Visualizations & NLP

Dae Hyun Kim, Vidya Setlur



GVC share of global trade (%)

On
On
]

O
o
!

I N
On
1

1N
o
1

w
n
]




Figure 1.2 GVC trade grew rapidly in
the 1990s but stagnated after the 2008
global financial crisis
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The evolution of GVC
participation

The overall share of GVC trade in total world trade—
encompassing both forward and backward linkages—
grew significantly in the 1990s and early 2000s, but
it appears to have stagnated or even declined in the
last 10 years (figure 1.2). Still, about half of world trade
appears to be related to GVCs.

‘What explains the remarkable rise in GVC par-
ticipation in the 1990s and 2000s? And why has this
process stalled since the financial crisis?

The global wave of fragmentation of production in
the 1990s and 2000s was driven by a combination of
factors. The information and communication technol-
ogy (ICT) revolution brought forth cheaper and more
reliable telecommunications, new information man-
agement software, and increasingly powerful per-
sonal computers (figure 1.3, panel a). Manufacturing
firms then found it easier to outsource and coordinate
complex activities at a distance and ensure the quality

Figure 1.2 GVC trade grew rapidly in
the 1990s but stagnated after the 2008
global financial crisis
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Sources: WDR 2020 team, using data from Eora26 database; Borin and
Mancini (2015, 2019); and Johnson and Noguera (2017). See appendix A for
a description of the databases used in this Report.

Note: Unless otherwise specified, GVC participation measures used in this
and subsequent figures throughout the Report follow the methodology
from Borin and Mancini (2015, 2019). The Eora26 database is used because
it offers the largest country coverage: 190 countries between 1990 and
2015. GVC participation corresponds to the share of world exports that flow

of their inputs. In addition, firms were able to disperse
production across the world because transport costs
fell significantly (figure 1.3, panel b). Declining air and
sea freight costs boosted the trade in goods, while ser-
vices benefited from cheaper communication costs.

Successive rounds of trade liberalization have
resulted in rapidly falling barriers to trade and invest-
ment for both developed and developing countries. Tar-
iffs have declined, especially for manufactured goods,
and the gradual, although still insufficient, lowering
of nontariff barriers has facilitated the international
trade of goods and services (figure 1.4). Finally, the
creation of the European single market—together with
the integration of China, India, and the Soviet Union
into the global economy—created huge new product
and labor markets, and so firms could sell the same
goods to more people and take advantage of economies
of scale leading to the further deepening of GVCs. The
new supply of cheap labor encouraged profit-seeking
companies to either reallocate their production facili-
ties or find local suppliers in low-wage countries.3

Since the global financial crisis in 2008, the
dynamics of GVC expansion have changed. Trade
has bounced back from its deep crisis level, but it has
grown only marginally faster than output. Trade in
parts and components also stalled after the financial
crisis and even fell between 2011 and 2014, with a mod-
est increase since then.

The factors behind the trade and GVC slowdown
are both cyclical and structural in nature. On the one
hand, trade growth is lower because global output
growth is lower in economies that account for large
shares of global trade and global output, such as
Europe and China. Trade has also grown at a slower
pace because the trade-to-income elasticity—defined
as the amount of trade generated as output rises—has
decreased. This is especially true in large trading coun-
tries, including China and the United States. China is
producing more at home, thereby becoming less reli-
ant on imported components for its exports. The share
of intermediate imports in exports of Chinese goods
dropped from about 50 percent in the 1990s to a little
over 30 percent in 2015. In the United States, a boom-
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Question: How much did the GVC share rise between 1990 and 2008?



The evolution of GVC
participation

The overall share of GVC trade intotal world trade-

of theirinputs. In addition,frms were able todisperse.
production across the world because transport costs
fell significantly (figure 13, panel b).Declining air and
sea freight costs boosted the trade in goods, while ser

grew significantly in the 1990s and early 2000, but
it appears to have stagnated or even declincd in the
i of world trade

Successive rounds of trade liberalzation have
resulted in sapidly falling barriers 1o trade and invest
5

appears tobe related to GVCs
What explains the remarkable rise in GVC par.
ticipation in the 19905 and 200057 And why has this
process stalled snce the financial risis?
“The global wave of fragmentation of prodction in
the 19905 and 20005 was driven by  combination of
factors. The informaian and communication technol

agement software, and increasingly poverful per-
sonal computers (igure 13, panel a). Manufacturing
firms then found it casie to ousource and coordinate

ifs have declined, especialy for manufactured goods,
‘and the gradual, although sil insuficient, lowering,
of nontariff barriers has facltaed th

trade of goods and services (figure 14) Finlly, the
creation ofthe European single market —togecher with
the integration of China, Indis,and the Soviet Union
into the global cconomy-—created huge new product
and labor markets, and so firms could sell the same.

goods to more people and take advantage of economics.
of scale leading o the further deepening of GVCs. The.
new supply of cheap labor encouraged profitsecking

companies to cither reallocate their production facili

Figure 1.2 GVC trade grew rapidly in
the 19905 but stagnated after the 2008
global financial crisis

do

GVC share of global

Since the gobal fioancil < in 200, the
dymamics of GVC expansion have changed. Trade
s bouncd b rom it decp criis vl bt it s
grown only marginally fser than outpu, Trade n
parts and componens lso stalldafe the inancal
G and cven fll et 201 and 014, with 2

The factors behind the trade and GVC skwdoven
ar both cylcal and srucurl i aure.On te one
band, trade growth i lower bocause global output
grovth s ke in cconomies tht accoun for rge
hres of global rade and glbal ourpu, such 35
Eutope and Chiva Trade has s growm at 3 slower
pace because the tradetoincome lsticy—defned
25 the amountof tade generaed s outputises_has
decessd.This s cpecally rue n g rdingcoun
rie, nluding Chinaan the Urited e, Chin s

e e
it s s s HC e sad s

P at home, ther less el
anton imported components forts exports. The share
of intermediate imports in exports of Chincse goods.

ROt et cty e T om0
20 GHC mrptn comende oo o g s o

dropped from the 19908 o a lttle
over 30 percent in 2015. In the United States, a boo

Communicative Documents

50 4

45

40

GVC share of global trade (%)

30 .

QO 4%
\q/\ \q/\

How much did the GVC
. | share rise between
1990 and 20087

I

Natural Language Interfaces



“Words and pictures belong together.”

[Tufte, 1983]



Facilitating Document Reading by
Linking Text and Tables

[Kim et al. 2018]



An overwhelming majority
of chaplains who

(82%) and for meetings
with spiritual leaders of
their faith (71%) are usually
approved. And about half
of chaplains say that
requests for a spegial
religious diet (53%) or for
permission to have sacred
items or religious clothing
such as crucifixes, eagle
feathers and turbans (51%)
also are usually granted.
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http://www.youtube.com/watch?v=kvlIepSfwvI

Automatically extract references between sentences and tables



Automatic Reference Extraction Pipeline
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Women are more likely than men to cite some reasons for not using the internet

Major reasons

% of online men
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Don't need it 45 58
Don't have time 29 29
Too expensive 25 34

Equal numbers of men and women said they lack time.
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Stage 1: Table Structure Extraction
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Women are more likely than men to cite some reasons for not using the | Title Cell
internet
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Stage 2: Match Sentence Text to Table Cells

Women are more likely than men to cite some reasons for not using the
internet
Major reasons % of online men % of online women
Don’t need it 45% 58%
Don’t have time 29% 29%
Too expensive 25% 34%

Equal numbers of men and women said they lack time.



Stage 2: Match Sentence Text to Table Cells

Women are more likely than men to cite some reasons for not using the
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Major reasons % of online men % of online women
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Stage 3: Rule-based Refinement of Matches

Women are more likely than men to cite some reasons for not using the
internet
Major reasons % of online men % of online women
Don’t need it 45% 58%
Don’t have time 29% 29%
Too expensive 25% 34%

Equal numbers of men and women said they lack time.



Stage 3: Rule-based Refinement of Matches

Women are more likely than men to cite some reasons for not using the
internet
Major reasons % of online men % of online women
Don’t need it 45% 58%
Don’t have time 29% | 29%
Too expensive | 25% | 34%

Equal numbers of men and women said they lack time.
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O ACL and CVPR papers



Pipeline Evaluation

® Corpus
O Pew Research Reports
O ACL and CVPR papers
O Kong et. al (2014)
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Our interface facilitates reading documents with tables



User Study

® \Within-subject study
® 14 adult volunteers, all fluent in English

® Task: Annotate references with/without our interface



Findings of User Study
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Findings of User Study

“The interface allows me to read the table while reading the text ...”



PRINCIPLE 1 THEOREM 3.1

A mutation to a place is a mutation to all Let:

conflicting places. * Tmut = Tmut-|Z],0 whereo b Ty 4 _ XV
e 0,6 =0z~ Vv

Tany be any place
Then 0 (Many) # F(Tany) = any [ Tmut-

As described in Section 3.3, a mutation to a place is represented by updating a variable z in a stack o by
plugging a value v into a value context V. To denote a conflict, we reuse the notation from Oxide that m; #
7, means "m; and 7, do not conflict", or more formally:

z1.q1 # T2-q2 — z1 # z2 V ((q1 is not a prefix of g2) A (g is not a prefix of ¢1))

Conversely, we use the shorthand m; M &f —(m1 # m2) . So if a place many is changed when mmy is

mutated, then it must be that many M Tmut.

Part of Nota's inspiration was my attempts
to visually encode correspondences between
objects (see page 10 of the PDF). LaTeX's
brittle abstractions made it frustratingly
hard to do something as simple as “draw a
colored underline beneath a piece of math.”

By contrast, implementing this feature
was trivial in HTML/CSS/Javascript. And we
could extend the idea with interactions like
drawing attention to corresponding objects
on hover.

[Crichton 2021]




How Readers Integrate Information
In Visualizations & Text

[Kim et al. 2020]
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Do readers rely more on the chart or captions for their takeaways?



User Study
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's Approval Rating

Macron

60%

30%

IDOMAIN] [FEATURE] between
and [END DATE].

Macron's approval rating
steeply dropped between
and August of 2017.
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The 30-year fixed mortgage rate reached its peak of 18.5% in 1981.



When text and visualization emphasis mismatch,
readers rely more on the chart and
can miss information in the caption.



Chart Question Answering
with Explanations

[Kim et al. 2021]



[Kafle et al. 2018]



Accuracy of algorithms on different

datasets
10
datasets
I core
g W bulk
B rank
B symbol
i
> 6 p
©
-
(&)
< 4
2
0

steel disk

[Kafle et al. 2018]



Most preferred objects

2, 9
% %,

4 60 €
Percent of People

Accuracy of algorithms on different
datasets

datasets
= icle
= fear

Accuracy

ratio vice dome pastor

Structure Understanding
How many bars are there?
Are the bars horizontal?

Structure Understanding
How many groups of bars are there?
Are the bars stacked?

Data Retrieval
What percent of people prefer the object ballet?

Data Retrieval
What is the accuracy of the algorithm vice on the

What is the label of the third bar from the dataset fear?
bottom? Does the chart use logarithmic scale?
Reasoning Reasoning

Is the object flow preferred by more people than
the object point?
What percent of people prefer the object point or
ballet?

Which algorithm has the lowest accuracy across
all datasets?
How many algorithms have accuracy greater than
5 in at least one dataset?

DVQA
[Kafle et al. 2018]
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intersect Light Gold?
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A: No

Q: Is Light Gold less
than Periwinkle?

A: Yes

Q: Does Periwinkle have
the maximum area under the
curve?
A: Yes

Q: Does Medium Seafoam
have the lowest value?
A: No

[Kahou et al. 2018]
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Formative Study
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Formative Study Results
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answer
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Chart QA Pipeline and
Generating Explanations
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Table

Year | City Country | Nations
1896 | Athens Greece 14
1900 | Paris France 24
1904 | St. Louis | USA 12
Greece held the last @ = 2004 | Athens Greece 201
Sm’jh,?ij’"”’, " 2008 | Beijing China 204
: 2012 | London UK 204

(3) Ranking
@—* (4) Execution @
AlYear...].argmax(...Greece, Index) {2004}
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Greece held the last [

(1) Conversion

Summer Olympics in

(3) Ranking

@ Bt @
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Greece held the last [

(1) Conversion

Summer Olympics in

(3) Ranking

@ Bt @

AlYear...].argmax(...Greece , Index) {2004}

which year?

Compositional Semantic
Parsing on Semi-Structured

Tables
Pasupat and Liang (2015)

Table

Year | City Country | Nations
1896 | Athens Greece 14

1900 | Paris France 24

1904 | St. Louis | USA 12

2004 A.t.hens .G.r.eece 201
2008 | Beijing China 204
2012 | London UK 204

Question

Greece held its last

Summer Olympics in
which year?

\
(-

Lambda Expression
R[Ax[Year.Date.x]]

Answer
2004

.argmax(Country.Greece,

Index)
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Explanation

| computed the difference between the
length of the bar for ‘Gallup’ and
‘Quinnipiac’.
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What position is Ipsos in?

Answer

2.9 X

Explanation
| looked up the length of the bar for ‘Ipsos’.
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® 20 Chart-Question-Answer-Explanation tuples (5 per explanation type)
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—P Transparency, Trust —9
Correctness Response

& Usefulness
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Eviza: A Natural Language Interface for
Visual Analysis

[Setlur et al. 2016]



Supporting an analytical conversation
“Find large earthquakes near California”

o m @ |1 +




Eviza

“Find large earthquakes near California”
“How about near Texas”




Deeper analytical conversation

“show me the trends for next month”

134



AS k D ata https://www.tableau.com/products/new-features/ask-data




Analytical functions supported

“what’s the sum of price for each country?”

sum of Price by Country as a map

Price

$18.00 $389,040.00

b

“top 5 wineries by average points”
average Points by Winery, top 5 Wineries by average Points

uil Bar Chart

“wineries in france”

sum of Number of Records by Winery with Country in France

a1l Bar Chart -

Number of Records.

“sort wineries by average price”

average Price by Winery, sort Winery in descending order by average Price

ul Bar Chart

z
@
=




AUGMENTING SEMANTICS



Datetime

price

Latitude

Longitude

area

#beds

openhouse_time

Source

1/4/2016

600000

38.8977

77.0365

5320

3:00pm

re.us/dfj3.php




“Show me house prices”



“Show me house prices”

Prices = price

N

Ask Data

Datetime

price

Latitude

Longitude

area

#beds

openhouse_time

Source

1/4/2016

600000

38.8977

77.0365

5320

3:00pm

re.us/dfj3.php




“Show me expensive house prices” in Ask Data

Expensive refers to price

Datetime

price

Latitude

Longitude

area

#beds

openhouse_time

Source

1/4/2016

600000

38.8977

77.0365

5320

3:00pm

re.us/dfj3.php

Expensive: adjective; entailing great expense; very high priced; costly




“Show me house cost”

Cost is a synonym of

price
Datetime price Latitude | Longitude | area #beds openhouse_time | Source
1/4/2016 600000 38.8977 | 77.0365 5320 |3 3:00pm

re.us/dfj3.php

Cost: amount, charge, damage, price, expenditure...




“Show me large houses”

Large refers to size, which can be measured as

darea
Datetime price Latitude | Longitude | area #beds openhouse_time | Source
1/4/2016 600000 38.8977 | 77.0365 5320 |3 3:00pm re.us/dfj3.php

Large: adjective; ample in dimensions, quantity, or number. Having much size or

extent, capacity, scope, length, breadth etc., or relatively being of more than

common measure wide, broad, spacious, great, big, or bulky
Area: noun; a measure of the extent of a surface it is measured in square units




“Show me sqft of houses”

Sqft measures area

Datetime price Latitude | Longitude | area #beds openhouse_time | Source
1/4/2016 600000 38.8977 | 77.0365 5320 |3 3:00pm re.us/dfj3.php

Did you mean sift?

More suggestions:

soft

<)




Using word similarity

“The house is 5000 sqgft.”
“The house has 5 beds.”

“| have a pet cat.”

o area

cat

dog

® husky

latitude
[ ]
sqft e beds
[ ]




Visualization properties

Query: what's the spike in that|bluelline?

Compute color distance

Median house price

600k
550k
500k
450k
400k
350k
300k
250k
200k
150k
100k

W Townhouse
M Condo/Coop
W Single Family Residential

609.0k

April  July October 2014 April July October 2015 April July October 2016

Month of last sale date

How have sale prices changed?




xternal knowledge
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“highest and lowest temperatures in Fahrenheit over fall”

Temperatures in 2014

- Max: 78.44°F

70 '
65

. 31)

in: 55.22°F
s rn

Date )

Temperatu

Mar 02 Mar09 Mar16 Mar23 Mar30 Apr06 Apr 13 Apr 20 Apr 27 May 04 May 11 May 18 May 25

highest and lowest temperatures in Fahrenheit over seasons in | Southern Hemisphere % |

fallisfrom | 03/01/2014 |to| o0s/31/2014  |fall.
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Go gle pound dollar drop july 2016 & Q

Al News Shopping Videos Images More Settings Tools

About 3,020,000 results (0.66 seconds)

Brexit Britain: Pound drops to $1.28 - Jul. 6, 2016 - CNN Money
money.cnn.com/2016/07/06/investing/brexit-pound-drops/index.html v

Jul 6, 2016 - by Ivana Kottasova @ivanakottasova July 6, 2016: 1:21 AM ET ... The pound has dropped
roughly 15% since the referendum day, wheniit ...

Pound slumps to 31-year low following Brexit vote | Business | The ...
https://www.theguardian.com > Business » Sterling v

Jun 24,2016 - A woman in New York watches the pound fall on a laptop. Photograph: Andrew ... Friday
24 June 2016 02.55 EDT First published on Thursday 23 June 2016 18.15 EDT. The value of ... Pound v
dollar. Value of £1 in USS.

British Pound to US Dollar Exchange rate history: 10 July 2016 (10/07 ...
https://www.poundsterlinglive.comy/.../british-pound-to-us-dollar-exchange-rate-on-20... ¥

Jul 10, 2016 - On the 10th July 2016 the spot inter-bank market saw: Open: 1 GBP = 1.2908 USD. Close:
1 GBP = 1.2963 USD. Average: 1 GBP = 1.2944 ...

British Pound to US Dollar Exchange rate history: 04 July 2016 (04/07 ...
https://www.poundsterlinglive.com/.../british-pound-to-us-dollar-exchange-rate-on-20... ¥

Jul 4, 2016 - On the 4th July 2016 the spot inter-bank market saw: Open: 1 GBP = 1.325 USD. Close: 1
GBP = 1.3295 USD. Average: 1 GBP = 1.3287 USD.

British Pound to US Dollar Exchange rate history: 12 July 2016 (12/07 ...
https://www.poundsterlinglive.comy/.../british-pound-to-us-dollar-exchange-rate-on-20... ¥

Jul 12, 2016 - On the 12th July 2016 the spot inter-bank market saw: Open: 1 GBP = 1.3002 USD. Close:
1 GBP = 1.3247 USD. Average: 1 GBP = 1.3156 ...

British Pound to US Dollar Exchange rate history: 06 July 2016 (06/07 ...
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“what is the drop in july 2016?”

Pound vs dollar
USS$2.6

2.4
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1.8
1.6

1.4 June 24,2016
1.2 ' The pound falls to $1.3229 as referendum
- results show Britain would leave the EU

1980 1985 1990 1995 2000 2005 2010 2015



Summary

Text and language play an important role in visual analysis

* Linking text with visualization
* Understanding how readers integrate charts and captions
* Visual question and answering

* Natural language interfaces



