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Users have difficulty
discovering relevant content.

Users often start from scratch
instead of reusing content.



Agenda

1. Content-based recommendations

2. Representative previews (result snippets)

1. M. Oppermann, R. Kincaid, and T. Munzner: “VizCommender: Computing Text-Based Similarity in Visualization Repositories for Content-Based Recommendations.”
IEEE Trans. on Visualization and Computer Graphics (TVCG), 27(2): 495-505, 2021

2. M. Oppermann and T. Munzner: “VizSnippets: Compressing Visualization Bundles Into Representative Previews for Browsing Visualization Collections” [under review]



Recommendation systems are increasingly used
to assist users by surfacing relevant content.
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Visual encoding recommendation

Tableau ShowMe, Voyager, Draco, Data2Vis, ...
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><recommendation

Tableau ShowMe, Voyager, Draco, Data2Vis, ...
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Visualization workbook recommendations
based on content features

- International Tourism
S&P Economic Indicators [ L
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Recommendation systems

Content-based filtering

Collaborative filtering

13



Recommendation systems

Content-based filtering

» Focus of our work

» Finding relevant items based on their actual content
» Less diverse but more accurate recommendations

» Allows identification of near-duplicate items

Collaborative filtering

14



Recommendation systems

Content-based filtering

Collaborative filtering
» Recommendations based on user interactions

» Requires no domain knowledge, allows fast computation,
serendipitous recommendations

» Cold start problem for new items or new users

15



Recommendation systems

Content-based filtering
} Hybrid system

Collaborative filtering

16



Recommendation systems

Content-based filtering
} Hybrid system

Collaborative filtering

17



Which content features are most informative
for comparisons?

What techniques can we use for comparing
and ranking viz specifications?

18



Text-based similarity measure

» Content-based recommendations

» Facilitate information seeking
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Process

Close collaboration with the Recommender Systems Group at Tableau
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Process

Close collaboration with the Recommender Systems Group at Tableau

VizCommender

» Extract content from viz
specifications

» Analysis & feature engineering

» Proof-of-concept interface

21



Process

Close collaboration with the Recommender Systems Group at Tableau

VizCommender User study: Crowdsourced
human text similarity
judgements

» Extract content from viz
specifications

» Analysis & feature engineering

» Proof-of-concept interface

Comparative
model analysis

22
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Tableau visualization workbook

Sales and Profit by Customer

$10,000 o
o
.
$5,000 ®s
O
- ° \.'iij::: ,
35% S _adl
(a8 $O
®5
16% L P
59¢ ($5,000)
o
$0  $5,000 $10,000 $15,000 $20,000 $25,000
Sales
Commissions Overview Customer Analysis
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Workbook

' Sales and Profit by Customer

- $10,000 o
O
o
$5,000 ®s
O
" 0 22
o rwl
> ®o°,
_— ..
($5,000)
o
2 $0 $5,000 $10,000 $15,000 $20,000 $25,000

Col Oven Customer Analysis

Sales

Visualization specification

<worksheet name="Customer Analysis">
<layout-options>
<title>

<formatted-text>
<run>Sales and Profit by Customer</run-

</formatted-text>
</title>
</layout-options>
<table>
<rows>...[sum:Profit:gk]</rows>
<cols>...[sum:Sales:gk]</cols>

</table>

</worksheet>
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Workbook Visualization specification

<worksheet name="Customer Analysis'>

' Sales and Profit by Customer <layout-options>
N $10,000 o <title>
] L <formatted-text>
N .o. <run>Sales and Profit by Customer</run>
o </formatted-text>
o Do o
%’ v, </title>

= $0 w =il </layout-options>

- % ® <table>

= e 0001 ®e <rows>. . .[sum:Profit:qgk]</rows>

o <cols>...[sum:Sales:gk]</cols>
</table>

$0 $5,000 $10,000 $15,000 $20,000 $25,000

Sales
</worksheet>

Col Oveny Customer Analysis
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Workbook

Sales and Profit by Customer

$10,000 °
©
O
$5,000 ®s
O
o @
E - _‘\,‘|
5 "hdtb
®%’,
L L)
($5,000)
o

$0 $5,000 $10,000 $15,000 $20,000 $25,000

Sales

Col Oveny Customer Analysis

City Customer Name Sales Discount

Visualization specification

<worksheet name="Customer Analysis'>
<layout-options>
<title>
<formatted-text>
<run>Sales and Profit by Customer</run>
</formatted-text>
</title>
</layout-options>
<table>
<rows>...[sum:Profit:qgk]</rows>
<cols>...[sum:Sales:gk]</cols>
</table>

</worksheet>
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Workbook

' Sales and Profit by Customer

o $10,000 °
o
o
$5,000 ®
..
= 20 3
o
3 & $0 4(::
5 ®%’,
— ®e
($5,000)
©

$0 $5,000 $10,000 $15,000 $20,000 $25,000

Sales

Col Oveny Customer Analysis

City Customer Name Sales Discount e

Visualization specification

<worksheet name="Customer Analysis'>
<layout-options>
<title>
<formatted-text>
<run>Sales and Profit by Customer</run>
</formatted-text>
</title>
</layout-options>
<table>
<rows>...[sum:Profit:qgk]</rows>
<cols>...[sum:Sales:gk]</cols>

</table>

</worksheet>

<datasource>
<metadata-records>
<metadata-record class="column'>

= —~ <remote-name>City</remote-name>

</metadata-record>
<metadata-record class="column">
<remote-name#Customer Name</remote-name>

<remote-name>Sales</remote-name>
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Initial experiments

Extracted text

w e it AT VTN LT A VT

Tt L WA AT L VT VT

Visual encodings
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Different data, same encoding

Governor WA

Bryant

Inslee

Sales

Office Supplies

Furniture
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Different data, same encoding Same data, different visual encodings

Region
Governor WA HeoN
100M
2 80M
Bryant % 60M

S
Inslee o
20M
ov [ [
Africa Asia Europe Middle East Oceania  The Americas
Africa
1.3M
Sa | es The Americas
84.5M
Asia
116.6M
Office Supplies
Furniture
Middle Eas
15.7M
Europe
69.9M



Leaving out visual encodings

32



Leaving out visual encodings

For design inspiration and learning

» Need visual style

33



Leaving out visual encodings

For design inspiration and learning

» Need visual style

Our primary task: Information seeking
» Core enterprise task
» Subject matter of a workbook

» Do not need visual style (marks, colors, layout properties, ...)

34



Data challenges



Data challenges

Very limited text

36



Data challenges

Very limited text

Additional challenges:

» Multi-sheet workbooks and nested visualizations
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Data challenges

Very limited text

Additional challenges:

» Multi-sheet workbooks and nested visualizations
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Data challenges

Very limited text

Additional challenges:

» Multi-sheet workbooks and nested visualizations
» Incomplete workbooks
» Multiple versions

» Out-of-vocabulary words
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Extracted text

customer analysis sales profit discount
commission segment ratio ranking count ship
performance target furniture office home
supplies c¢ity drilldown late early product
category forecast order quantity target ...
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Extracted text

customer analysis sales profit discount
commission segment ratio ranking count ship
performance target furniture office home
supplies c¢ity drilldown late early product
category forecast order quantity target ...

Numeric document representation

0.37546 0.13540 0.01713 0.04225 0.01993 ...

42



Extracted text

customer analysis sales profit discount
commission segment ratio ranking count ship
performance target furniture office home
supplies c¢ity drilldown late early product
category forecast order quantity target ...

Numeric document representation

0.37546 0.13540 0.01713 0.04225 0.01993 ...

43



Extracted text

customer analysis sales profit discount
commission segment ratio ranking count ship
performance target furniture office home
supplies c¢ity drilldown late early product
category forecast order quantity target ...

Numeric document representation

0.37546 0.13540 0.01713 0.04225 0.01993 ...
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NLP models

» TF-IDF & cosine similarity
» Latent semantic indexing (LSI) & cosine similarity
» Latent dirichlet allocation (LDA) & Jensen-Shannon divergence

» Word embeddings (Doc2Vec, GloVe) & cosine similarity
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Overview

VizCommender

» Extract content from viz
specifications

» Analysis & feature engineering

» Proof-of-concept interface

User study: Crowdsourced

human text similarity
judgements

Comparative
model analysis
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» Analysis & feature engineering
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human text similarity
judgements

Comparative
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Crowdsourced human similarity judgements
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2-alternative forced choice experiment
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2-alternative forced choice experiment
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NLP models
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Experimental stimulus

Flight incidents

Q2
SUM(Survived) Sex

pclass survived name sex
home.dest

Progress

Continue

Is A or B more similar to the Reference?

Reference

Sheet 1

airplane safety
AVG(Age) Sex Embarked

pclass survived name sex age sibsp parch ticket fare cabin embarked boat body home.dest

B
National Parks
Sheet 7
Park Name AVG(Recreation Visitors)
age sibsp parch ticket fare cabin embarked boat body Park Year Recreation Visitors Non-Recreation Visitors Park Name Park Type State

Park Name (copy)
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Experimental stimulus

Progress |

Baseball Story Final

Sheet 9
Height & Batting Average & Handedness

height AVG(avg) handedness

name, handedness height weight,avg HR

Final Visualization

Weight
Baseball Player Weight distribution

Weight | Weight (Ibs)

name handedness height weight avg HR

Continue

Is A or B more similar to the Reference?

Reference

B

Olympics 2016 - Which Athlete and Sport are you

Event
SUM(Number of Athletes) Sport

id name nationality sex date_of birth height weight sport gold silver bronze vyear of birth
Bronze (copy) Gold (copy) Height (copy) id1 Nationality (copy) Silver (copy) Weight (copy)
year of birth (copy) year of birthl
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Agreement scores

LDA TF-IDF

TF-IDF
GloVe
Doc2Vec
LSI

Human

GloVe

Doc2Vec

LS|
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Agreement scores

LDA TF-IDF

TF-IDF
GloVe
Doc2Vec
LSI

GloVe

Doc2Vec

LS|
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Agreement scores

LDA TF-IDF GloVe Doc2Vec LSI

TF-IDF 978
GloVe

» Very good alignment between human similarity judgements
and off-the-shelf model predictions

» LDA performed slightly better
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News article

Gov. Gavin Newsom declared a state of emergency Tuesday in response to wildfires in California, as the state gave evacuation orders
and battled the effects of a sweltering heat wave, rolling blackouts and the coronavirus pandemic.

By early Wednesday morning, the state fire authorities had ordered residents to evacuate in parts of Santa Cruz, San Mateo, Napa and
Sonoma Counties, in Northern California, where thunderstorms brought lightning strikes this week.

The largest fire in the region, called the SCU Lightning Complex, had spread to 35,000 acres in several counties east of San Jose and
was 4 percent contained. Another fire, called the LNU Lightning Complex fire, was quickly growing north of the Bay Area, with
32,000 acres burned by about 9:30 Tuesday night.

That fire forced evacuations in parts of Napa and Sonoma, with the authorities warning of an “immediate threat to life”” in some places.
Local news outlets showed structures consumed by flames in Vacaville, about 35 miles southwest of Sacramento, and fire overtaking a
camera meant to help spot wildfires on Mount Vaca. Photos and videos on social media showed flames lapping at the road and, in the
hours before dawn, some 1images showed a glowing red sky, as the fire lit up dense smoke.

To the south, residents in Oakland and San Francisco could smell smoke as they woke up on Wednesday morning. The authorities
around Northern California warned of poor air quality in addition to the rising heat ...
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Extracted text from viz workbook

customer analysis sales profit discount commission segment ratio ranking
count ship performance target furniture office home supplies city drilldown

late early product category forecast order quantity ...
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Proof-of-concept implementation
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Makeover Monday Week 23

Are people visiting the national parks of America?

1920s 1930's 1940's 1950's

Which states had the most recreational visitors in the 2010’s ?

1960’s

0 7,715,031

Top 20 park development over decades
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Related workbooks Similar data

Independence

Yellowstone

Statue of Liberty

Rocky Mountain

Colonial

Similar versions

Acadia

Click on a decade to filter

1970's 1980’s

Golden Gate

Blue Ridge Pxkwy

Great Smoky Mountains

George Washington ME..

Gateway

Lincoln Memorial
Lake Mead

Natchez Trace Pkwy
Grand Canyon

Gulf Island

CapeCo

Delaware Water Gap
Yosemite
Independence
Yellowstone

Statue of Liberty
Rocky Mountain
Colonia

Acadia

1990s 2000's 2010’s

The 20 most visited parks overall
Visitors since the 1920's

/v—ls.zm
¢/11'3M

» 10.3M
\, " B.IM

Interactive
workbook
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Makeover Monday Week 23
- US Parks
mak.gil

Related workbooks

Similar data

Makeover Monday week 23

priyesh.singh

Recommendation panel

National Park Growth
Trends
Krupp

Similar versions

Trend and Summa
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National Parks

umar.nassan

MNTTA
 Cms il
Classification of Ozone

Levelsl
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2017
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Nick Twitter Report
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Similarity facets for different user tasks

» Related workbooks
» Similar data

» Similar versions

National Parks Makeover Monday Week 23 Classification of Ozone MakeOver Monday TOTC Nick Twitter Report
- The Popularity of US Levels1 2017

Makeover Monday Week 23 Makeo)
National Pa

ryc

Related workbooks Similar data Similar versions




Similarity facets for different user tasks

» Related workbooks

» Similar data

» Similar versions
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‘V'J
-‘ B=
= B
el - = N
--l -
»

_
Makeover Monday Week 23 Makeover Monday Week 23
- US Parks esben.michelsen

mak.gill

Related workbooks Similar data

Similarity facets for different user tasks

» Related workbooks

» Similar data

» Similar versions

" !2”! 11 :”” ]
Ul.!mh‘!l‘l“!l!im”
|

National Park Growth

MMConference
eson Trends

Makeover Monday week 23
charlie.hutches
Krupp

priyesh.singh

Similar versions

National Parks

;){

ojagandh

Makeover Monday Week 23
- The Popularity of US
National Parks

umar.nassan

MM Live

nai.louza

65




).

Seattle Crime

Related workbooks

. | “
* ¢
Seattle Crime Dashboard Crime in Seattle
Similar data Similar versions

Similarity facets for
different user tasks

» Related workbooks
» Similar data

» Similar versions
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Summary (VizCommender)

» Challenges for content-based
visualization recommendations

» Design and implementation
of a proof-of-concept pipeline

» Analysis of applicable NLP techniques

M. Oppermann, R. Kincaid, and T. Munzner: “VizCommender: Computing Text-Based Similarity in Visualization Repositories for Content-Based Recommendations.”
IEEE Trans. on Visualization and Computer Graphics (TVCG), 27(2): 495-505, 2021

Geograpl Recreational Visits to National Parks
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Generalizable to other visualization platforms

yr
iy tableau
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Generalizable to other visualization platforms

q—l—j& +ableau m)) Power Bl O Looker

il [IYY Qlik @

=" Google Data Studio

NSIS=ENSS
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Compressing visualization bundles
Into representative previews
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Visualization bundles

workbooks, reports, looks, apps, ...

S h eet 1 1 stats in US and other developed countries

Country/Territory
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Covid-19 Viz Roundup

There are a lot of data visualizations related to covid-19/coronavirus. The goal of this
article is to be a repository for some of the data visualizations that I have found
useful for understanding the pandemic, both to keep track of them myself and to
share these with others.
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Financial Times: Interactive Chart
One of the most comparable metrics across countries is number of new deaths per
day (7-day rolling average) since the pandemic started affecting that country, shown

on a log scale {since growth rates well-captured on log scales).

/

4
A Detailed Map of Who Is
Wearing Masks in the U.S.
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0 Obsel'vable Explore Learn Community

1 Density Plots / 9 0f 9 ~

, Twitter Inc. twittercom

@ By Yuri Vishnevsky & Published Jan 25

Strange Attractors

Q Search

O Apache 2.0 " 1fork % 4files [ 2 collections

We can use a density plot to plot the orbit of a strange attractor.

The orbit is modeled as a JavaScript iterable and 10,000,000 orbit samples are

rendered in batches using a sequential log color scale.
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m Author: Olympics | Last Updated: Apr 26, 2017
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S h eet 1 Gun stats in US and other developed countries
Country/Territory
iuv 3.0
90 | S—
80 25
Dashboard 2 zation 2 - Effect of gun control on gun deaths
States with no gun control laws for children States with at least 1 gun control law for children

e Rate per 100,000

Sheet 2

cide by firearm rate per 100,000 ¢

States States

e Rate per 100,000

rw.-Illll

Country/Territory

Dash boa rd 1 ation 1- Comparison of gun deaths betwec 7L«'vd‘rhs rest of the world - both developed and developing

countries

Gun stats in US and other developed countries

Coumry Tertary

1111

(111

US has more guns, and more gun deaths, compared to other
developed countries.

..But is bottom of the pile compared to developing countries

How to compress visualization bundles
Into representative previews?

Visualization
snippets
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S h eet 1 Gun stats in US and other developed countries

We present a computational pipeline for
the generation of visualization snippets

80 25
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Dashboard 2 zation 2 - Effect of gun control on gun deaths
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Visualization
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Understanding needs and current practices
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Understanding needs and current practices

Review snippets
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Understanding needs and current practices

Review snippets Analyze bundles
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Understanding needs and current practices

Review snippets
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Analyze bundles
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Tableau product groups
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Existing snippet designs

/— Single thumbnail

|

Forecast of Profits

\ Only bundle title
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Who's Coming

Customers Presenting

Repeats

Tuesday

Challenges

images & text
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Who's Coming
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Repeats
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images & text

*..

LU
L — *
ﬁ..

MEDAL
¥ MEDAL
m Author: NILOFER SHAIKH | Last Updated: Dec 13, 2017

Medal
Medal
m Author: Rita | Last Updated: Apr 1, 2015

Medal

= Medal

K23 Author: nurfarrah aini | Last Updated: Feb 23, 2020
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Extract content
from collections

Computational pipeline

Select and rank
bundle image content

Select and compress
bundle text content

Assemble and
lay out snippets
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Extract content
from collections

+ableau*public

(O Observable

Computational pipeline
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Computational pipeline

Select and rank
bundle image content

Select and compress
bundle text content
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Computational pipeline

Select and rank
bundle image content

87



Order Date Forecast indicator Q 4 Avg. Shipping Cost

Q2 Q3 - — 0 2/1/2011 to 5/30/2014 Q8 B Actual o 31
0.0000 0.7000 W Estimate @ soo
Canada 40 39.70 3851 ( ) 100.0
Profit 1000K .
U — () 1557
s 7,270 135,538
'i 30 800K 7791167
o 711,345 736396, |
% I A |
S 619,194 {658,362 i‘ |
o ' | \
g ; 600K 555,279 | 538,768 ’r | 111
2 o 3 | ry | i
E < Iy I
@ | Al' |
— 5 | A |
201 . I . Y |
Month of Order Date o 338,257 | \ /¥ ‘1[
e T U smiens
| ' \ v
Q4 Q6 10 215,207 \/ :
, 500K 63,101 253,381
Category / Region - 208,527
S OFFice Supolies Techrology 116,936, b Y g
- ? 145,237 .
3 a oK 91,152 100,510
- 2 2011 2012 2013 2014 2011 2012 2013 2014 2015 2016 2017
o @
. i @ _ni i - II - Month of Ship Date Month of Order Date
[ € o - 2
Profit Profit
2
L — | Q0 <61 [V >0 Q
Category / Region -7.270 135,538 Sub-Category / State 555,279
Furniture Office Supplies Appliances Storage '
150K 2 S 503,144
& 3K
—
400K
2K
e . - = 333,926
. Q 2 a " ,497 303,143
n w 2 - o K 2 300K
= w m et ©
Es « o b ] o v
1 n @ - S e =, o I
& 50K ST 3 0 o g @ 0K ,101 258 706
© s @6 E Lo =ESN2 o I SO0 229,929
3 m 3 &‘ 3 - o © . o N
- Moo L oo — 23 b1 ~ > ® »TU © @ @ © > w >V © 0 © ©
2 N b S - ~ - 5 ® L ¢ c 6 & L ¢ -
I“‘w N | ] [ b - fsfetsgtfscessss 98,898
0 : - EztergebgeE=ztegeEl g 1 '
. . CES 38535383853 100K
R ® 3 € (3 e c ® 3 © (3 c c 91152 100,510
" E2 s 3 AR - s
JJD : v v ] 3 |: v v 3 0K
c 2 8 =28 = N
-~ = A A < ~ \A A - E e A ¢ © “ o <
A.C.C.C.CeE.E N..NoO..S.. SoW./A.C.C.C.CeE.E.N No 0.. S.. So = = 2011 2012 2013 2014 20
n rt u n rt u b &
,‘ s g Month of Order Date
- <1
Avg. Discount Profit
@2  — > " —| Q1 Story 1
Canada 0.0000 0.7000 Region 17,817 311,404
s [T
Canada 17,817
Caribbean 34,571
Central
Central Asia
East
EMEA
North
North Asia The End!
Oceania
South
Southeast Asia 17,852
West

Mexico




Filter empty views

Order Date Forecast indicator Avg. Shipping Cost
Avg. Disc
e as e | Q7 2/1/2011 t0 5/30/2014 Q8 B fcue Q4 b S
Goee . Estimate () soo
Canada 40 35.70 38.51 [ ) 100.0
Profit 1000K (‘ ”)' 5
. 155
- . 200k 779,167
‘: - oV
. 711,345 73¢ 396
w
S 619,194 (658,362
o
g i 555.279 538 763
z 20 A 481,157
o
. : 2 A00K
Month of Order Date o 338,257
290,214 331879
Q4 Q6 10 215,207 '
Category / Region 200K e 253,381
F ficeSupolies |  Technolog 116,916 ) 208,927
. P 145,237 ’ O
o 0 91152 100,510
- o 0 K v
- @ & 2011 2012 2013 2014 2011 2012 2013 2014 2015 2016 2017
. E' @ " % P I. - Month of Ship Date Month of Order Date
Profit Profit
L (0 561 [ 3740 Q2
72 3
Category / Region 270 135,538 Sub-Category / State 55 279
Furniture Office Supplies Appliances Storage ’
150K 0 SO0K
" 503,144
b 3K
—
- 400K
100K " 2K
- & 333,926
o 2 a
o . = S K “ ,497 303,143
= wn :ﬁ 2 - 3 - - % 300K
s by S of Il o A
& <o & - o S a8
50K SHE o 8 oo g @ ,101 258,706
o .old2 & -Bims a | . 229,929
@ n 8 Smoeo@oNe o
S omoa w g - i o m
N 3~ I - . - - 5 > ®» »>T © 0 8 ©C > v >T 6 06 6 ©
0 A ~ | o ® 5 ¢ € = o & 5 ¢ c =
o = N £ &5 o 8 08 g0l o e o688 go 8
oK . tztegeEbgtEt=teegtEl g Y
L - v @ S B > S @ v o S B = 0K
o F S - o a [l ar- T - o a = R
& 23E85 £ BIESE o 91,152 100,510
" a2 2 3 glez 2 3 S
v o v v 8 0 o t v 3 0
c 2 8 =lcZz 8 =
A C € e N No c oW A C C CeF E J S L - L : L . .
A CC B BN NaD-S-SolCA.C C L GsE BN Na©. - Sa ® B 2011 2012 2013 2014 2015
n rt u n rt u > &
% é Month of Order Date
Avg. Discount Profit
Q3 C — | C° — | (1 .
Canada 0.0000 0.7000 Region 17,817 311,404
aa  [NEEEE
Canada 17,817
Caribbean 34,571
Central
0.0667 » Central Asia
: East
3 ! EMEA
0 North
o 63 North Asia Tk
4 Oceania
00000 South
0 3 Southeast Asia 17,852
West
Mexico




Profit

2

16,262
613

2

6,223

I - 551

Filter views that are part of a dashboard

Avg. Discount

Month of Order Date

Category / Region

w
o

Avg. Shipping Cost

35.70

3851

Month of Ship Date

Order Date
2/1/2011to0 5/30/2014

Sales

779,167
711,245 736395
619,194 {658,362
555,279 | ¢35 763
481,157
g 331,879
215,207
253,381
116,916 1985945, 57 208,527
91,152 100,510

Month of Order Date

Forecast indicator
B Actual

Estimate

Category / Region

14869

I - <03

I 12 55

- 30,922
I 52151
I 32049
22652

11505
B 28480

7,958

14818
I 27,105
I 41015
I 40926
P 33306
[ 2D
4173

I <55
3,046
11534

-7,270

n
m
m

NoO. S

w
]
v
m
m
]
n
w
]

1O
i

3

i

Q9

Profit

ritory

Capital Ter

Australian (

Appliances

T ©
C
© o
w 5
C "
[V -
¢ I
S 5

Sub-Category / State

age

II | I ]

© @ © > w »T 8 © ®©
£ o 9 5 ¢ £ =
© S L s o m S8 g S
E © /& = c % E L
g > 35 8 e > R =
- 1 " O I =

C o y £

L | 4 & v

S a ]

n © 4

Australian

tra

WesternA

Profit

561 [, - 740

Furniture Office Supplies

Technology

Q5

Region
Africa
Canada
Caribbean
Central
Central Asia
East

EMEA

North

North Asia
Oceania
South
Southeast Asia
West

88872
17,817

17,852

Profit
17,817 311,40

Furniture Office Supplies
16.5

90



Filter similar views

R Order Date
Q2 Q3  E— Q7 2/1/2011 to 5/30/2014

555,279 ; .
481,157 Canada 40 3570 3851
Profit
456,620 —
405 454 .
7.270 135538
.
3 .
"
%
o
(-
o
£
-8
g o5
= 20
w
)
>
<

Month of Order Date

Q4 Q6 10

Category / Region

o
- 2011 2012 2013 2014
. g s

. a @ -3 : » + Month of Ship Date

b ol s B = =
Profit Q 9 Profit
L, sc1 [ :.720

i 7,27 135,53
Category / Region 270 5,538 Sub-Category / State
Furniture Office Supplies Appliances Storage

0
o
"
b
JUK g 4,
N
13
-
a
=
&
6 { ‘ I
A= ~m
Q 50K 0K a

| 22,652

14818
14869

I - <03

7,958

I < o5
4173

16,262
2,613
6,223
I s 551
I <2536
3,046
11534
P s0922
I 52181
B 32049
11505
I 28480
B 27,105
B 41015
I 40926
B 33.306

g o e e BB Technology
S s 8 55 ® P @ 8 5 5 ©
t > £ % 5 ¢ Sl v 5 g € X
t =t c® ELH L c % ELV§
@ v e S B =R w S B =
= P E - e a s a - =
o~ L} > C ‘, L C o = L C
. & A2 0P L o4 (o v =
" w e > o =] ]
. o - ° oo o o
c = O '4 o 'S "
o o t v H W Y 3
c S c =
A.C.C.C.CeE.E.N.NoO.S.SoW.A.C.C Ce E.E.N.NoO.S. So & ©
o [
n rt I n rt o 5
v v
< <

Profit
Q5 o

Region 17,817 311,404
Africa —
Canada 17,817
Caribbean 34,571
Central 311,404

Central Asia
East

EMEA

North

North Asia
Oceania
South
Southeast Asia 17,852

west DRSS




Order Date

Avg. Ds
Q2 Q3 e | Q7 2/1/2011 to 5/30/2014
0.0000 0.7000
555,279
481,187 Canada 40 3970 3851
- o Profit
.
a0 7,270 135,538
i 30
%
2 o
o
o
Ve [
a
o N
E 4y
w
o
2012 2013 2014 5 >
=4
Month of Order Date
Q4 Q6 10
Category / Region
3 467
'2 o 0
. & 2011 2012 2013 2014
3 o g s
. a8 wd 5 2 II - Month of Ship Date
& o o S 1 = 2
Profit Q 9 Profit
., <61 [, N 2720
Category / Region -7.270 135,538 Sub-Category / State
Furniture Office Supplies Appliances Storage
150K
3K
100K

Profit

OK

o
-

P 16,262

2,613

6,223

I 5 551
I <8936

3,046
11534
I 52181

I 1> 515
B 27,105
I 1015
14869
I s 03
I 0526
I 33306
I s <05
4173
Profit
[ n
- )\
.
1
Tasmania
ictoria
Tasmania
ictoria
£l

a
Nogm s =
o [= N «
o of n - ©
1 m © w | © ®
of o o ©
o wn © 2
- & 3 > 2 »T ® ©C > w9 >V S c
™~ S — 0 £ & s & — o £ & o
Hl [l tse2f HEEEE: s
OK t =t ¢ % B>+t c % @
£ o o 3 S ¥ £ 0o o 3 -]
[ FE - ea a - 8- e a =
o~ ® o £ B <& c/®™ 5 £ 2 < c
a v s O3 P ] c O3 ey
L a vV o 3 o gV o 3 o
' %;;_L 2 u%.‘:.l_ o )
v e t b 8 0 o t v ]
c = © = ¢ 2 9o -
- - . - . - - S 2 =5 z2 =
A.C.C.C.CeE.E.N.NoO..S..SoW./A.C.C.C.CeE.E.N.NoO..S.. So = =2
[ [
n rt u n rt u v v
w w
[ 3 3
< <

Q 5 Profit
-

Region 17,817 311,404
Africa -

Canada 17,817

Caribbean 34,571

Central

Central Asia
East

EMEA
North
North Asia
Oceania
South
Southeast Asia 17,852
West




Rank images

prioritize dashboards and unique chart types
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Filter empty
Images

Image selection and ranking

Filter nested . Filter similar
. — Rank images — .
images images

Re-rank images to
increase diversity
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Filter empty

Images

Dominant colour
clustering (k-means)

Image selection and ranking

Filter nested
Images

Bundle specification

Rank images —

Prioritize dashboards,
colour diversity,
unique chart types

Filter similar
Images

A) Histogram of colours

B) Histogram of oriented
gradients

C) Structural similarity index
D) Siamese CNN

Re-rank images to
increase diversity

Maximal marginal relevance
(image similarity)
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Image selection and ranking

Filter empty Filter nested : Filter similar Re-rank images to
. —> . — Rankimages — . —> . :
images images images increase diversity
Dominant colour Bundle specification Prioritize dashboards, A) Histogram of colours Maximal marginal relevance
clustering (k-means) colour diversity, B) Histogram of oriented (image similarity)
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A C) Structural similarity index
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Visual inspectors
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VizSnippets Inspector = Image Colours
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VizSnippets Inspector = Image Selection & Ranking
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VizSnippets Inspector = Image Selection & Ranking
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Computational pipeline

Select and rank
bundle image content

Extract content Assemble and
from collections lay out snippets
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Compress text content

Visual inspectors
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Data: Workbook title Date User Visits Dashboard name
Derived: TF-IDF keywords TF-IDF keywords (incl. inactive data fields)

Filter: Punctuation Numbers <3 chars Duplicate terms
Display: Enhance title Lemmatize keywords Keyword chars 150

Sheet name
TF-IDF keywords (excl. inactive data fields)

Custom stop words
Columns 4

Sheet title

English stop words
Font size 10

| Active data fields

Inactive data fields Other text

Random sample ¢,

Redesign - Revised version 3 years ago
neville.fernandes Visits: 11
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death ffirearms control
rank]pileJoun law

Dashboard 1 Dashboard 2 Dashboard 3 Story 1 Sheet 2
SUM(Homicide by firearm rate per 100,000 pop)

SUM(Rank by rate of ownership) Country/Territory Sheet 3 (2)
States with no gun control laws for children

SUM(Firearms Homicide Rate per 100,000) States States
SUM(Gun Measure Law) Sheet 3 (3)

States with at least 1 gun control law for children
SUM(Firearms Homicide Rate per 100,000) States States
SUM(Gun Measure Law) Sheet 2 (2)

...But is bottom of the pile compared to developing countries
SUM(Homicide by firearm rate per 100,000 pop)

SUM(Rank by rate of ownership) Country/Territory
Country/Territory Sheet 4 SUM(Firearm deaths - Total)
SUM(Firearm deaths - Suicides) Year Sheet1

Gun stats in US and other developed countries
SUM(Average firearms per 100 people)

SUM(Homicide by firearm rate per 100,000 pop)
Country/Territory Sheet 1 (2)

US has more guns, and more gun deaths, compared to other
developed countries...

SUM(Homicide by firearm rate per 100,000 pop)

SUM(Average firearms per 100 people) Country/Territory
Country/Territory Sex Race State Ethnicity Age Group

First Year Last Year Cause of Death Year Deaths Population
Crude Rate Sex Race State Ethnicity Age Group First Year
Last Year Cause of Death Year Deaths Population

Crude Rate Cause of Death1 Year1 Deaths1 Crude Ratel
Cause of Death Year Deaths Crude Rate Location

Firearms Death Rate per 100,000 Gun Measure Law Location
Firearms Death Rate per 100,000 Gun Measure Law Sex Race
State Ethnicity Age Group First Year Last Year

Cause of Death Year Deaths Population Crude Rate Sex
Race State Ethnicity Age Group First Year Last Year

Cause of Death Year Deaths Population Crude Rate
Country/Territory ISO code Source % of homicides by firearm
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Book1 3 years ago rohit8138 Visits: 2
industrycomplete] breakdown] days [sale’

Dashboard 1 Industry Breakdown Industry SUM(Sale Amount)
SUM(Days to Complete) Row ID Order ID Order Date

Order (M/Y) Quantity Quote Discount % Rate Sale Amount
Customer Name Company Name Sector Industry City

Zip Code State Region Project Complete Date

Days to Complete Product Key Product Category

Product Sub Category Consultant Manager Hourly Wage
RowCount Wage Margin Row ID Order ID Order Date
Order (M/Y) Quantity Quote Discount % Rate Sale Amount
Customer Name Company Name Sector Industry City

Zip Code State Region Project Complete Date

Days to Complete Product Key Product Category

Product Sub Category Consultant Manager Hourly Wage
RowCount Wage Margin

Sankey Bump Charts 3 years ago singhrahul
Visits: 389

fake Jcurve [shape] dual] ranking [ state

Dashboard 1 Sheet1 Sankey Bump Charts AGG(Curve)
AGG(Dual Shape) Year Fake SUM(Ranking) State Year ID
Link State Measure Year Number Of Record Value Ranking
Link Path Calculation_518195477155368962
Calculation_518195477156704263
Calculation_518195477157318666 ID Link Link1 Measure
Number Of Record Number of Records Path Ranking State
Value Year
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Cigarette Tax Dashboard Smoking_Regional Dbrd Story 1
Sheet 7 Region Clustered Bar Region Smoking_Regional
Percent Adult Smokers by Region SUM(Cigtax) Region Asthma
SUM(Asthma Adults) SUM(Cigtax) SUM(Asthma Adults) State
Smoking SUM(Smoke Adults) SUM(Cigtax)

SUM(Smoke Adults) State CigTax_Regional

Cigarette Tax Rates by Region SUM(Cigtax) Region

Corr Asthma & Smoking SUM(Asthma Adults)

SUM(Smoke Adults) State State state Region AsthmaAdults
SmokeAdults Cigtax HealthSpendperCap LifeExpect
AsthmaAdults Calculation_3210831161620431 Cigtax
HealthSpendperCap LifeExpect Number of Records Region
SmokeAdults state

studio_weekOQ 2 years ago emily.fuhrman Visits: 4

2016

Comparison 2016 Teenage Poverty Percentage 2016
SUM(2016 Poverty Percentage, Age 5-17) State Postal Code
countyName 1999 Teenage Poverty Percentage 1999
ATTR(1999 Poverty Percentage, Age 5-17) State Postal Code
countyName State FIPS code County FIPS code Name
State Postal Code 2016 Poverty Universe, All Ages

2016 Poverty Universe, Age 5-17

2016 Poverty Percentage, Age 5-17

1999 Poverty Universe, All Ages 1999 Poverty Age 5-17
1999 Poverty Percentage, Age 5-17 State FIPS code

County FIPS code Name State Postal Code

2016 Poverty Universe, All Ages

2016 Poverty Universe, Age 5-17

2016 Poverty Percentage, Age 5-17

1999 Poverty Universe, All Ages 1999 Poverty Age 5-17
1999 Poverty Percentage, Age 5-17

Boston Public and District Schools & years ago
marianne.lombardo6453 Visits: 89

education
reducedjlunch jlearners @

Story 1 Dashboard 1 Special Ed BAR

Boston Schools by Percent Special Education

SUM(% Special Education) School Name School Type
Charter School Spec Ed by Math & ELA

Charter School Percent Special Ed by Math & ELA MCAT
Proficient & Advanced Compared to BPS Average

School Name SUM(% Special Education) SUM(Math)
SUM(ELA) Special Ed by Math Proficient

Boston: Percent Special Education by MCAT Math Proficient +
Advanced

SUM(% Special Education) SUM(Math) School Type
School Name Special Ed by ELA Proficient

Boston: Percent Special Education by MCAT ELA Proficient +
Advanced

SUM(% Special Education) SUM(ELA) School Type

School Name Map AVG(Latitude) AVG(Longitude)

School Type School Name Address Town Zip

SUM(% English Language Learners) SUM(% Special Education)
SUM(% Free & Reduced Lunch) Org Code Vliookup ELA Math
Science ELA Growth Math Growth ELL % FRL % Spec Ed
Grade span Enrollment Org Name verified Org Type
Address 1 Town State Zip F20 Grade Latitude Longitude
% FRL % Spec Ed Address 1 ELA Growth ELA ELL
Enrollment F20 Grade span Grade Latitude Longitude
Math Growth Math Number of Records Org Code Org Name
Org Type Science State Town Viookup Zip verified

2017-MOM-Wk12 4 years ago roberto.reif Visits: 122

digit | probability | team } losing j winning j lose | occurrence
heatmap ] pair jdeviation j games | score jloose j absolute

Dashboard 2 Dashboard 1 Dashboard 3 HeatMap

2018 SR Preview Fidow carrying 3 years ago
the.chase Visits: 2

metres | player | carries

Dashboard 1 Sheet1 SUM(Carries/80 mins)
SUM(Metres/carry)|Metres per carry Player Player Player
Position Province Mins/game Carries/80 mins Metres/carry

Clean break % Carries per DB Offload % Passes/carry Games 1
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Random sample ¢,
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Computational pipeline

Assemble and
lay out snippets
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Top-down design framework



Result page

— Snippet

— Text

— Images
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How many? How big? How to display?

Result page

— Snippet

— Text

— Images
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How many? How big? How to display?

A) Grid B)Strip  C) List D) Table E) Preview
Result page

— Snippet

— Text

— Images
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How many? How big? How to display?

A) Grid B)Strip  C) List D) Table E) Preview
Result page

A) Variable size  B) Fixed size/ratio A) Vertical B)Horizontal C)Table

— Snippet

— Text

— Images
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How many? How big? How to display?

A) Grid B)Strip  C) List D) Table E) Preview

Result page
A) Variable size  B) Fixed size/ratio A) Vertical B)Horizontal C)Table
— Snippet
Font sizes, max. title length Title, meta-data, and keywords
— Text A) Show n keywords

B) Fit as many keywords as possible

— Images
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How many? How big? How to display?

A) Grid B)Strip  C) List D) Table E) Preview

Result page
A) Variable size  B) Fixed size/ratio A) Vertical B)Horizontal C)Table
— Snippet
Font sizes, max. title length Title, meta-data, and keywords
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VizSnippets Inspector A/B Comparisons
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Summary (VizSnippets)

» Key challenges and a top-down design
framework pertaining to visualization snippets

» A computational pipeline for the lossy

compression of visualization bundles into
snippets

» A methodology for extensive visual inspection
through random sampling

M. Oppermann and T. Munzner: “VizSnippets: Compressing Visualization Bundles Into Representative Previews for Browsing Visualization Collections” [under review]
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Recommendations and Previews
for Browsing Visualization Collections

Michael Oppermann (michaeloppermann.com)

1) M. Oppermann, R. Kincaid, and T. Munzner: “VizCommender: Computing Text-Based

Similarity in Visualization Repositories for Content-Based Recommendations.”
IEEE Trans. on Visualization and Computer Graphics (TVCG), 27(2): 495-505, 2021

2) M. Oppermann and T. Munzner: "VizSnippets: Compressing Visualization Bundles Into
Representative Previews for Browsing Visualization Collections” [under review]

In collaboration with Robert Kincaid Tamara Munzner
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