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Breaking the Fourth Wall of Data Stories
through Interaction

Tian Gao Xiaohan Jiao Nan Cao




Interaction in Data Stories

Data stories, as a communication medium, are increasingly integrating
interaction to support exploring their essential elements: data, narrative, and

visuals.
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Breaking the Fourth Wall through Interaction

By directly requiring input from readers, data stories combines interaction with
the narrative device, breaking the fourth wall (BTFW).

-
/

The Fourth Wall o The Fourth Wall




ldea
Ml E?

Seven
Genres

\
i
b

Fi

T
(Il

T
I

g -t 94 *a

Magazine Style Annotated Chart Parttioned Poster

&% __ APL

:
|

o=>[l] e o]
12 Y O

R
Floww Chart Comic Strip Slide Show Film/Video/Animation

Fig. 8. Genres of Narrative Visualization.

Segel, E., & Heer, J. (2010). Narrative visualization: Telling
stories with data. IEEE transactions on visualization and

computer graphics

LAYOUT » Large panel Annotated Grouped Tiled Parallel Grid Network Branching Linear
1 d |—',—| '—'|—||—'|_| L oo
RELATION I “_ |

.t
o Exposé &
Narrative State panels % Blilgier T State panels # Flashback # Multiple explanations
explanations Question & answer %
Temporal Time-overiay Time-nesting Moments Before/After % Time-grid Time-States Altemative tracks D EEETED 7
Overview+detail %
Contrast # . Overview-+detail %
i e face > Alternatives
Faceting Multiple facets # Alfomalives % Multiple facets s ernatives 4 Gradual Reveal
" Build-up * Legend %
Visual Encodin Legend %
sua coding g Annotated transition #
Overview-+detail * Cut-out Zoom
Granular The larger picture % Lens Cut-out
. * *
Spatial Space-annotations Tiled-polyptych % | Parallel-polyptych % | Grid-polyptych % | Space-walkthrough Pan

Figure 5. Design space for data-comic design-patterns: panel layout (horizontally) and content relation (vertically). Darker cells indicate more patterns.

Bach, Benjamin, et al. "Design patterns for data comics."
Proceedings of the 2018 chi conference on human factors in

computing systems.




ldea

e~ BEEEEEE Yang Shi, Xingyu Lan, Jingwen Li, Zhaorui Li, Nan Cao
}A{ﬂ m ;E? ~ ESEREET Communicating with Motion: A Design Space for Animated Visual Narratives in Data Videos
¢ 111 In Proceedings of the ACM CHI Conference on Human Factors in Computing Systems (SIGCHI2021)
© Dl ol ol ol ol
S ™ * lt . — —\n\
=== - . L EEE XIS : BhEIR T
Seven = = =1 |o
Genres = l‘ = e &o Y| N i Xingyu Lan, Xinyue Xu, Nan Cao
=== i B s — B || [r—— Understanding Narrative Linearity for Telling ExpressiveTime-Oriented Stories
e — R ol S In Proceedings of the ACM CHI Conference on Human Factors in Computing Systems (SIGCHI2021)
Magazine Style Annotated Chart Parttioned Poster 0 & R
— - Letd ¢ § e Bt * I__:E A :t S
e o /£ =3 - S HIEWS: St
o>l =
= W Xingyu Lan, Yang Shi, Yueyao Zhang, Nan Cao
be 7 = = W¥= — U T o] Smile or Scowl? Looking at Infographic Design Through the Affective Lens
Flow Chart Comic Strip Side Show Film/Video/Animation [ SR s f i IEEE Transactions on Visualization and Computer Graphics (IEEE PacificVis 2021)
Fig. 8. Genres of Narrative Visualization. ST %.- ,§\ ¥ 'I%@iﬁi‘l‘

Segel, E., & Heer, J. (2010). Narrative visualization: Telling
stories with data. IEEE transactions on visualization and T T BT Xingyu Lan, Yang Shi, Yanqiu Wu, Xiaohan Jiao, Nan Cao

computer graphics R pee Kineticharts: Augmenting Affective Expressiveness of Charts in Data Stories with Animation Design
mEpeswaa Ii;{i Coilad IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
BT R 2t ESE . R EES T
LAYOUT» Large panel Annotated Grouped Tiled Parallel Grid Network B hing L l : : e : : : ; : : . _~ -) : : : é’ l'1 § ﬁ ‘ ﬁ lﬂ,\ + IEI 121
U 1 OO OO0
1] g | %g 0 O . . . . . . .
RELATION j 3;1?3 o ] O - - == e e Leni Yang, Xian Xu, Xingyu Lan, Ziyan Liu, Shunan Guo, Yang Shi, Huamin Qu, Nan Cao
A e + RISt A Design Space for Applying the Freytag’s Pyramid Structure to Data Stories
Temporal Treomey | Treemns | M R e IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
. IEFacet.ing — Multiple facets % Atoeiives & | MUl facels % Alternatives _ z eiiual Rf:::{:d* . | ; ; ; ' LA * & ;E * lt . t *’] > JL \+
ding Ovewiei;‘d - - Annotatzed transition I - : y myﬁ o zn A 121
Granular The larger picture % Lens Cl?t?g:ﬂ
Spatial Space,amma“oﬂ: Tiled-polyptych % | Parallel-polyptych %| Grid-polyptych Spaco-wa\kmrougz Pan LY —m
Figure 5. Design space for data-comic design-patterns: panel layout (horizontally) and content relation (vertically). Darker cells indicate more patterns. - . ur‘ ﬁlngyt.l‘l L;n’ Yt.anqluPWl:lt’, Yagg tShl’ Q|’;‘ gE Cll‘e'," N;‘n gao . t. f N t. N t . S N D t S t »
Bach, Benjamin, et al. "Design patterns for data comics.” —mmaEs _ | In Procoedings of the ACM CHI Conference on Human Factors in Computing Systems (SIGCHI2022)
Proceedings of the 2018 chi conference on human factors in E _ = @

| BiEWE: Rt




ldea

-~ DEEeEEE Yang Shi, Xingyu Lan, Jingwen Li, Zhaorui Li, Nan Cao
}A{ q Ii I i ;E? '+~ REEEES Communicating with Motion: A Design Space for Animated Visual Narratives i
¢ pyul-——1—11-1 In Proceedings of the ACM CHI Conference on Human Factors in Computing
P00 el ol ol ol ol ol
o BRUL ol ol ol oml ol * lt . — —\n\
== - B s EREEES ENHEANSN . ENERIT
Seven = = =1 |o
Genres = l.i = - &O had o EEm Xingyu Lan, Xinyue Xu, Nan Cao
=== & o~ — B || r—— Understanding Narrative Linearity for Telling ExpressiveTime-Oriented Stories
— — e ol S In Proceedings of the ACM CHI Conference on Human Factors in Computing
Magazine Style Annotated Chart Parttioned Poster o mma | 4 o, e v e
— R— " sneves | g ¢ 1T e el * I__:E A :t S
. = AW/ = FC= =% NIENE: Szt
% : Xingyu Lan, Yang Shi, Yueyao Zhang, Nan Cao
% = — W= — U T o] Smile or Scowl? Looking at Infographic Design Through the Affective Lens
Flow Chart Comic Strip Siide Show Film/Video/Animation [ T'_“. R fi IEEE Transactions on Visualization and Computer Graphics (IEEE PacificVis

Fig. 8. Genres of Narrative Visualization. '/ N __ %I',%\ = : :I%E@iﬁi.l. ” .
VRIS .

Segel, E., & Heer, J. (2010). Narrative visualization: Telling

stories with data. IEEE transactions on visualization and ﬁ s euwa f-= sLreuad Xingyu Lan, Yang Shi, Yanqiu Wu, Xiaohan Jiao, Nan Cao —t \n I
computer graphics R I T ot e Kineticharts: Augmenting Affective Expressiveness of Charts in Data Stories 3& E 12 'l"l'?
mEpeswaa | oaociiia IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
ST B t*_l_ 2 ,l\E’_E— E)J—‘)'L*.r
LAYOUT» Large panel Annotated Grouped Tiled Parallel Grid Network Branching Linear l : : L : : : ; : : . _~ -) : : : é’ l'1 § ﬁ ‘ ﬁ lﬂ,\ + IEI 111
U [ 1 0O OO0
S 1] g | %g 0 O . . . . . . .
reLon E; <Il].jl e S I O R (= e Leni Yang, Xian Xu, Xingyu Lan, Ziyan Liu, Shunan Guo, Yang Shi, Huami
A e + RISt A Design Space for Applying the Freytag’s Pyramid Structure to Data Stories
Temporal s e s IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
- IEFacet.ing — Multiple facets # Atematives % Multiple facets # Alternatives # Bu"d-f::“a' Rfev::;d* 1 l ‘: :.‘ : ';' & A ¥& ;E* lt . t*q sn ‘+
isual Encoding Ovewiei;‘d - _— Annotatzed transition # y I - : y myﬁ [ ] zn A 121
Granular The larger picture % Lens Caég:n
Spatial Space,amma“oﬂ: Tiled-polyptych % | Parallel-polyptych %| Grid-polyptych Spaco-wa\kmrougz Pan LY —m
Figure 5. Design space for data-comic design-patterns: panel layout (horizontally) and content relation (vertically). Darker cells indicate more patterns. - . ur‘ ﬁlngyt.l‘l L;n’ Yt.anqluPWl:lt’, Yagg tShl’ Q|’;‘ gE Cll‘e'." N;‘n gao . t. f N
sech, Borjomin, o1 o “Design pattens for data comice R | e Emotons, Posive Outcomes? Explerivg the Commuricaonof e
Proceedings of the 2018 chi conference on human factors in E _ = @

computing sytems W | mEwE: wEasit




ldea

e~ BEEEEEE Yang Shi, Xingyu Lan, Jingwen Li, Zhaorui Li, Nan Cao
}A{ q Ii I i ;E? '+~ EEEBES Communicating with Motion: A Design Space for Animated Visual Narratives i
¢ . AEEEEE In Proceedings of the ACM CHI Conference on Human Factors in Computing
© Dl ol ol ol ol
S ™ * —\n
=== g penyy = RS NI
Seven = = =1 |o
Genres = l,i = e &o Y| N i Xingyu Lan, Xinyue Xu, Nan Cao
=== o s — B || [r—— Understanding Narrative Linearity for Telling ExpressiveTime-Oriented Stories
— — 2 - e, ==t In Proceedings of the ACM CHI Conference on Human Factors in Computing
Magazine Style Annotated Chart Parttioned Poster 0 & R

== TLLTT | HUEME: iRt

Xingyu Lan, Yang Shi, Yueyao Zhang, Nan Cao

. W — U an ] Smile or Scowl? Looking at Infographic Design Through the Affective Lens
Flow Chart Comic Strip Siide Show FilmAVideo/Animation I e f i IEEE Transactions on Visualization and Computer Graphics (IEEE PacificVis
: . : L il RS L - =t S
Fig. 8. Genres of Narrative Visualization. = ,§\ ¥ '%E}(lxl'l' *& *E E& $ ~
Segel, E., & Heer, J. (2010). Narrative visualization: Telling ;2 ¢
stories with data. IEEE transactions on visualization and ﬁ s euwa f-= sLreuad Xingyu Lan, Yang Shi, Yanqiu Wu, Xiaohan Jiao, Nan Cao —t \n I
computer graphics R ] T Kineticharts: Augmenting Affective Expressiveness of Charts in Data Stories\ A% Elxl'l'?
mEpeswaa I;;g?i Coilad IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
S BT =34 SR+ EhENS T
LAYOUT» Large panel Annotated Grouped Tiled Parallel Grid Network B hing L l : : e : : : :. : : ’ _~ -) : : : é’ l'l § ﬁ lL" + 1
1] 4 HH ¥y 00 oo . . . o . .
ReLATIoN j E;{E | 1 [ i e e - - Leni Yang, Xian Xu, Xingyu Lan, Ziyan Liu, Shunan Guo, Yang Shi, Huami
e —+ RISt A Design Space for Applying the Freytag’s Pyramid Structure to Data Stories
Temporal Toosts | Tmeresns | M S Y| T IEEE Transactions on Visualization and Computer Graphics (IEEE Vis2021)
Vi |EFacet-ing Legend * — e - Bund-ia:ual Rl_ee\l::r:d* | | “' ‘ : ' - *& ;E * t*’] -|-
isual Encoding Ovewiej;jaai‘* . Annotated transition # 1 I = : ﬁ 2 1
Granular The larger picture % :;wosm C;Zli?g:lt
Spatial Space,amma“oﬂ: Tiled-polyptych % | Parallel-polyptych %| Grid-polyptych Spaco-wa\kmrougz Pan LY —m
Figure 5. Design space for data-comic design-patterns: panel layout (horizontally) and content relation (vertically). Darker cells indicate more patterns. = . u n ﬁlngyt.l‘l L;ni Yt.anqluPWl:l t,' Yagg tShl, Q';‘gE Cll‘e'.‘, N;‘n gao ) t. f N
Gach, Benjamin, et ai. Design pattems for data comics M | e e
Proceedings of the 2018 chi conference on human factors in E _ =1 @

computing ytems W | miEsE: wEast

IdeaMel3R? AMENERINXEAMEIRAPELSE, HEI—TrIE4NER




ldea «
OI1a] B B2

INTERACTION MEANS
ACTION Dust & Magnet Zooids
CZD Mark data 1) point with finger, 1) point with finger,
E point as 2) move mouse cursor on  2) stick object besides,
; interesting top, 3) stick object besides  3) put empty glass upside-down over
LJ,'] Highlight 1) click on*, 2) touch* not implemented
% data point *highlights the outline of the point and shows its label
Rearrange 1) create magnet™® 1) create magnet* 2) put points in boxes
% data points labelled with names of dimensions
T  ‘fattracts points based on their values for the dimension assigned to the magnet
A
< Encode not implemented 1) map dimension to color using paint,
= dimension 2) map dimension to sticker shape, color,

texture, size, etc.. and stick on data points
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Communicating with
Interactive Articles

Examining the design of interactive articles by synthesizing theory from disciplines

such as education, journalism, and visualization.

FIGURE 1: Exemplary Interactive Articles From Around The Web. Select an article for more information.
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FIGURE 1: Exemplary Interactive Articles From Around The Web. Select an article for more information.
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Data Collection

We collected a corpus of 58 data stories that leverage BTFW interaction, from
a range of online sources.
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Data Coding

After data collection, we coded the corpus from two aspects: (i) what is the
input of BTFW interaction and (ii) what is the output of BTFW interaction that
responds to the input.

o | P S 102
@© |
Q@ | ; 5
0) I '
e I
|
___________________________ 5 YN SRS SR
3445 )22 N A I
25,2729 |33 :
. e @
(© @ : 6 /)8 )15
& | 37 55 57
1 J11f13]18 : |
5 930 41 44 :
Q SR L SO OO S,
5 |
O |
- @ i c3
o |
I i |
I a . .. .
5 | Each sample in our corpus is visualized
................................ : as a dOt Wlth a unique 1D and is placed
: | : : . . . . .
5 ® | in the grid accorc.:hng to |ts.|nput anfi
& output. A sample is colored in yellow if
I it uses multiple BTFW interaction
I | techniques and can be classified into
i ! i more than one category.
Data Information Knowledge Wisdom
Input
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Data Coding

After data collection, we coded the corpus from two aspects: (i) what is the
input of BTFW interaction and (ii) what is the output of BTFW interaction that
responds to the input.

|
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3i14)5 )22 N A |
25 27 29 33 |
. e -
(qy] @ : : 6 )] 8 )15
& : | 376557 .
1 11f13][18 : :
5 9 30 41 44 ' .
a L s 0 % Wisdom
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O :
- @ i C Knowledge
= 23 31 39 47
= : 52
- |
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| Information
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|
5 (1) |
= Data
O
S
(7)) ; :
| ° ° . °
H | - The data-information-knowledge-wisdom (DIKW) hierarchy [1]
Data Information Wisdom

_ o1 - [1] Ackoff, Russell L. "From data to wisdom." Journal of applied systems analysis 16.1 (1989): 3-9.



Data Coding

After data collection, we coded the corpus from two aspects: (i) what is the
input of BTFW interaction and (ii) what is the output of BTFW interaction that
responds to the input.
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Data Information Knowledge Wisdom
[1] Amini, Fereshteh, et al. "Understanding data videos: Looking at narrative Input

visualization through the cinematography lens." SIGCHI 2015
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Design Patterns

A design pattern of BTFW interaction
describes a cluster of data stories that :
share similar characteristics.

Magic Mirror (CS)

Sg:ntry v| (Height v] Touchstone (CG)
(Weight  v]

Farnce ! - —— : Draw your guess - N
| r

Well Done! |

Output
(

Initial

Establisher

If you live to be

. 100, there will ]
be 55 more total . .
Data solar eclipses in ; (1owledge Wisdom
your lifetime. 5

The design patterns of BTFW interaction, marked as C1-Cé.
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Design Pattern C1

Using Golden Hook, a data story is started with the Establisher based on
readers' personal data or knowledge. It can only be found at the beginning of
the story and is used to help readers quickly understand the topic ot a story.

On Aug. 21, a total solar eclipse will be visible from the contiguous United

States. It'll be the first to traverse coast to coast in nearly a century. There
G O I d e n H 0 O k ( C 1 ) will be 69 total solar eclipses visible from somewhere on the planet in the

next 100 years, but only a few will be visible from North America. See how

many total solar eclipses are left in your lifetime:

Enter your birth year

| was born in the year

1996 1980

If you were born in 1980, you are (or will be) 37 this year. If you live to be

C S e e e Cl | p S e S * 100, there will be 43 more total solar eclipses worldwide in your lifetime.

Many will be over South America. One will only eclipse over water. L3

2017 eclipse Sooner @@ Later
{J Drag the globe to explore the eclipse paths

If you live to be

100, there will ‘
be 55 more total
solar eclipses in A\ /

your lifetime.

Here's every total solar eclipse happening in your lifetime. Is this
year your best chance? (Washington Post, 2017)
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Design Pattern Cé

Touchstone helps reveal the major insight in the Peak of a data story by
prompting readers to make a guess. Before showing the actual data,
Touchstone asks readers to predict it based on their knowledge.

Draw your line on the chart below
Touchstone (C6)
Percent of children who attended college

Draw your guess $

Well Done!

Your guess

Poorest Parents’ income percentile Richest

You draw it: how family income predicts children’s college chances
(The New York Times, 2015)
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User Study

After identitying the six design patterns ot BTFW interaction, we conducted a
user study to understand its benetfits and concerns. The user study consists of
three sessions: the reading session, the interview session, and the recall

session.

Thanksgiving could supercharge transmission rates

o Person with COVID-19

Let's say 25 Thanksgiving tables So we could suddenly go from .. and COVID-19 will
hosted one person with COVID-19. 25 cases to, say, 80 cases ... go with them everywhere
they go.
At some dinners, the disease will speead,
Restavrants
®esee . °
G oo 538 e
- o L)) ° o0 oo o °
e . R4
le . o A 141 000
(8 : )
LX) R
lo o
P - - Teavel
a0
.
¢ Schosis. 8
b33
. 0 coe
- Shopping °ooo0 b+
=4 19 9% .0, °We 8
S eeee o %%° g
sess 3
o olsees o - b33
o °3°® o2
4

Again, the basic principles here aren't new, Benjamin said. The same thing
basically happens with the flu every year, he told me. Kids get exposed at
school and spend the time between Thanksgiving and New Year's passing it
around from one family gathering to another. As the holidays end, flu
season starts to peak.

But COVID-19 is not the flu. It's far more deadly. It's far more debilitating in
the long term. It's far easier to spread even if you don’t have symptoms, or
don’t have symptoms yet. The virus is common enough now in a lot of

0300 Seoe

2333 9988 3333 S388

0300 000

To start, tell us about yourself: If the line in New York was represented by about 100 people, this

where you'd be standing:

How old are you? Th artcle contes belom the maghic

24

,7 o
‘What county do you live in? f v
¢ i 2

Queens County, New York x 4

Do you work in these professions?

© Health care worker

O Essential worker
O First responder
@ Teacher

J worke, you've probd

po) ¢ in 3 vital industry ke (a:';_ 00d o ¢ o h - :

Do you have Covid-related health risks? ﬁ ﬁ

O Yes

@ No b %
tions tied 1 heart gisoase,

o %, b  ODeSly Of othet ﬁ

500 risk of Covid death, |
nocompromised conditions.

N @gé s

No information is stored or saved. i

Is your county ready for rapid mass vaccination? Let’s take a look.

Queens County, N.Y.

Coronavirus vaccination barriers in Queens County, N.Y.

Vaccination barriers in this county are low. No major concerns. However, poor health care
access could be the most problematic.

Historic
undervaccination
Voo Overall level of concern
®; —_—
<ol

4 . Low High
exemption rates

HIGH CONCERN

Irregular
medical care
Pro

Let’s see how well you’ve been keeping track of price tags at the
grocery store.

Prices on the mooo-ve
A gallon of whole milk cost $3.38 last year. How much are Americans
paying now?

$3.21

$3.66 o,

$3.91

$4.15

Yup! The price of milk has gone up $0.28 this year.

US average price: Gallon of whole milk

places that you can’t really be confident that even a small event doesn't $3.65
We've buil lified f how th bl (You'll 200
‘e've built a very simplified version of how those variables interact. (You'|
A < vy 3 P = Health officials have said that the data should not discourage sick
see just how simple in the methodology beneath the simulator.) To be clear, people from seeking care.
this is not about COVID-19 itself — instead, our calculator shows how a g I am female « White + and currently 24 years old.  pause 3.55
theoretical disease we're cal!mg Fictionitis would p¥ny outina popul.auon = ° e
that has never encountered it before and does nothing to try to stop it. Q Queens, New York, United States s s e ol ® AGE OF DEATH OIED $0 FAR  STILL ALIVE 3.50
. ® ® 00 @
Let's design an imaginary disease. Call it Fictionitis. — s (VS ooy A ° : ® oo 66 years 21% 79% o
1. SET YOUR PARAMETERS e 29 L0 S 0% b+ ‘. ® ..Q CAUSE OF DEATH SO FAR
RO Death rate Immunity duration S ove00h A%, ‘“ %) .. @ h 3.40
The average number of people a The percentage of people who die How many days a person is Shons yrwes 8% 2 ‘. . @ ® Blood
contagious person will infect, when  from Fictionitis. immune for after they recover. University Hospital of 2 03 98% v ® 0 ® . A~
no one is immune and people make Brookin (Doweatech) ° : ® E0do =| 3.99
yn, N ntal
no effort to stop the spread. a % e (] p ® : e o X Oct Jan Apr Jul Oct
=@ L] — PRy L ® ° “ 2020 2021
3 1% 1000 Memxial Hospital foe 14 09 9%6% 30 ° o o > m @ y
Cancer and Alled
2. START THE EPIDEMIC Diseases ‘3 e .. :l: e
N kK NY isculoskeletd)
Set five people infected with Fictionitis loose : Ld 4 ® ‘4 e inary
in a simulated population of 10,000. W, P :mﬂmw 3 : % L ] [ ]
yn. N ,w ° Perinatal
. n SR N 8688008 K congenial Bad egg, good egg
estart Woodbull Medical . :
Mental Health Center ses .
e ® z ® F‘“ A dozen Grade A eggs cost $1.41 last year. How much are Americans
Interfaith Medical 6 09 3% Q
3. WATCH THE RESULTS Center o paying now?
el °
Coney Istand Hosphal 13 Try shifting age down to zero and watch the rate of change. One thing that
Current population breakdown Infected population over time Center ©Maobox © CrenSirestitac Impreve this mae Y e g. % # & gis e $1.42
: you should notice is that once you get past year one, it’s low likelihood that
SHARE OF THE POPULATION THAT IS SUSCEPTIBLE © CURRENTLY CONTAGIOUS © EVER INFECTED s ) :
- - you die in the next few decades. It’s not until later years when the dots start
. I l to change color much quicker. You couldn’t see this in the normalized I $1.75 |

Seven data stories about Covid-19 collected for CO-Cé and used as the stimuli in our user study. CO is a non-interactive data story.
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Results and Analysis

Benefits

Build a self-story connection.

“| felt that C4 is quite close to my daily life, as its
narrative was organized around my address.” (P13)

Augment user engagement.

“When | realized that the following narrative could lead
me to understand my personalized visualization in-
depth, | felt very curious and was eager to read it.” (P7)

Improve information recall.

“I thought | only read two stories” (P12)

- 27 -

Concerns

Information privacy concerns.

“It feels like being asked how old | am by strangers in
real lite and it's offensive to me.” (P12)

The balance between interactivity and
comprehensibility.

“l was hoping to learn the reason for the price change,
however, the author ended the story without any
explanation after | answered all the questions” (P2)

The learning curve of interaction.

“one story only shows the results of my input on the
second half of the article. When interacting with it at
the beginning, | thought | encountered a bug since it
did not respond to my input in real-time.” (P19)
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Presentation o
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' Recurrence

Touchstone (C6
efore

showing the actual data, Touchstone asks readers to predict it based
on their knowledge. Then, readers are shown the visualization of the
actual data against their prediction. Meanwhile, visual and textual
annotations are added to the visualization to emphasize the difference
——y Detween readers’ guesses and the actual data.

quickly. The feature of this pattern is that it repeats the already-
told story at the end of the narrative.

Lan, Xingyu, Xinyue Xu, and Nan Cao. "Understanding narrative linearity for telling expressive time-

oriented stories." Proceedings of the 2021 CHI Conference on Human Factors in Computing
Systems. 2021.




Comments from VIS Reviewers

In general, | liked how this paper took an idea that most of us are familiar with

and then gave it a more precise and clear description, drawing from an idea in
theater/movies. | also appreciated how the authors analyzed so many narrative
visualizations and found these ones fitting the category. Then they analyzed each
further to come up with the categories or design patterns for characterizing each
one. | felt that the paper provided good terminology and a framework to discuss
these kinds of visualizations, and | could see this paper being used and
referenced quite a bit in the future.

The paper is also clear and a pleasure to read. It didn't require multiple passes

to begin to understand what the work is about.

ldea + Implementation + Writing

This paper got ideas sparking and | think is a really productive lens for thinking
about how data stories can/do interact with viewers, and even has an ethical
component in terms as per the call in Dork et al. "Critical InfoVis: exploring the
politics of visualization" or providing disclosure, plurality, contingency, and

empowerment in visualization.

ldea

| enjoyed reading the paper as it introduces the concept of breaking the fourth
wall to describe the interaction between readers and data stories, which is
clearly distinguished from the interaction between users and visualization

tools/systems that we normally presume. While the benefit of interaction in

ldea
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Supporting Expressive and Faithful Pictorial
Visualization Design with Visual Style Transfer

Yang Shi Pei Liu Siji Chen  Mengdi Sun  Nan Cao
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Pictorial Visualization

Pictorial visualization, as a visual representation of data, use icon-based
language to visualize otherwise abstract data points or data tfacts.

ied in Germany in a Year
Example of bad system : signs of different sizes Men Getting Married in Germany

Number of men getting married in Germany out of every 10,000 persons

e STIIT,
4

AR

“hai

{910 115 1020 ‘925 1026 i

Men Getting Married in Germany in Year (Otto and Marie Neurath, 1936) Men Getting Married in Germany in Year (Otto and Marie Neurath, 1936)

- 36 -



Style Transfer

We leveraged style transfer to separate and recombine visual style and data
content, enabling a more extensible approach to crafting pictorial visualizations.
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Vistylist

We introduce Vistylist, a design support tool that facilitates expressive ana
faithful pictorial visualization design.
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as font, color, and icon. It can be laborious to create a well-
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increases. Thus, a tool for assisting pictograph authoring is
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Interesting area of exploration. The paper was found to be well-
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With recent advances in artificial intelligence (Al), researchers have
introduced data-driven design support tools to facilitate pictorial visual-
ization design. For example, h takes a natural language
statement on a proportion fact and generates pictorial visualizations.
While this approach automates faithful data binding for proportional
data, the expressiveness of information presentation is largely ignored,
that is, it is based on limited pre-defined visual styles. In practice, de-
signers often collect inspirational visual materials from online sources
in early design stages to form creative ideas and promote expressive
design [77]. Based on these observations, design support tools that

utilize examples to enable automatic generation have been proposed.
ﬁ For example, — generates proportional-related

pictorial visualizations by retrieving an appropriate example from their
example library for imitation. ﬂ extracted extensible
timeline templates from timeline images to generate new timeline in-
fographics. However, the aforementioned methods are restricted to
certain data types such as proportional or temporal facts, which ac-
commodate specific real-world scenarios. Moreover, their methods
constrain the visualization type being used in examples to be identical
with that in results. That is, if a user attempts to design a timeline
infographic, he or she has to search for a timeline example first. Such
an approach may reduce the expressiveness and flexibility of pictorial
visualization design.
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Design Requirements

DR1. Design patterns DR2. Extraction
Suggesting alternative designs of pictorial visualizations Extracting elements that help characterize the visual
based on various criteria, including similarity, aesthetics, style of a source pictorial visualization, including color,
and inspiration, to help design ideation. font, and icon, to support visual style transfer.

4 N

& DR3. Generation DRA. Inspiration
Generating pictorial visualizations by retrieving icons Suggesting alternative designs of pictorial visualizations
semantically associated with data attributes and binding based on various criteria, including similarity, aesthetics,
data with icons. and inspiration, to help design ideation.

" /
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DR1 - Design Patterns

We identified a set of common design patterns that capture the content
poresentation of pictorial visualizations to guide automatic generation.
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DR2 - Extraction

Vistylist extracts elements that help characterize the visual style of a source
oictorial visualization, including color, font, and icon, to support style transter.
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i o 10000
Source pictorial visualization Apply object detection [1] to detach elements Detached elements and their extracted features

[1] Lu, Min, et al. "Exploring visual information flows in infographics." SIGCHI2020
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DR3 - Generation

Vistylist generates pictorial visualizations by retrieving icons semantically
associated with data attributes and binding data with icons.

Visualizations
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DR4 - Inspiration

Vistylist suggests alternative designs of pictorial visualizations based on various
criteria, including similarity, aesthetics, and inspiration, to help ideation.
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Evaluation
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Evaluation - Survey

We conducted a survey with 80 participants to compare our results with the
examples created by Retrieve-Then-Adapt (RTA) [1]. The participants rated the
source-result pictorial visualizations generated by Vistylist and RTA.
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Each pictorial visualization combines the content visualizing an input datase
source pictorial visualization (bottom left).

with the style of a

[1] Qian, Chunyao, et al. "Retrieve-Then-Adapt: Example-based
.50 automatic generation for proportion-related infographics." TVCG 2020




Evaluation - Survey

The results show that Vistylist performs significantly better than RTA in terms of
consistency, expressiveness, flexibility, individuality, and inspiration. However,
Vistylist shows a significantly lower consistency compared to RTA.
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p<.01, 1(79)=4.27 p<.01,1(79)=-4.29 p<.01, 1(79)=5.20 p<.01, t(79)=3.95 p<.01, 1(79)=4.27 p<.01, t(79)=4.18
d=.56, n?=.98 d=.59, n?=.97 d=.69, n?=.98 d=.51, n?=.96 d=.58, n?=.98 d=.50, n?=.97

Retrieve-Then-Adapt Vistylist
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Evaluation - User Study

We conducted a user study with 14 participants to evaluate the effectiveness
of Vistylist. The participants were asked to use Vistylist to create visualization.
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* For both (a) and (b), the left image shows the sources while the right image shows the result.
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Evaluation - Expert Interview

L

SPRING, WATER IS ORIGIN
E. A

| | | /' A season as beautiful as its name. OF LIFE “
To further how Vistylist is used

when creating infographics, we A
performed a series of interviews
with two domain experts.

The experts were asked to create
visualization with Vistylist and then
use the results to create
inforgraphics with graphics editors
they prefer.
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* (a) includes five pictorial visualizations generated by Vistylist while (b)
contains four pictorial visualizations generated by Vistylist.

(a) Spring Is Coming (b) Let's Dive Down
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Implementation

Evaluation

Besides, the generation part is also not novel, which is very similar to the
research paper ' text-to-viz." The transtopia system takes nearly the same
pipeline. The main differences are the color palette and font were extracted
from an image using existing techniques. | think it is important for the authors to

compare this work and show the benefits it has over prior work.

[56] is necessary. Since InfoNice is designed to allow a flexible exploration to

expressive the design ideas, only comparing with InfoNice may be unfair.

a few clicks of existing tools (taking Figure 1 as examples). What makes the tool
effective to users seems to be the initial generated result by adapting the
collected data. This part is really similar to the Retrieve-Then-Adapt [56].
However, the paper does not compare with this method. Besides, the paper

Justify the choice of the baseline
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Figure 1 makes use of a single 'person' icon, while each of

the examples in Figure 4 demonstrate pictographs with a
single icon class (apart from 4f, which incorporates a unique

male and female icon).
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Comments from VIS Reviewers

Open-ended creative tasks supported by artificial intelligence is an exciting
research topic, and information graphic design is one creative task that may
benefit from this form of support. Accordingly, this is a timely and relevant topic
for VIS and TVCG. Information graphics that incorporate pictographs are
particularly common when communicating to a general audience; they also span
various layouts and chart types (as illustrated in Fig. 1 and in the supplemental
material), so the need to transfer visual properties from one chart type to
another is an important consideration. Moreover, a style-transfer-based
approach may also assist practitioners as organizations develop their own style
guides for information design. Lastly, recommendations of aesthetically-similar
icons that are also semantically-related to the provided data can reduce the
time and effort required to find or generate appropriate icons, and thus a tool

like the one demonstrated here could relieve practitioners of tedious work.

ldea + Implementation

style transfer methods to achieve pictograph creation. The novelty of this paper
lies in the idea of removing the strict constrain of the visualization form of the

example to increase the usability of the example-based design. Overall, | like this

ldea

Overall, | think this is a nice paper. | am delighted to see serious attention paid
to pictographs within visualization work. | think that the system designed, the
corpus that they compiled, and the design space are notable contributions to
the field. While | have some issues with the paper (particularly the user
experiments at the end), | think this paper fills an existing hole within the
literature on the design of visualizations with pictographs and tools that

facilitate their creation.

ldea + Implementation
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