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How much did the GVC share rise between 1990 and 2008?Question: 



Communicative Documents

How much did the GVC 
share rise between 
1990 and 2008?

Q:

Natural Language Interfaces



“Words and pictures belong together.”

[Tufte, 1983] 



Facilitating Document Reading by 
Linking Text and Tables

[Kim et al. 2018] 



[Kong et al. 2014] 



http://www.youtube.com/watch?v=kvlIepSfwvI


Automatically extract references between sentences and tables
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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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Stage 1: Table Structure Extraction

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%

Column 
Headers

Row 
Headers

Data Cells

Title Cell



Stage 2: Match Sentence Text to Table Cells
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Stage 3: Rule-based Refinement of Matches

Equal numbers of men and women said they lack time.

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%
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Pipeline Evaluation

● Corpus
○ Pew Research Reports

○ ACL and CVPR papers

○ Kong et. al (2014)
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User Study

● Hypothesis
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

● Hypothesis
Our interface facilitates reading documents with tables
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“The interface allows me to read the table while reading the text …”

Findings of User Study



[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



Identify Visually 
Prominent Features

Generate Captions
Collect Takeaways for 

Charts & Captions

Charts
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1st

2nd

3rd

Non-pro

[DOMAIN] [FEATURE] between 
[START DATE] and [END DATE].

Macron's approval rating 
steeply dropped between 
June and August of 2017.



Results



Caption Emphasis

Chart Emphasis

≠

Takeaway:
Chart Emphasis

The 30-year fixed mortgage rate increased slightly from 1997 to 1999.
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The 30-year fixed mortgage rate reached its peak of 18.5% in 1981.

Caption Emphasis

Chart Emphasis

=

Takeaway:
Chart Emphasis



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] 



[Kafle et al. 2018] 



[Kafle et al. 2018] 

DVQA FigureQA

[Kahou et al. 2018] 
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Chart QA

For which religion did the fewest 
chaplains think that religious 
extremism is common?

Question

Chart
Answer

Orthodox Christians, Hindus.

Transparency?

Explanation
I looked up ‘Religion’ for 
the shortest orange bars.

Trust?



Formative Study





Which religion has the greatest 
value for Common?

Question



Which religion has the greatest 
value for Common?

Question

MuslimsAnswer

Explanation I picked religions with the 
greatest orange percentage.



Formative Study Results
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●Explanations describe procedure for computing 
answer

●Half of the explanations referred to visual features of 
chart

“I picked religions with the greatest orange percentage.”





Glabron at University Farm



Green component in the top barGlabron at University Farm



Chart QA Pipeline and 
Generating Explanations  
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Table

Question

Greece held its last 
Summer Olympics in 
which year?

Sempre

Answer

2004
Compositional Semantic 

Parsing on Semi-Structured 
Tables

Pasupat and Liang (2015)
  R[λx[Year.Date.x]]

.argmax(Country.Greece, 
Index)

Lambda Expression
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Sempre

Answer

Which religion has the 
shortest orange component?

Question about Chart

Chart Data 
Table

Which religion has the least 
‘Common’ Percentage?

Question about Table

Orthodox Christians, 
Hindus.

argmin[R[Religion].Row, 
R[λx(R[Number].R[Common].
Religion.x)]]

Lambda Expression Non-Visual Explanation
I looked up ‘Religion’ with the 
least ‘Percentage’ of ‘Common’.

Visual Explanation
I looked up ‘Religion’ for 
the shortest orange bar.



Example Explanations
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0.8
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What is the difference between the value of 
Gallup and Quinnipiac?

Question

Answer
0.8

I computed the difference between the 
length of the bar for ‘Gallup’ and 
‘Quinnipiac’.

What position is Ipsos in?
Question

Answer

Explanation
2.9

I looked up the length of the bar for ‘Ipsos’.

Explanation
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For which religion did the 
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Q:

Orthodox Christians, Hindus. I looked up 
‘Religion’ for the shortest orange bar.

Orthodox Christians, Hindus. I looked up 
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Hypothesis: Visual explanations increase transparency and trust

For which religion did the 
fewest chaplains think that 
religious extremism is 
common?

Q:

Orthodox Christians, Hindus. I looked up 
‘Religion’ for the shortest orange bar.

Orthodox Christians, Hindus. I looked up 
‘Religion’ with the lowest value for 
‘Common’.
Orthodox Christians, Hindus. They 
have lowest values for ‘Common’.

Orthodox Christians, Hindus.A2 (no-exp): 

A4 (human): 

A3 (non-vis): 

A1 (vis): 
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● 16 participants

● 20 Chart-Question-Answer-Explanation tuples (5 per explanation type)

Determine Answer 
Correctness

Evaluate 
Transparency, Trust 

& Usefulness

Free-Form 
Response



Study Results
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Trust
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Higher TrustLower Trust

- Accuracy of answers
- Explanation-answer match



Eviza: A Natural Language Interface for 
Visual Analysis

[Setlur et al. 2016] 



“Find large earthquakes near California”

Supporting an analytical conversation



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

Eviza



134

Deeper analytical conversation

“show me the trends for next month”



Ask Data https://www.tableau.com/products/new-features/ask-data



“top 5 wineries by average points” “sort wineries by average price”

Analytical functions supported
“what’s the sum of price for each country?” “wineries in france”



AUGMENTING SEMANTICS



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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 



“Show me house prices”



Prices ≈ 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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 

“Show me house prices” in Ask Data



Expensive refers to price

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

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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 

“Show me expensive house prices” in Ask Data



Cost is a synonym of 
price

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

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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 

“Show me house cost”



“Show me large houses”

Large refers to size, which can be measured as 
area

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

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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 



“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

⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮  ⋮ 



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

.

.

.
“I have a pet cat.”

.

.

.

cat
dog

husky

area

sqft
latitude

beds

Using word similarity



Query: what's the spike in that blue line?

Compute color distance

Visualization properties



External knowledge



“highest and lowest temperatures in Fahrenheit over fall”

(March 1, May 31)
in the Southern 

hemisphere

Units
(and how to convert to)



“what is the drop in july 2016?”



“what is the drop in july 2016?”



“what is the drop in july 2016?”



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

Summary


