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Expectation 
Visualization

Ian Wesley-Smith, Lovenoor Aulck, Yea-Seul Kim
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“What if visualizations allowed people 
to draw their expectations of the data 

prior to viewing?“



5



6



7



8

Define design space

Identify application

Validate effectsBuilding Tools

Process
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INFOVIS 15 Workshop Paper

Described the design space of EV

Proposed applications 

Suggested ideas for future research.
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Define design space

Identify application

Validate effectsBuilding Tools

Plugging data

Drawing interaction

Visualizing true data

Visualizing aggregated data

Annotating personalized feedback

Scope
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1 2

3 4

Storyboard – Line Chart



12

1 2

3 4

Storyboard – Bar Chart
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Prototype



14

Prototype
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Questions

How to visualize aggregated data? 

How to annotate personalized feedback? 
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Spatial-Temporal 
Visualization of Interactions 

for Qualitative Analysis
Fida AlSughayer

CSE512 – Data Visualization

Final Project
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Dataset

- Pair-programming interactions and 
interruptions [based on data logs 
extracted from videos].

- The spatial and temporal distribution of 
cameras and video feeds [based on video 
files metadata].

Problem

- Wide Field Ethnography (WFE) Research 
team.

- 6 terabyte dataset of video, audio, 
photos, and screen capture, transcripts 
and logs.

- Software Engineers at work.
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Past Solutions
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Scope & Progress
- Motivated by loops of 

exploration (search focused on 
discovery) and investigation
(search focused on a targeted 
query).

- It has a great need for context of 
data, rather than isolated 
statistics.
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For your feedback:
1- Comments on the effectiveness of heatmaps with connection to a 
timeline.
2- Suggestions on the transition between different views of interaction in a 
Focus+Content manner.
3- References to relevant visualizations in the realm of: workplace 
interaction, multimedia data viewing, temporal view of heatmaps,
4- References to research groups on campus who are using visualization for 
qualitative analysis.
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Exploring Frame-Annotated 
Documents

Elizabeth, Lucy, George & Maarten
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Motivation

● NLP for social science applications
● Text documents annotated with various labels
● Documents span various other dimensions

Latin or English? Year More labels ...

Latin 1500s ...

English 1590s ...
Two households, 
both alike in 
dignity,
In fair Verona ...

Lorem ipsum  
dolor sit amet, 
consectetur 
adipiscing elit...
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The Media Frames Corpus (Card et al. 2015)

● News articles about
○ Marriage Equality
○ Smoking
○ Immigration

● 15 “framing dimensions”
○ Economic, moral, quality of life, etc.

The way issues are framed 
influences the reader’s opinion
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What the data looks like

● Text spans are annotated
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What the data looks like

● Text spans are annotated
● Annotators don’t always 

agree
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What the data looks like

● Text spans are annotated
● Annotators don’t always 

agree
● Spans aren’t predefined
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Related Work: Jigsaw

http://www.cc.gatech.edu/~stasko/papers/vast07-jigsaw.pdf
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Related Work: MITextExplorer

http://nlp.stanford.edu/events/illvi2014/papers/oconnor-illvi2014.pdf
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Related Work - What we want to do differently

● Streamlined version of some tools
● Find interesting overall patterns and still 

have the raw data
● Target audience: social science collaborators, 

somewhere in between a lay person and an 
analyst
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Our proposed tool

About: app                About: corpusExplore
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Prototype



32

We learned from A3 that...

● Exploratory tools are good, but ...
● Better when it’s guided exploration
● Our solution:

○ A focused landing page (e.g. one result)
○ “About this corpus” tab
○ “About this tool” tab
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Questions

● Would this tool be something you could use?
● Do you think this tool would be helpful for 

solving the issue of having to make sense of an 
abundance of text data?

● What aggregate statistics over the entire corpus 
would be helpful for exploration?

● Any of you who worked with text in A2/A3, do 
you have any words of wisdom?
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Data Exploration 
for 

Feature Engineering

Jin Qu, Christopher Clark, Mohit Jain, Gagan Bansal
University of Washington
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Feature Engineering

Transforming ‘raw’ data (such as documents, click logs, raw 
sensor data) into feature vectors that can be used in 
machine learning algorithms

Often of the main focus of machine learning practitioners 
in industry
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Visualization for Featuring Engineering

One the feature vectors have been built, they can be loaded into most existing data 
visualization tools

But current tools provide no way to ‘look back’ to see the sources that were used to 
build the feature vectors

Makes these tools practically useless for feature engineering

We need a way to integrate source documents into data exploration tools
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Prior Work
Several Machine Learning + visualization research papers:

Human-guided ML, Labeling data, Interactive ML, ML performance analysis tools, etc.    

Feature engineering + Visualization paper:

Only for text classification [1]

Does not link back to the raw data [2]

[1] FeatureInsight: Visual Support for Error-Driven Feature Ideation in Text Classification. Michael Brooks, Saleema Amershi, 
Bongshin Lee, Steven M. Drucker, Ashish Kapoor, Patrice Simard. IEEE VAST 2015.
[2] FeatureForge: A Novel Tool for Visually Supported Feature Engineering and Corpus Revision. Florian Heimerl, Charles 
Jochim, Steffen Koch, Thomas Ertl. COLING 2012.
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Example: Document Layout Analysis

Attempt to identify section titles 
within scholarly articles

Images of candidate section titles 
can be rendered offline

Rendered images and features can 
be loaded into our tool (through a 
webpage) and explored

1,candidate0.jpg,0,13.0,1.0,0.0,12.0,1.0,1.0,0.0,0.0,2.0,1.0
1,candidate1.jpg,0,12.0,1.0,0.0,11.0,1.0,1.0,0.0,0.0,3.0,0.0
1,candidate2.jpg,0,6.0,1.0,0.0,5.0,1.0,1.0,0.0,0.0,2.0,0.0,
0,candidate3.jpg,0,2.0,0.0,1.0,0.0,0.0,0.0,1.0,1.0,2.0,0.0,

...
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Questions

Feature engineering visualization: Scatter plot? Parallel coordinates? Etc?

Different source viewer: Image? Pdf document? 

Other kinds of sources that would be useful: Json? Tables?
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Teaching ML for Image Generation
Goal: Educational tool for machine learning      

Example case: prediction of photoluminescence data from atomic force 
microscopy data using decision trees. 

[Insert sketch of final product here]
Potential tuning knobs to 
provide users:
・ Tree depth
・ # of decision trees
・ # of surrounding pixels 
・ train/test split
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Simplest Version of Design Users can select a pixel and see how the 
decision tree predicted the output value

Tree used to predict resulting pixel value Prediction of pixel and surrounding pixels

To add: user controls for 
model hyperparameters
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Potential User Controls
Tree depth

Number of trees

# of surrounding pixels

Train/validation split  (under/over-fitting)

vs

vs

vs
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Prior (similar) work
Visual Introduction to Machine Learning

(classification w/ decision tree)

Tensorflow

(neural networks)

Our tool's differences:
・ continuous output
・ hyperparameters' effect 

on prediction quality
・ generation of an image, 

rather than classes 
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Design Addition Ideas
"carousel" of trees in forest graphical history of explored space 

tree depth
N

um
be

r o
f t

re
es

best result

Mean Squared Error
Best possible: 0.125
Your best:  0.999
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Questions
● How to visualize trees with depth > 5     (crowding)

● Focus options:
○ decisions made at each tree node, given a pixel
○ prediction quality
○ "Forest" of trees

● How many tuning knobs to provide: 
○ Tree depth
○ Number of trees
○ Number of surrounding pixels

● How to display "best score" and space explored. 
○ If 2 nobs, can explore a 2D space

● Convey relative importance of each image?
○ What metric of importance?  
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Interactive learning for 
hierarchy of concepts

Adwin Jahn, Ryan Maas, Harley Montgomery 
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Concepts

• System : Question hand -> 
little finger 

• User : Yes 

• N^2 /2 questions

MAP solution
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Relevant Work and 
Difference

• questionnaire 

• video

• visualize the current state to 
the user 

• show the hidden edges  

• minimize the difference 
between sequence 

Crowd Sourcing Version Interactive Learning Version
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Learn How the Machine 
Learns

Step 3 Step 5 Step 10
• System : Question hand -> little 

finger 

• User : Yes

• System : Question back -> 
Stomach 

• User : No

• System : Question knee->heel  

• User : No
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Hidden Edges

Food

FruitVegetable

AppleTomato
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Current Progress and Minimize 
the difference between sequence
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● Climate change is one the greatest environmental and communication 
challenges of our time
○ Multiple sources of variable data
○ Small changes in data (eg. degrees Celsius) constitute major change on a 

global scale
○ Audience with varying levels of expertise and ability

● Target audience is consumer online content (potentially via Inside 
Climate News)

● Goal: Create a visualization that truthfully displays multiple sources of 
variable data in a way that is convincing to the general public
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Relevant prior works

● http://climate.nasa.gov/interactives/climate-time-machine
○ Displays gradual changes in global variables over 

time
● http://climate.nasa.gov/images-of-change

○ Shows before and after satellite imagery using a 
simple interface, visually impactful
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● Past communication efforts have focused on gradual changes
○ We want to emphasize how dramatic these changes have really 

been by showing only 2 data points using before and after 
photographs and data

● Past communication efforts have tended to obscure HOW we know what 
we know
○ We want to emphasize that there is a scientific basis behind the 

data we show
● Past communication efforts have focused on pre-satellite era data

○ We want to emphasize how much climate change has occurred 
since 1979



58

Storyboard
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Storyboard
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Data Relevant Prior Work Storyboard

Impacts of climate change on peak wildflowers

Rachel Li, Xiaojing Zhu, Guanming Wang

University of Washington

May 18, 2016
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Data Relevant Prior Work Storyboard

Problem Description

• Janneke Hille Ris Lambers from Department of Biology, who
is interested in forecasting the impacts of climate change on
species distributions, population dynamics, and community
structure of wild flowers

• Our project: Impacts of climate change on peak wildflowers

• The goal is to develop a visualization that displays the
dynamic change of snowmelt and blooming for each species
and locations over the summer season for each year
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Data Relevant Prior Work Storyboard

Data Description

• Data is collected between 2013-2015 by 70+ volunteers along
one of the hiking trails in Mt. Rainier.

• The data set contains
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Data Relevant Prior Work Storyboard

Relevant Prior Work

1. The USA National Phenology Network

2. Project BudBurst
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Data Relevant Prior Work Storyboard

Storyboard
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Data Relevant Prior Work Storyboard

Questions for You

• What is your least favorite part of the design?

• Is there anything you find confusing?

• How di�cult is it to do a visual search of the flowers? Any
alternative approach you’d like to suggest?
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Mul$modal)Oceanographic)Data)
Visualiza$on))

)
Peiran)Liu,)Mengjie)Pan,))
Alex)Tank,)Yali)Wan)
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The)problem)

•  Goal:)simultaneously)interpret)data)from)
Mul$beam)sonar)and)Blueview)sonar)and)
iden$fy)interes$ng)cases)(e.g.)school)of)fish))

•  Dataset:)matrices)of)intensity)values)
•  Data)size:)15)days,)96)records)a)day,)150)
pictures)per)record)

)
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Mul$beam)Sonar)

3)
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Design)and)Storyboard)
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Relevant)Work)

•  Scripps)Whale)Acous$c)Lab)at)USCD)uses)longX
term)spectral)average)plot)to)visualize)$me,)
frequency,)and)spectral)level)simultaneously)
and)iden$fy)acous$cally)significant)
events�like)whale)calls.)
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Current)Progress)
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Issues)

•  Big)data)preprocessing)
•  Use)of)mean)or)max)or)other)sta$s$cal)
summary)to)iden$fy)significant)changes)
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River Plume 
Salinity

Chung, Kim, Klyne, Potdar
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Sam Kastner, Ph.D. Candidate

Civic and Environmental Engineering 
and Applied Physics Lab
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Where does the water go?

Can fresh water mixing with ocean water be modelled by 
wave height and salinity? 
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About the Data

● Fraser River Delta
● 6 buoys
● Collecting multiple dimensions 

of data (i.e. wind height, wind 
direction, etc.)

● Deployed over 10 days
● Sampled every 12 minutes
● Collected for 4 Hours each day
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Current Visualization Techniques
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Potential Improvements

● Provide ability to 
compare data

● Allow filtering of data
● Improve data 

encodings
● Improve workflow

Insert sketch here?

:)

https://powerbi.microsoft.com/en-us/documentation/powerbi-service-tutorial-filled-maps-choropleths/
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Relevant Work

ColorMoves 
Samsel et. al.
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Ideation Sketches
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Questions

● When applying cross-filtering, how many dimensions 
can you include before it causes too much cognitive 
overload?

● How can parallel coordinates and cartographic 
visualization be cross-brushed?

● How can data of varying ranges be compared easily? (i.
e. wave height ranges vs. wind speed)
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Celicia (See-C)
A Visual Debugger that draws memory the way you think about 

memory.
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Prior Work
● DDD (Data Display Debugger)
● JGrasp
● Python Tutor
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Prior Work
● DDD (Data Display Debugger)
● JGrasp
● Python Tutor
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Prior Work
● DDD (Data Display Debugger)
● JGrasp
● Python Tutor
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Cecilia is Different
● Visually distinguish types: programmer can alter defaults dynamically (“Tableau 

for debugging”)
● Visually indicate scopes
● Separate stack and heap data
● JS instrumentation lets us step forward and backward through time
● Minimize context switching by visualizing program state alongside code, even 

while editing
● Programmer can provide semantic information about their program to associate 

variables
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Separate Stack, Scopes, and the Heap
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Editing View
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Variable Associations
● Array Bounds

○ Logical
■ Current
■ Next

○ Physical

● Array Indices
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Data Hiding
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Project Plan
● Design and Storyboarding            (100% - Pending Feedback) (Ben and Julie)
● GDB Integration                            (80% - In Progress) (Ben)
● IDE Integration                              (20% - In Progress) (Julie)

○ Embed Visualization in IDE Window
○ Parse C

● Customizing Visualization                     (Ben)
○ Code Annotation

● Visualization of Debugging              (Ben and Julie)
○ Interactive Elements
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Questions
● What do YOU draw when you are writing C?
● How do we balance grouping scopes and grouping variable associations?
● How do we balance grouping variable associations with one memory location <-> 

one display location?
● How much of a data structure should be shown by default?
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Exploratory Performance Analysis of 
Query Execution Engines 

Helga Gudmundsdottir 

-- CSE512: Final Project Progress Presentation -- 

1 
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2 
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Related Work 

3 



96

4 

Greinir: 
A toolkit for analyzing performance characteristics of data analytics systems 

Database(s) 

Workload 

Schema 
Specification 

g.KnowledgeBase: 
-  Simple queries with 

extracted features 
-  Performance metrics 

(query runtimes, per-
node resource utilization)  

Workload 
Parameters 

Deployed 
System(s) 

Deployment 
configs 

g.Query 

g.Runner 

SUT SUT SUT 

g.KnowledgeBase 

g.Viz: 
-  Interactive performance 

exploration! 
-  Support in-depth 

analysis 

g.Core g.Viz 
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Initial prototype -- http://cse512-16s.github.io/a3-helgag/ 

5 

How to use color? 

How to deal with 
domains of axes/
zooming? 

Many more 
features… 

Dynamic  
number of 
systems? 
 
Different level  
of detail? 
 
When to zoom/ 
what to zoom? 
 
Different 
performance 
metrics? 
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Clustering and classification 

6 

Feature importance scores 

Decision Tree 

How to use color? 

How visualize 
branches/leaves?  
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Questions & Challenges 

•  Goal: aid exploration, comparison between systems, grouping queries 

•  High dimensionality – avoid clutter but not hide potentially interesting 
information 

•  How to deal with coordinated views? 
- Should axes be static/elastic? Zoom one, zoom all? 

•  How to deal with outliers? 

•  How to incorporate output from machine learning algorithms? 

7 
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Final Project Progress
Ryan McGee
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Problem

Make sense of large interaction networks
Understand community structure
Understand the influential/defining players in 
communities

In Practice: Using citation networks to understand 
the structure of science

How are fields and subfields organized?
How do implicit fields apparent in citation networks relate 
to explicit institutional fields (departments)
What are the most important works and authors in given 
fields?
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The Data

Citation network 
JSTOR citation data for 1.7 million papers

Scientific Fields & Subfields
Identified using Map Equation on the citation network

“Impact Score” for each paper
Calculated using Eigenfactor metric
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Motivation for Visualization

Understand structure of scientific fields/subfields

Identify the top papers in various fields/subfields

Identify where subfields/papers/authors of interest 
lie in the overall structure of science

Gain insight about interdisciplinarity of 
papers/authors
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Previous Visualization
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Previous Visualization
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Previous Visualization
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Collapsible Tree
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Collapsible Trees
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Degree-of-Interest
Trees
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Contributions of this work

• Implement a fully-featured DOI tree for web with D3
• Optimize focus-context tree layout using interest scores
• Search the tree for fields, paper content, authors, etc

• Apply interest, highlighting, other viz to search results
• General purpose (not data specific)

• Option to use Eigenfactor impact scores in interest 
calculation for DOI layout

• View content for selected/searched nodes at any level 
(e.g., top papers)

• Visualize interdisciplinary connections between nodes
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Feedback

General comments and ideas

How to handle nodes being highlighted by multiple 
selections/search terms?

Also nodes being highlighted by multiple ancestor paths

Layout of page reasonable?
Concerned about small screen sizes

Recommendations for search approaches?
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Visualizing Protein Folding 
Data Using Time Curves

Arushi Prakash
Department of Chemical Engineering,

University of Washington, Seattle
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Problem Statement

Data properties
• LOTS
• Time series
• Fluctuating
Standard visualization options
• See the video
• Plot a line curve
Problems
• Difficult to track by eye
• Association between variables not apparent
• Back and forth between tools
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Literature Review

*Bach et al. 2015, IEEE Transactions on 
Visualization and Computer Graphics

Visual Molecular Dynamics

Wikipedia lists ~60 software for macromolecular visualization, 
including 5 web-based engines
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Storyboard
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Feedback

• Clarity of Visualization
• Clusters, Points, Curves
• Contrast

• Additional interaction options 
• Ways to show underlying data
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Progress

• Sum of squares distance algorithm vs 
Manhattan/Taxi-cab distance metric

• Multi dimensional scaling 
• Points colored according to time
• Time curve faded
• Sliding bar updates the curve like a “movie”
• Option to see clustering between 1-3 variables
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Mouse-over
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Feedback

• Clarity of Visualization
• Clusters, Points, Curves
• Contrast

• Additional interaction options 
• Ways to show underlying data


