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Task 1: Exact Task 2:
Quantities Approximate
Quantities

Generate images
containing an exact

Interpret
quantity

approximate
quantities expressed
linguistically
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Task 3: Complex

Reasoning

Understand more
complex numerical
concepts



How do we evaluate numerical reasoning?

1. Design a set of text prompts for each of the 3 tasks

o Task 1: Exact Number Generation
o Task 2: Approximate Number Generation
o Task 3: Complex Reasoning

2. Generate images using 12 different text-to-image models
3. Annotate images with counts/descriptions of objects
4. Use annotations to evaluate model accuracy



Simple Numeric

e 3 cats.

e Two koalas.

e 7 cinnamon sticks.
e 1 okra.

e 6 paper clips.

e Ten flutes.

Sentence Numeric

e An image showing 5
mushrooms.

e There are 5
mushrooms.

e There are 5 mushrooms
in this image.

Step 1: Prompt Templates

Task 1

{2,3}-additive

e 1 chair and 3 kangaroos.

e 4 coconuts and five cats.

e 4 corkscrews, 1 olive and 2
pistachios.

e 4 spoons, 4 pistachios and
five parsnips.

Task 2

Approximate
Quantifiers

e Animage with some ants and
some flutes. There are fewer
ants than flutes.

e Animage of avase. There
are many flowers in the vase.

e Animage of avase. There
are no flowers in the vase.

Colors

e Two green apples.

¢ 1red koala and two black
apples.

e One black mushroom and
3 black bottles.

Fractional
(simple, complex)

e A pizza cut into 3 slices.
e A cake cutinto quarters.
e Animage of a pencil where
of itisred and the
is blue.

Spatial Relationships

e There are four pistachios to
the right of 4 flies.

e There are 2 mushrooms
above 3 tables.

e There are two dogs below 1
tree.

Part-whole

e There are 2 forks on the
table, but one fork is broken
into two pieces.

e There are 4 plates on the
table, but one plate is
broken into two pieces.
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Task 1

Task 1

Task 2

Prompt Type

numeric-simple
attribute-color
numeric-sentence
2-additive
2-additive-color
3-additive
attribute-spatial

approx-1-entity
approx-2-entity

fractional-simple
part-whole
fractional-complex

1386 Prompts

LU Numbers
Prompts
600 1,2,3,4,56,7,8,9,10
160 1,2,3,4
100 1,2,3,4,5
100 1,2,3,4,5
100 1,2,3,4,5,6,7,8
100 1,2,3,4,5
100 1,2,3,4,5
24 no, few, many
45 fewer, as many as, more
36 1,2,3,1/2,1/3,1/4,1/5
15 112
6 1/3 +2/3,1/2
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are flowers in the vase.

Spatial Relationships

e There are four pistachios to
the right of 4 flies.

e There are 2 mushrooms
above 3 tables.

e There are two dogs below 1
tree.

Part-whole

e There are 2 forks on the
table, but one fork is broken
into two pieces.

e There are 4 plates on the
table, but one plate is
broken into two pieces.
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Step 3: Collecting Annotations

Annotation Task 1 Annotation Task 2 Annotation Task 3
Which line describes the image the best? Is there a cake?
- T IR YES o NO
HOW man do S are An image with no books and no cats 2 .
_ B y g An image with some books or some cats, but not with both Is the cake cut into
in the |mage? books and cats. pieces?
An image with some books and some cats. There are fewer o YES o NO
books than cats Are there 5 pieces?
An image with some books and some cats. There are as many o YES o NO
books as cats. 2
An image with some books and some cats. There are more :)S :/réesca:eNgm'
books than cats

e AT3: Questions are LLM-generated (Cho et al 2023, ICLR)

Total number of collected annotations
(image labels)

Task 1 Task 2 Task 3

(174113}»2) (241;2() éﬁﬁ) ~801K annotations
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100

80

60

PR OO TN O
~>‘°°¢§° FELELSPSS
F T F

Task 1: Exact Number

Task 2: Approx. Number

Task 3: Concept. Quant




numeric-simple
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attribute-spatial

approx-1-entity
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fractional-simple
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Conclusion

e Dalle-3 has the strongest numerical reasoning

capability
o Difficulty: Task 1 < Task 2 < Task 3

e While helpful, scaling alone does not seem
enough to develop an abstract, robust
concept of numerosity

e More: auto-metrics, counting VQA benchmark,
open-sourced benchmark

github.com/google-deepmind/geckonum benchmark t2i



