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EYE MOVEMENTS CAN GIVE CLUES ABOUT MEMORY

Encoding Recognition Recall

The most read books in the world.

« The order was like 1) The #Holy
Recogmzed Bible, 2) Some Chinese guy's
quotes, 3) Harry Potter.

10 sec/image 2 sec/image 20 min

o "

BORKIN*, BYLINSKII™, KIM, BAINBRIDGE, YEH, BORKIN, PFISTER, OLIVA [TVCG 2016]
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MASSIVE VISUALIZATION (MASSVIS) DATASET

Dara available at massvis.mit.edu Taxonomy Tarcarc” (192)
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Visualization “Single”
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s single Objects i T
Borkin et al. (2013)

BORKIN, VO, BYLINSKII, ISOLA, SUNKAVALLI, OLIVA, PFISTER [TVCG 2013]
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EYE MOVEMENTS CAN GIVE CLUES ABOUT MEMORY

Recognition

Most recognizable | east recognizable
BORKIN*, BYLINSKII*, KIM, BAINBRIDGE, YEH, BORKIN, PFISTER, OLIVA [TVCG 2016}
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MEMORABLE VISUALIZATIONS ARE VISUALLY DISTINCT

Memorable

Forgettable
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BORKIN, VO, BYLINSKII, ISOLA, SUNKAVALLI, OLIVA, PFISTER [TVCG 2013]
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PICTOGRAPHS ADD VISUAL HOOKS INTO MEMORY

—

GENDER EQUALITY IN LABOR FORCE PARTICIPATION GENDER EQUALITY IN LABOR FORCE PARTICIPATION

CHINA LEADS IN FEMALE LABOR FORCE PARTICIPATION WHEREAS INDIA LAGS
SIGNIFICANTLY BEHIND AMONG OTHER ASIAN-PACIFIC COUNTRIES IN 2013.
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BORKIN*, BYLINSKII™, KIM, BAINBRIDGE, YEH, BORKIN, PFISTER, OLIVA [TVCG 2016}
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WHERE DO PEOPLE LOOK MOST?

393 MASSVIS visualizations
with element annotations

B 1 (1) axis (8) data
e (2) AXiS (9) data (bars)
(10) text (label)
(5) text (paragraph) —(11) text (label)

— (4) text (source)
(5) text (axis label)
(6) text (title)
m— (7) legend

(12) text (label)
(13) text (label)

BORKIN*, BYLINSKII™, KIM, BAINBRIDGE, YEH, BORKIN, PFISTER, OLIVA [TVCG 2016}
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WHERE DO PEOPLE LOOK MOST?

B Eye fixations

l.‘?YTWHhonoTwomn "'EBTL .8 :Illltlitiel HEEB E B EEEEEEER
T - label
s paragraph
axis
legend |
annotation [
object |
axis label |
source [N
graphical element [N
axis (time) [N
text [N
e (1) XIS (8) data header row [
s (2) AXIS ﬁz};’ta;:t(:::;l) annotation (arrow) |
) toxt (counggy = (11)text (abel 0 2 4 6 8
(5) text (axis label) (12) text (label)
(6) text (title) (13) text (label)

w— (7) legend

BORKIN*, BYLINSKII™, KIM, BAINBRIDGE, YEH, BORKIN, PFISTER, OLIVA [TVCG 2016}






0 clicks ] O characters

Describe the image in as much detail as

pOssiDle...

Bubble View

An alternative for eye tracking using discrete mouse clicks to
measure which information people consciously choose to examine.

2X

NEXT
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INSPIRATION: BUBBLES s0sseun & schyns, 20011

Discriminative features

Face stimull Punctured by bubbles Gender categorization
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INSPIRATION: BUBBLES s0sseun & schyns, 20011

BubbleView generalizes this idea to allow
users to control where they want to look.

Face stimull Punctured by bubbles Gender categorization
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RELATED MOVING-WINDOW METHODOLOGIES
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Schulte- Mecklenbeck et al. 2011 Jiang et al. 2015
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EXPLORING THE BUBBLEVIEW METHODOLOGY

Dollar value of bond sales from compandes in
the Asla Pacific, excluding Japan, as of June 7

i.’b" Lo We become what we
a S repeatedly do.

Graphic Static Natural Scene
Designs Webpages Images

Information
Visualizations

KIM*, BYLINSKII*, BORKIN, GAJOS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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PERFORMANCE IS STABLE ACROSS BUBBLE SIZES
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KIM*, BYLINSKII*, BORKIN, GAJOS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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CLICKS PREDICT FIXATIONS ON VISUALIZATIONS
L -

| L

clicks of 10 participants explain 90% of fixations

= &
Clicks - ' w

-

Fixations

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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INCREASING SIMILARITY BETWEEN CLICKS AND FIXATIONS

Similarity between
clicks and fixations

® BUBBLE=16

® BUBBLE=24
© BUBBLE=32

0 10 20 30 40

participants
KIM*, BYLINSKII*, BORKIN, GAJOS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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INCREASING SIMILARITY BETWEEN CLICKS AND FIXATIONS

Similarity between
clicks and fixations

® BUBBLE=16

® BUBBLE=24
© BUBBLE=32
Jumnwr
o
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0 = 10 . 20 30 40

participants
KIM*, BYLINSKII*, BORKIN, GAJOS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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CLICK PATTERNS MAICH FIXATION PATTERNS

Visualizations Natural |mages Webpages

Heatmap
INntensity

bubble clicks
eye fixations

1 o) & Share B

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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CLICK PATTERNS MAICH FIXATION PATTERNS

Visualizations Natural iImages
v' 4

Webpages

Heatmap
INntensity

bubble clicks
eye fixations

1 o) & Share B

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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CLICK PATTERNS MAICH FIXATION PATTERNS

Visualizations Natural images Webpages
Heatmap \/ \"““" / . “
intensity ’
bubble clicks

eye fixations

1 o) & Share B

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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WHERE DO PEOPLE CLICK MOST?

— (1) aXiS

—(2) AXIS

(3) text (paragraph)
— (4) text (source)

(5) text (axis label)
(6) text (title)
—— (7) legend

(8) data

(9) data (bars)
(10) text (label)
w— (11) text (label)

(12) text (label)
(13) text (label)

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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WHERE DO PEOPLE CLICK MOST?

. A A A
N 100 200 300
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— (2) axis (9) data (bars)
(3) text (paragraph) (10) text (label)

— (4) text (source) e (11) text (label)
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object
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source
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text
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KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]

Eye fixations [ BubbleView clicks
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WHERE DO PEOPLE CLICK MOST?

— (1) XIS (8) data

m—(2) axis (9) data (bars)
(3) text (paragraph) (10) text (label)

m— (4) text (source) e (11) text (label)
(5) text (axis label) (12) text (label)
(6) text (title) (13) text (label)

w— (7) legend

title
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paragraph
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legend

annotation

object
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source

graphical element
axis (time)

text

header row
annotation (arrow)

Eye fixations [ BubbleView clicks

Spearman r = 0.96

KIM*, BYLINSKII*, BORKIN, GAJQS, OLIVA, DURAND, PFISTER [TOCHI 2017]
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BUBBLEVIEW MEASURES IMPORTANCE

Fixations Clicks Clicks
© & U
with free-viewing with free-viewing with description

“Saliency” Intentionality “Importance”

Effort, task time, consistency
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SALIENCY: BOTTOM-UP OR TOP-DOWN?
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SALIENCY: BOTTOM-UP OR TOP-DOWN?

Companies are increasingly
tapping the Asian bond markets.

Dollar value of bond sales from compandes In
the Asla Pacific, excluding Japan, as of June 7
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SALIENCY: BOTTOM-UP OR TOP-DOWN?
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SALIENCY IS NOT ENOUGH
i Grund truth

Our model Judd

,}
i

BYLINSKII, KIM, 0°'DONQVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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SALIENCY IS NOT ENOUGH

Pearson’s Correlation Coefficient (CC) Metric

0.11

0.24

0.54

0.54

0.57

0.69 +

BYLINSKII, KIM, 0°'DONQOVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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TRAINING AN ATTENTION MODEL

BYLINSKII, KIM, 0°'DONQVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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APPLICATION: THUMBNAILING

INnput Importance heatmap Thumbnalil

STATSHOT

A LEADERSHIP
DISCONNECT EXISTS ol -CTE)
BETWEEN WHAT SETWEEN WHAT
WORKERS PREFER WORKERS PREFER
AND WHAT THEY GET ANDMHAT THE'
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BYLINSKII, KIM, 0°'DONQOVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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STATSHOT

A LEADERSHIP
DISCONNECT EXISTS

BETWEEN WHAT

WORKERS PREFER
AND WHAT THEY GET

AUTHORITATIVE' LEADERSHIP

e DI \

APPLICATION: THUMBNAILING

Urban-rural disparities in sanitation have
decreased
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BYLINSKII, KIM, 0°'DONQOVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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APPLICATION: THUMBNAILING

Find a graphic image that matches the caption provided.

Image Caption
This graph shows that workers don't get what they prefer. There is a disconnect between leadership and workers.

.- e Gt -

Ted o sowrvlieny 1340 08

BYLINSKII, KIM, 0°'DONQVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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APPLICATION: THUMBNAILING

Find a graphic image that matches the caption provided.

Image Caption
This graph shows that workers don't get what they prefer. There is a disconnect between leadership and workers.

1.96

BYLINSKII, KIM, 0°'DONQVAN, ALSHEIKH, MADAN, PFISTER, DURAND, RUSSELL, HERTZMANN [UIST 2017]
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APPLICATION: TASK-BASED ATTENTIONAL DATA

m AY Since recession low B Income* [ Employment
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Visual Question Answering
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» Task-based predictions
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