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Motivation: Existing numerical QA systems face challenges

Numerical Question Answering requires Numerical Capabilities

Q: Frank had $16. After buying some 
toys he had $8 left. How much did he  
spend on toys?

A: 16 – 8 = 8

Math Word Problem

Q: What’s the average revenue from
February to April?

A: (20000+23000+26000) / 3 = 23000 

Tabular QA

Year Revenue ($) # Sales

Feb 20,000 10,000

Mar 23,000 11,000

Apr 26,000 12,500

Current Numerical QA systems 
perform well on existing datasets
SOTA on ASDiv-a: > 80% acc

However…

Q: HV captured the village at 4:45 p.m. on 2 March 1992. The JNA formed a 
battlegroup to counterattack the next day. What date did the JNA form a 
battlegroup to counterattack? counterattack the next day. What date did the 
JNA form a battlegroup to counterattack? 

A: 3 March 1992 

Discrete Reasoning

Numerical QA systems can be challenged by 
a variety of simple perturbations.
Reflects weakness of numerical capabilities! 4



Which numerical capabilies are needed? 

How to quantify a system’s weakness?

Is there a way to alleviate this weakness?

The Big Questions

…A systematic evaluation framework is needed!
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Methodology: The Hierarchy and Implementation (Goals)
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Question Goal Motivation: so system designers can…

Which numerical 

capabilies are needed? 

#1: To map out the capabilities 
involved in numerical QA 

Have a thorough checklist of needed components.

How to quantify a 

system’s weakness?

#2: To establish an indicator for 
systems’ lack of numerical 
capabilities

1. Know how severely a system lacks a capability.
2. Map out the weakness landscape by comparing 

results for different capabilities.

Is there a way to 

alleviate this weakness?

#3: To provide a baseline 
approach to alleviate the lack

Compare with future improvements on system 
architecture etc.

To Answer the Questions…



16 - 8

(Original question in the ASDiv dataset)
Frank had $16. After buying some toys he had 
$8 left. How much did he spend on toys?

Under the hood, the system goes 
through these two stages of 
problem solving

Goal #1

Methodology: The Hierarchy and Implementation (Goal #1)

8

Num1 = 16, Num2 = 8
The question semantics implies 

Num1 - Num2

QA Stages Numerical Capabilities

Frank had $16. After buying some toys he 
had $8 left. How much did he spend on toys?

Stage1: Numerical Parsing

Stage2: Semantic Parsing These 2 stages delimit the two categories of 
numerical capabilities. 

Number 

Detection

Number Value

Understanding

Operand

Selection

Operation

Selection

2 Solving Stages 4 Numerical Capabilities+

Num1(16) Num2(8)

Num1 Num2-



Methodology: The Hierarchy and Implementation (Goal #2)

The perturbations are mutually independent 
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Numerical Capabilities       Perturbations

Number 

Detection

Number Value

Understanding

Operand

Selection

Operation

Selection

Language Type Noise Distribution Verbosity Extra Logic Order

Attack
“Frank had $16. After buying some toys he had 
$8 left. How much did he spend on toys?”

“Frank had $16.3. After buying some toys he 
had $8.2 left. How much did he spend on toys?”

×

Frank had $1281. After buying some toys he had 
$478 left. How much did he  spend on toys?

1215 - 878 

×

Frank had $16.3. After buying some toys he had 
$8.2 left. How much did he  spend on toys?

16.3 + 8.2

…?

16 - 8✓

(Original question in the ASDiv dataset)
Frank had $16. After buying some toys he had 
$8 left. How much did he  spend on toys?

8 Perturbations Attack setting+

Goal #2

Noise



Methodology: The Hierarchy and Implementation (Goal #3)

The systems are trained on additional samples 
with the perturbation first 10

Defense setting

Goal #3

The difference between the two settings is 
shown during training

Frank had $16.3. After buying some toys he had 
$8.2 left. How much did he  spend on toys?

16.3 - 8.2

20.3 - 8.2 - 3.5✓

Tony had $20.3. He paid $8.2 for a ticket to a 
baseball game. He bought a hot dog for $3.5. 
What amount of money did Tony have then?

✓

Tony had $220. He paid $58 for a ticket to a 
baseball game. He bought a hot dog for $15. 
What amount of money did Tony have then?

220 - 58 - 15

✓



https://arxiv.org/pdf/2211.07455.pdf

Methodology: The Hierarchy and Implementation (Summary)
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To Aggregate

Figure 1: Overview of DNC Framework. (In our paper)



https://arxiv.org/pdf/2211.07455.pdf

Methodology: The Hierarchy and Implementation (Summary)
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To Aggregate

Figure 1: Overview of DNC Framework. (In our paper)

Goal #1

Goal #2

Goal #3
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Experiments: The Settings
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Experiment Settings

3 Datasets 5 Systems+ 2 Evaluation Settings 

7 Combinations of Tasks & Systems 1 Nvidia V100 GPU 1 Hour on Avg+

8 Perturbations



Experiments: Results & Insights 

Experiment Results



Experiments: Results & Insights 
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Experiment Results and Insights

Defense

Attack

Performance Change

Systems experience significant 
performance drop from the 
perturbations.

Defense mechanism helps to 
alleviate systems’ lack of 
corresponding numerical 
capabilities.



Experiments: Results & Insights 
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Experiment Results and Insights

Defense

Attack

Most Senstive Stage

Semantic Parsing causes a more 
severe challenge.

The lack according to 
Semantic Parsing gets more 
recovery



Experiments: Results & Insights 
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Experiment Results and Insights

Defense

Attack

Most Senstive System

Transformer-based Seq2Seq 
systems have larger 
performance drops.

Transformer-based Seq2Seq 
systems benefit more from 
Defense.
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