
XNLI: Explaining and Diagnosing NLI-based 
Visual Data Analysis

Yi Ren1

Zihan Yan3Shi Liu1 Yuxin Ma4 Wei Chen1Huamin Qu2

Yingchaojie Feng1 Xingbo Wang2 Kam Kwai Wong2Bo Pan1

1. Zhejiang University
2. Hong Kong University of Science and Technology
3. Massachusetts Institute of Technology
4. Southern University of Science and Technology



• Natural language interfaces (NLIs) have become a popular and effective 
interactive paradigm for accomplishing human tasks.

NLIs

Background

ChatGPT (OpenAI)

Siri (Apple)

Google Assistant

Write an email to Peter for me.

Book me a ticket to Los Angeles.

How's the weather today?

Input

Dear Peter …

OK! When do you plan to leave?

Good morning! It is sunny.

Response



Background

Input

Natural Language InterfaceNLI

Output

Movie
Dataset

Show rating whose gross 
is no less than 100M

Content Rating
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Related Work
• Prior work have introduced interactive widgets to help users identify 

ambiguities in the queries and support adjustments.

DataTone
(Gao et al)

Eviza
(Setlur et al.)

Orko
(Srinivasan et al.)



Related Work
• Prior work have introduced interactive widgets to help users identify 

ambiguities in the queries and support adjustments.
• E.g., DataTone manages ambiguity regarding attribute, dimension, etc.

DataTone
(Gao et al)



Related Work
• Lack of systematic explanations for data transformation process in

the context of NLI pipeline.
• Diagnosing and correcting the unexpected results remains a challenge.

IMDb Dataset Data Attribute Analytical Task Visual Encoding

Show IMDb rating of movies with gross no less than 100M and budget less than 100M.

NLI process



We present XNLI, an eXplainable NLI system for visual data analysis

XNLI



• Target users: data analysts who use NLIs for visual analysis
• Pilot study: open-ended task exploration, user interview

Design Process

Participants
9 data analysts

Procedure
Open-ended task exploration & user interview

Result

Unexpected 
results

Design 
requirements

NLI

IMDb movies

Investment 
advice

Exploration
results

Interview

Exploration 
experience



• Result analysis

Design Process
• Design requirements

Total: total unexpected results appeared in the pilot study.
Locate: the unexpected results located by the users.
Correct: the unexpected results corrected by the users.

R1 Provide an overview of the visualization process 
from the key aspects of the NLI pipeline.

R2 Leverage the representative data items to 
demonstrate the visualization process.

R3 Reveal the connections between the visualization 
process and the original query.

R4 Show the inference types of NLI to highlight the 
uncertainty of query interpretation.

R5 Support adjustment of the visualization process 
through directed manipulation.

R6 Provide hints and query examples for query 
phrasing and revision.



XNLI - System Workflow

D Query Hint

C Interactive Adjustment

Content Rating

Content Rating

Rotten Tomatoes Rating

IMDB Rating

Attribute:

Operator:

Value:

Worldwide Gross < 100000000 

A NLI-Based Data Analysis

show rating whose gross is no less than 100M
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Movie Dataset
TitleContent Rating Worldwide Gross … 

… 

… 
R The Town 33180670

R The Mist 54777490
… … … …

B Process Explanation

Attribute

Task 21

Worldwide Gross Content Rating

Worldwide Gross < 100000000 Data Records: 589   345

Visual Encoding

Chart Bar Chart

A. Support NLI-based data analysis C. Support interactive adjustments
B. Provide explanation for key NLI aspects D. Provide hints for query revision



XNLI - User Interface

• NLI Data Analysis

• Process Explanation

• Interactive Adjustment

• Query Revision Hint



XNLI - User Interface

• NLI Data Analysis
• NL4DV

• Process Explanation

• Interactive Adjustment

• Query Revision Hint



XNLI - User Interface

• NLI Data Analysis

• Process Explanation
• Unobtrusive

• Interactive Adjustment

• Query Revision Hint



XNLI - Process Explanation
• Provide data provenance to demonstrate the process
• Extract the process from Vega-Lite specification
• Select representative data items
• Add visual cues to emphasize the changes

Creative Type: Super Hero

Mean Worldwide Gross by Genre

Chart: Bar Chart



• Provide data provenance to demonstrate the process

• Show the inference types of NLI (explicit and implicit or ambiguous)

• Reveal the relevant trigger words in the original queries.

XNLI - Process Explanation



XNLI - User Interface

• NLI Data Analysis

• Process Explanation

• Interactive Adjustment
• Add / Update / Delete

• Query Revision Hint
Attribute:

Operator:

Value:

Attribute:

Operator:

Value:



XNLI - User Interface

• NLI Data Analysis

• Process Explanation

• Interactive Adjustment

• Query Revision Hint
• Ruled-based

• Interaction-based



Show budget less than 100M …

User query Interactive adjustment

Interaction-based Hints

Show me the distribution of rating

IMDb Rating? Content Rating?

Ruled-based Hints

XNLI - Query Revision Hint

For the problems in user queries

• Attribute: misspelling & ambiguity

• Task: impractical parameters, …

• Visual encodings: unsuitable chart 

type & encoding channel, …

For the problems adjusted by user

• Attribute: failure of inference, …

• Task: unexpected type & parameters

• Visual encodings: unexpected 

chart types & encoding channels, …

Query Example Generation

Vega-Lite

Show the average Worldwide Gross by Genre 
for Super Hero movies in the bar chart. 



XNLI - Usage Scenario



XNLI - User Study
To evaluate the effectiveness of XNLI and the impacts of added
explanations on the analysis process, we conduct a comparative study
(XNLI vs. a ablated version without explanations)

• 12 participants from a tech company and a national lab of a local university
• Tasks
• Target replication (30 min)
• Open-ended exploration (30 min)



XNLI - User Study
Target replication: task completion quality

On average, our system significantly
helped users to achieve a higher task
accuracy (p = 0.0066)

Our system generally reduces completion
time compared to the baseline, although
no significance is observed (p = 0.2036)



XNLI - User Study
Open-ended exploration: user behavior

We identified three kinds of user 
behaviors in response to system results:
• Use (view only)
• Use (view & adjust)
• Not use

The process explanations were 
frequently used (80+45=125 out of 149) to 
confirm the expected system results,
and sometimes (45 out of 149) supported 
interactive adjustments for follow-up 
exploration

Participants relied on the process
explanations to locate the problems 
(37+42=79 out of 95)

Sometimes problems were located
and corrected without using
explanation components (16 out of 95)



XNLI - User Study
User feedback

Effectiveness & usability
• Process explanations helped them 

assess the correctness of the visualization 
results

• Interactive widgets supported flexible 
adjustments to get the desired results

• Query hints helped them phrase and 
revise the queries

• Overall system workflow was considered 
reasonable

Impacts on visual data analysis
The explanations help understand the NLI 
process (6/12 strongly agree, 6/12 agree), do not
disrupt NLI-based data analysis (9/12 strongly 
agree, 3/12 agree), and increase trust
• P4 remains suspicious of the current NLI-based 

analysis tools because they still require human 
understanding and intervention



XNLI - Discussion
Lessons learned
• Provide a preview of query results for NLI debugging
• Use explanations for NLI to promote system discoverability

Generalizability
Major components of XNLI are independent of different NLI implementations

Uncertainty Highlighting Provenance Generator Hint Generator



XNLI – Limitations & Future Work
Improve the query hint examples. Use LLMs to improve diversity 
and naturalness of query examples for revision

Provide explanations for follow-up queries. Besides one-off
queries, the system can explain how the NLIs leverage the context 
information to interpret the follow-up queries

Improve the system evaluation. Consider a stronger baseline (e.g.,
NLI with ambiguity widgets) for comparison
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