas beyond the
canvas, situating them in a broader design, ethical, social, and technological landscape.

Day Reading Material Exercise [& Homework]

O Diegesis
@ What is within the world of our visualizations and what is outside of it? This lecture explores the concept of diegesis
from game design and helps us structure how we think about ludonarrative.

2 3 Storytelling with Verbs - Diegesis in games (Dassler - Revisiting BART
(Tremblay 2020) and Portnow 2019) - Add button for time
- APH visualization (Pottinger et - Add button for station
al 2024) - [Due 24] Add non-digetic

summary to buttons
O Looking Ahead

@ A discussion of the final project and an overview of upcoming assignments, describing how the course structure is
shifting to create space for deep work. We also take a look at Inquiry-based Design

24 The World Design of Metroid 1 - Inquiry-based design (Hayes - Ag tool (Pottinger 2024)
and Zero Mission (Brown 2018) 2023) - Journey map
- Overview of datasets - Find your path
- Journey mapping - [Due 25] Map your final

O Measurement and Evaluation

@ Now that we are building experiences, what can statistics, anthropology, and game design tell us about evaluating the
effectiveness of our work? We look to the values of measurement before turning to what happens when the wall
between designer and users begins to break down.

2 5 Designing for Realtime - Quantitative (Munzner 2014) - Share final experiences of
Spacecraft Operations (Binx - Thinking-Aloud (Lewis 1982) games
2016) - Diary studies (Chneiderman - [Due 26] Eval plan for final

and Plaisant 2006)

- Participatory Design
(IxDF 2023)

- Generalizable knoweldge vs
quality assurance

O Accessibility
@ Not everyone experiences the world the same way. We turn to standards and principles to help everyone experience

your work.
..... 26 GamesareforEverybody(Brown WCAG [Due27]Acce55|b|l|typlanfor
2018) - Common patterns final
- When visual isn't available
O Ethics

@ What does it mean to be responsible for representing humans or other creatures within visualizations? This lecture
explores the burden we carry and the limitations of our own experience.

2 7 Here's What Ethical AI Really - Example: User-Centered [Due 28] Ethical reflection on plan
Means (Thorne 2023) or Sasha Machine Learning (Pottinger for final
Costanza-Chock (2019) 2019)

- Return to Participatory Design
I



Simulations o s

So far, this course has focused on information visualization but there’s another flavor of interactive
@ data out there: scientific visualization. This offers a brief introduction on how to apply the concepts
learned so far towards the other side of this coin through simulation examples.

Day Reading Material Exercise [& Homework]

O Thinking Toys

® simulations already appear in a number of video games and we start by taking a look at what scientific simulation and
Montessori have in common.

2 8 Spore, birth of a game (Wright - Scientific Viz (Rhyne 2003) - FoodSim SF
2007) - Visualization for Systems - [Due 29] SimCity 3000 or Roller
Design (Pottinger 2022) Coaster Tycoon
O Magnets

@ Ready to make our first simulation, we look at defining the forces in a system using an agent-based model and what
happens when the user can modify those forces.

2 9 - When SimCity got serious - Time and physics in sims - Define node link system
(Salvador 2020) - Defining a physical system - Animate
- Explorable Explanations - Interaction on parameters - Add diegetic interaction
(Victor 2011) - [Due 30] Add non-diegetic
interaction for changing force
O Birds
@ Continuing onwards from magnets, we turn our sights to the Boids algorithm as a more practical example.
..... 30 Emergence(Radlolab2007) Formallzmgagentbased g
models - Antimate the system
- Defining Boids (Reynolds - Interact non- diegetically
1987) (repel)
- [Due 31] Add diegetic
interaction
O Ants
@ Not everyone experiences the world the same way. We turn to standards and principles to help everyone experience
your work.
..... 31 e Deﬁnmgants s
Chain Monte Carlo for Probability - Defining food - Animate
(Brownlee 2019) - Defining pheremones - Food depletion

- [Due 32] Add interaction

O Generalizing Simulation

What does it mean to be responsible for representing humans or other creatures within visualizations? This lecture
explores the burden we carry and the limitations of our own experience.

3 2 Programming Portals (Appleton - Start up funding Startup Options Bot (Pottinger
2022) - Markov Chains 2022)
- Monte Carlo



Mastery

@ As our journey concludes, we look towards the final project with a second round of studio time.

Day Reading Material Exercise [& Homework]

O Leaving the Sketchbook
We’ve spent our time inside the online sketchbook. Let’s look at how we might use Sketchingpy elsewhere.

3 3 My love letter to Adobe Flash None - Run static
(Owens 2021) - Run in notebook
- Run locally
- Runin browser

O Plan

@ Revisiting your plans for your final visualization, how do you feel? This check in moment allows participants to talk to
@ cach other and with the instructor.

o 34 e Introducetheﬁnalagam Flnalques’uons ...........................
o - Share sources of data from - [Due final] Final interactive viz
() instructor
®
®
O Design
High level opportunity to structure each participant’s thoughts around their final work
..... 35 e SketchmgforstructureJourney Sketchmg
feelings - Coding / design help
O Data
The next step is to assemble the data for the project.
..... 36 s Rewsmngllcenses B
- Revisiting OpenRefine - Coding help
O Sketch
Start sketching in code
..... 37 e ReV|S|st|ngdatarecords g
- Revisiting code structures - Coding help
O Iterate
Continue sketching in code
. 38 i Tlpsfromprofessor e e e
- Revisiting QA - Coding help



Final

@ Let's wrap this up.

Day Reading Material Exercise [& Homework]

O Look Back

A quick look back at our work together.

..... 39 e Comprehendmg Groupshareonprogress

communicating, constructing - Coding help

O Look Forward

A quick look back at our work together.

e eeteeesteeereeenes eeesseeesseesseesssessssesaseesssesssesssseesneesanees Thankyoufromlnstructor Groupsharewhatwelearned

O Final

- Group share what we want to
do with it
- Final coding help

We use our final time together during finals week to share our work with each other, celebrate our new tool chest, and
experience the diverse interpretations of this curriculum.

None Peer sharing in which
participants split into two group
and have two sessions of
presentation (group a shares to
group b then visa versa) in a
booth setting.
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