
CSE 512 - Data Visualization 

Narrative Visualization

Jeffrey Heer  University of Washington 
(with material from Edward Segel & Jessica Hullman)



STORYTELLING 
as ancient as mankind



PEOPLE TELL STORIES

WORDS TELL STORIES

IMAGES TELL STORIES

COMICS TELL STORIES

MOVIES TELL STORIES

STORYTELLING 
across various media



narrative (n): An account of a series of 
events, facts, etc., given in order and with the 
establishing of connections between them. 

Effective story-telling “require[s] skills like 
those familiar to movie directors, beyond a 
technical expert’s knowledge of computer 
engineering and science.” - Gershon & Page ‘01

Narrative Story-Telling



Lead / Nut Graf



Lead / Nut Graf

Anecdotal Lead



Lead / Nut Graf

Nut Graph









Narrative visualization design 
Navigation in interactive documents 
Chart sequence models 
Automatic augmentation for communication 
Collaborative visualization

Topics



Storytelling 
… with data?



1856 “Coxcomb” of Crimean War Deaths, Florence Nightingale

“to affect thro’ the Eyes 
what we fail to convey 
to the public through 
their word-proof ears”



Obesity Map Vadim Ogievetsky



Obesity Map Vadim Ogievetsky



! Pac-Man
! Vernacular vis

http://www.boingboing.net/2006/11/02/hilarious-piechartvi.html



boring?afterthought
support

small



guided

center stage

interactivestandalone

http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html


http://www.youtube.com/watch?feature=player_detailpage&v=hVimVzgtD6w%23t=159s


Holograms?

Narrator



Narrative Devices for Storytelling with Data

  What devices communicate effectively?

       ... for which contexts and audiences?



Narrative Visualization 
Design Space



58 
CASE STUDIES

70% Journalism
20% Business
10%  Research



Grab attention with 
image and position

Matching on 
content

Visual 
prominence

Reduced visual priority



Beginning

Middle End

Epilogue



Establishing Shot

Checklist 
Structure

Progress Bar Cue to Action

http://www.gapminder.org/downloads/human-development-trends-2005/


Timeline Slider

Annotations Tell Story

Tacit Tutorial

Interactive Slide Show

Animated Transitions



Consistent
Visual Platform

Introductory Text

Drill-Down Story

Anecdotal Stories with 
Data Stories



Case
Studies

Observed Narrative Devices



MAGAZINE
STYLE

ANNOTATED
CHART

SCIENCE FAIR
POSTER

FLOWCHART COMICSTRIP SLIDESHOW MOVIE

Visual Design

Interactivity

Details on 
Demand

Highlighting
Filtering

Selection

Timelines

Tacit 
Tutorial

Navigation

Messaging

Attached
Article

HeadlinesInterpret

Captions

Summaries

Duo-
Specific

Annotations

MORE
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http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
http://vis.stanford.edu/papers/narrative
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Genres for Narrative Visualization (2010)
Missing “scrolly-telling” designs…



Author Driven
strong ordering

heavy messaging
limited interactivity

Reader Driven
weak ordering

light messaging
free interactivity

martini
glass

interactive
slideshow

drill-down
story

STORYTELLING

SPEED

CLARITY

ASK QUESTIONS

FIND

EXPLORE

Genres + Interactivity + Messaging =

DESIGN SPACE

http://www.guardian.co.uk/business/interactive/2009/mar/24/rpi-inflation?intcmp=239
http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html
http://www.washingtonpost.com/wp-srv/special/world/north-korean-prison-camps-2009


Interactive Documents: 
Steppers, Scrollers, …



Stepper

http://www.nytimes.com/interactive/2010/02/02/us/politics/20100201-budget-porcupine-graphic.html


NY Times 
2014

Scroll

http://www.nytimes.com/interactive/2014/07/03/world/middleeast/syria-iraq-isis-rogue-state-along-two-rivers.html


http://www.r2d3.us/visual-intro-to-machine-learning-part-1/


Different means for narrative navigation. 
A source of debate among practitioners! 

Discrete step vs. Continuous scroll

https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe


Different means for narrative navigation. 
A source of debate among practitioners! 
Step: sequential frames as in a slideshow 
Simple and familiar, but less engaging? 

Discrete step vs. Continuous scroll

https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe


Different means for narrative navigation. 
A source of debate among practitioners! 
Step: sequential frames as in a slideshow 
Simple and familiar, but less engaging? 
Scroll: continuous navigation of page 
Parameterize content by scroll position 
May cause usability / scrolljacking issues 

Discrete step vs. Continuous scroll

https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe


Different means for narrative navigation. 
A source of debate among practitioners! 
Step: sequential frames as in a slideshow 
Simple and familiar, but less engaging? 
Scroll: continuous navigation of page 
Parameterize content by scroll position 
May cause usability / scrolljacking issues 
Hybrids: scroller with discrete sections

Discrete step vs. Continuous scroll

https://eagereyes.org/blog/2016/the-scrollytelling-scourge
https://medium.com/@zanarmstrong/why-choose-scrollytelling-steppers-155a59dd97fe


Do-It-Yourself 
Monitor scroll position & element positions 
Guidance: M. Bostock, J. Vallandingham 

Third-Party Support 
Idyll: Markup for Interactive Documents 
Scrolly Helper Libraries

Narrative Implementation

https://bost.ocks.org/mike/scroll/
http://vallandingham.me/think_you_can_scroll.html


https://idyll-lang.org/


https://idyll-lang.org/gallery/kernel-density-estimation


Chart Sequence Models



Multiple Charts in Data Analysis



Multiple Charts in Story Telling



In many cases, data is conveyed 
via a sequence of charts. 

How might we evaluate different 
orderings of visualizations?



GraphScape: A Directed Graph Model

ADD_COLOR

Remove 
Color

Add Color

Nodes are Vega-Lite specifications. Edges represent edit 
operations, weighted by estimated transition costs.

[Kim, Wongsuphasawat, Hullman, Heer, CHI’17]



Add Size(count)

Bin

Add Filter

Bin

“Too many data points !”
Random 
Sample

Binned Scatter Plot

Design Alternatives

…
…

…



B

PA→B

A

Path Elaboration

Heer, Jeffrey and George G. Robertson.  
“Animated Transitions in Statistical Data Graphics.” IEEE Trans. Vis. Comput. Graph. 13 (2007): 1240-1247.



C

B

A

PA→C→B

Heer, Jeffrey and George G. Robertson.  
“Animated Transitions in Statistical Data Graphics.” IEEE Trans. Vis. Comput. Graph. 13 (2007): 1240-1247.

Path Elaboration



Sequence Recommendation
Sequence  

Cost

: 10

: 12

: 13

…



Learning Edge Weights

A

B

?

Given a reference 
chart, what should 
come next? 

Triplet judgments 
express inequalities 
among edits. 

We encode these in 
a linear program. The 
solution gives us cost 
estimates for each 
edit operation type.

Asks the question: 
Is Drop Fieldy < Add Fieldcolor?



Sequence Cost Model

Chart Sequence Transition (Edit Distance) Cost
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Sequence Cost Model

Chart Sequence Transition (Edit Distance) Cost



Sequence Cost Model

Chart Sequence Transition (Edit Distance) Cost

Consistency Weight 
(Promote Parallelism)

Filter Cost



Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs



Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs



Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs

Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs



Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs

Sorted by
Sum of Transition Costs
+ Starting Condition
+ Filter Walk Direction

(b) USA Cars 
in 1976Cars in 1980 European 

Cars in 1980
USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1976 → 1980

Add Filter
Region : Europe

Modify Filter
Year : 1980→ 1976

Modify Filter
Region : Europe → USA

Modify Filter
Year : 1976 → 1980

=1.1-0.9 +1+1
+1 =1.0

2.1

Filter walk direction score Year

Region

=1.0+1

+1 =2.0

3.0

Filter walk direction score Year

Region +1

Sorted by 
Final Sequence Cost(c) USA Cars 

in 1976 Cars in 1980 European 
Cars in 1980

USA Cars 
in 1980Cars in 1976 European 

Cars in 1976
Empty
Chart

Edit operations
from a null chart

Modify Filter
Year : 1980→ 1976

Remove Filter
Region : USA

Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern
Add Filter
Region : Europe

Modify Filter
Region : Europe → USA

Pattern

Modify Filter
Year : 1976 → 1980

Modify Filter
Region : USA→ Europe

Modify Filter
Year : 1980→ 1976

Remove Filter
Region: Europe

Modify Filter

Year : 1976 → 1980

(a) Cars in 1976USA Cars 
in 1980

European 
Cars in 1980 Cars in 1980USA Cars 

in 1976
European 

Cars in 1976
Sorted by
Sum of Transition Costs

Begin with the empty (null) chart 
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Prioritize sorted filter criteria 
Penalize unsorted orders

1976 < 1980
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Find maximal repeating transition patterns 
Determine fraction of transitions they cover 
Weight overall score by this term



Sequence Cost Model

Chart Sequence Transition (Edit Distance) Cost

Filter CostConsistency Weight 
(Promote Parallelism)
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GraphScape

Other

Evaluation with 55 subjects, 
recruited via Mechanical Turk. 

Subjects rated quality and clarity 
on a 5-point Likert scale. 

In all but one case, GraphScape’s 
top pick among highest-rated. 

GraphScape correlates strongly 
with subject rankings (ρ = 0.80, p 
< 0.001) when both transition & 
sequence terms are included.

Sequence Ratings



Previously we’ve discussed approaches for 
automatic design of a single visualization. 

GraphScape supports automated design 
methods for collections of visualizations. 

Plenty of future work to do here!

GraphScape



Automatic Augmentation of 
Charts for Communication



Given existing visualizations, can 
we adapt them to communicate 

more effectively?



Graphical Overlays  [Kong et al. ‘12]

Add (interactive) reading aids to bitmap charts!



Graphical Overlays  [Kong et al. ‘12]

Add (interactive) reading aids to bitmap charts!



Graphical Overlays  [Kong et al. ‘12]

Add (interactive) reading aids to bitmap charts!



 Annotated Visualizations in News



Annotations Tell a Story

Can we produce an automated solution?



Closing price 

Volume sold 

Input: news article about a company

 Article  
 Corpus

 (obtain stock data)

   Query

 (process text)

Generate features,  
Select annotations

 (visualize)

Contextifier System [Hullman et al.]



Relevancy Feature

 Article  
 Corpus

Do other articles that mention the 
company have relevant content? 
Use Kullback-Leibler divergence 
to measure difference.

DKL (P ||Q) = P(i)log P(i)
Q(i)i∑



Prioritize dates with unusually high 
numbers of company articles.

Count

Date

Volume time series

Article Volume



Visual saliency proxy via simple 
analyses on stock series. 

max(t), min(t) 
ti – ti-1

Visual Saliency



Public Visualization 
as Survey Instrument



Harry Potter is Freaking 





http://www.nytimes.com/interactive/2011/11/09/us/ows-grid.html


https://www.nytimes.com/interactive/2017/01/15/us/politics/you-draw-obama-legacy.html

