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Motivation

DeepSeek-R1-Zero average length per response during training DeepSeek-R1-Zero AIME accuracy during training
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Question: If a > 1, then the sum of the real solutions of ya — vVa +x = x is equal to

Response: <think> Successful Practices in LMs:

To solve the equation \/ a — Va+x = x, let’s start by squaring both - - -

(\/a-vm)zzxz s a-VaTx =2 .

Rearrange to isolate the inner square root term:
(a—x*)?=a+x = a®*-2ax*+(x*)? =a+x = x*-2ax* —x+(a®*-a) =0

RL brings prolonged and advanced
reasoning capability.

Wait, wait. Wait. That’s an aha moment I can flag here.

Let’s reevaluate this step-by-step to identity if the correct sum can be - - -
We started with the equation:

Va—varx=x * The improved performance is driven

First, let’s square both sides:

a-VaFx=x* = Varx=a-x’ by the evolved reasoning.

Next, I could square both sides again, treating the equation: - - -

1] Guo, Daya, et al. "Deepseek-rl: Incentivizing reasoning capability in llms via reinforcement learning." arXiv preprint arXiv:2501.12948 (2025).



Motivation

Com&ﬁ’lf\'dté%l)w'ath PhD-Level Science Questions

(GPQA Diamond)

Let's break down the process of counting the letter 'r' in the Forcing 2048/4096 max thinking 60% accuracy
word "raspberry" ... cokens Sequential scaling

* First letter: 'r' - This is an 'r', count = 1. \ via Forcing with s1 e W 4

* Second letter: 'a' - Not an 'r', count remains 1 ... /‘

* Sixth letter: 'e' - Not an 'r', count remains 1. ! /

* Seventh letter: 'r' - Thisis an 'r', count = 2. /

* Eighth letter:'y' - Not an 'r', count remains 2 ... /

(How many r in raspberry? Question) 60

=

-
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Accuracy (%)

The number of 'r's in "raspberry" is 2.
Wait, let's re-read the question carefully. It asks "How many r

Accuracy (%)
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O
\

\

Ignoring end-of-thinking 2x/4x/6x and

. " + _ _ B _ _ _ ~ _ -+ - 1.1 -+ ! - . . . ) 3 ( <@
in ras Ob'ell’l’y'.l e r : la S-p b_ e-r-r-y..*First'r' ... 20 appending “Wait” thus forcing it to continue it )
Second 'r' ... * Third 'r' ... Count =3 ... o reasoning when it tries to stop 46] go"
My initial answer of 2 was incorrect due to a quick reading of 1024 2048 4096 8192 100.000 1 million
the word. Final Answer: The final answer is|3 Response Average thinking time (tokens) Output tokens (sum over all questions)
(a) Sequential scaling via budget forcing (b) Parallel scaling via majority voting

* SFKT on distilled reasoning traces also brings competitive performance for LMs
* Test-time scaling laws: more reasoning/thought will bring higher benefits

2] Muennighoff, Niklas, et al. "s1: Simple test-time scaling." arXiv preprint arXiv:2501.19393 (2025).



Motivation

Question: Can we bring such strong reasoning capability into multi-modal domains?

A lot of recent works are pursuing strong multi-modal reasoning models

® ®
Rl 'One ‘ lSlOIl Yang, Yi, et al. "R71-onevision: Advancing generalized multimodal reasoning through cross-modal formalization.”" arXiv preprint arXiv:2503.10615 (2025).
o
; lSll al'RFT Liu, Ziyu, et al. "Visual-rft: Visual reinforcement fine-tuning.” arXiv preprint arXiv:2503.01785 (2025).
Re aS O H-RF T Tan, Huajie, et al. "Reason-rft: Reinforcement fine-tuning for visual reasoning." arXiv preprint arXiv:2503.20752 (2025).
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‘ LAA'Thln ker Chen, Hardy, etal. "Sft or rl? an early investigation into training r1-like reasoning large vision-language models.”" arXiv preprint arXiv:2504.11468 (2025).
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‘ lSlOn'Rl Huang, Wenxuan, et al. "Vision-r1: Incentivizing reasoning capability in multimodal large language models.” arXiv preprint arXiv:2503.06749 (2025).
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Thln kL lte' ; L Wang, Xiyao, et al. "Sota with less: Mcts-guided sample selection for data-efficient visual reasoning self-improvement.” arXiv preprint arXiv:2504.07934 (2025).
SEED 1 05- ‘ L Guo, Dong, et al. "Seed1. 5-vltechnical report.”" arXiv preprint arXiv:2505.07062 (2025).
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Gemlnl-Z.S-PrO Comanici, et al. "Gemini 2.5: Pushing the frontier with advanced reasoning, and next generation agentic capabilities." arXiv preprint arXiv:2507.06267 (2025).
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Motivation

! killer whales, the apex predator.

... Alternatively, perhaps I made a mistake in ...Wait, perhaps the answer is A.
....perhaps the question is incorrect....Wait, et me read the food web again carefully.

R1-Onevision Dataset Therefore, the answer is ....but since that's ....The correct answer is A. Cod.

~ Data Preparation . . Formal Description
| . . | | = o Dense_caption: The image is a diagram of a food |
Original Data Filtered Data | web, illustrating the complex feeding | Question: According to the food web shown here, which of these animals is a herbivore?
I relationships... |
| Bottom Level: Algae are consumed by krilland CoT
| logic g | eI small animals and protists.Intermediate NI | i e o e e s L e T e Pl A R Pl e R B A o
description ol — '{consumars: Krill are saten by AGStie panguims, ' I need to figure out which (animal among the options is a herbivore based on the food '
geometry uu eometrv,  DowndingOcsn. bl haatar aea's; Anc coc. Bmat amstant . o ' web described.) First, the food web starts with ....Looking at the options given: .... |
nting ctatics § s b dq | e omt . |TPGLISEE ans cor rd prey for leepAnG #6n's. ol ' Let's check each one: ...Wait, but the question is about ....Hmm, maybe [ missed l
optics ... =2tatlcs g dlgebra | St Sand Squid are eaten by elephant seals.Higher-Level | | something. Let me double-check the options again ...So does that mean none of them |
' ' 72, 'xmax': 357, Consumers: Leopard seals eat penguins and cod, ' . are herbivores? But that ...Oh, wait, maybe Cod eats small animals and protists, but |
ymax': 135}, ... ] while elephant seals eat squid—both are prey for | . do any of the options eat plants? ...Let me check again. Wait, the food web says .
| |
! |
| |

Prompt @ @
<thinks>...<think> Answer A @ <think>...<think> Answer A @ L T
@ Role Playing

I need to figure out (which animal among the options is a herbivore) based on the
image itself. First, the image shows ....Looking at the options given: Let's check each
one directly from the image: As seen in the image, ....It's shown in the image that ...as
shown in the image, so they're also ....Wait, but the question is about herbivores.

 <think>...<think> Answer C @ « <think>...<think> Answer B ®

» g ) ...Hmm, maybe I missed something....Wait, the image shows that ...Wait, the image
o o clearly states that Krill are herbivores, but Krill isn't an option. Alternatively, perhaps
the question is ...Alternatively, perhaps | made a mistake in ...Wait, looking back, the
. . . ‘ image shows that ...Wait, maybe the answer is ... but the image shows that ....So,
<think>...<think> Answer D(") <think>...<think>No Answer(") actually, ....let me read the image again carefully. ....Therefore, the correct answer
must be A, Cod.
: | Reinforcement Learning
R1l-onevison SFT | o P i S
' The vapor pressure of I Vapor pr:ssure i?‘cr:‘ases with temp- ! R1-Onevision : :
. - : | erature because higher temperatures | . : : : .
{ | ‘tne‘:rt\;'; :-r;%;i:ﬁi \tniltth | give water molecules more energy, | .. | Think p = _ {1.0, if ans 1x}cllndes <think>< /think> |
| does so in a non-linear | causing more evaporation. So, the I Output ! Reward 0.0, otherwise.

relation-ship between vapor gressure |

CoT |

- = | manner, startmg from

|
|
|
| |
' |
| . and temperature is positive. Option A
| ' &Lc:.v:avs?&;ger:;?e Sa;i?ﬁy  Constructionl o ows a curve that starts low and in- ! : . . :
——————— | 58 the timiaritine : | creases 3[\arply, which matches the ! . 1.0 if symbolic ans match '
ion: H | ises. Thi T 3 | expected in-crease In vapor pressure.. | : : ‘
'S\:iztm::to: did "' best rI h#is&'ii‘ﬁ;'i : 10 t'?\“da showfs a dscreas-cl:n%‘curve. | | Accuracy , 10 1§ sumeric ans match |
l I (which doesn't fit... Option C shows a I R d flace = . I
.the beaver take? | cuavg that starts low | ' stra-ight line, but thg increase should ' GRPO |, e ratio(ans, GT) if fuzzy text match |
| Chisteis | : :Pee;,?;?::ﬁ: more : : be steeper near the boiling point... : | 0.0 it |
'A. 6 B.63C.4D.32' | temperature increases.. OK.t'"! D shows a step-like pattern, | ' ' |
o i . “£¢ The correct aravh ia: B | which isn’t continuous... ' k: &
-------- l SrepeLince | 1 So, the correct answer is A ! | - e e e e e e e e e = e - -

3] Yang, Y1, et al. "R1-onevision: Advancing generalized multimodal reasoning through cross-modal formalization." arXiv preprint arXiv:2503.10615 (2025).



Motivation

Question: Cynthia paints each region
of the figure 1n a single color: red,
blue or yellow. She paints with
different colors the regions that
touch each other. In how many
different ways can Cyntia paint the
figure?

* More advanced reasoning behaviors, e.g., self-retlection, verification

@ GPT-40 Caption:

The image features a series of concentric circles with varying thicknesses,

forming a symmetrical pattern. The outermost circle 1s the largest, enclosing

progressively smaller circles toward the center. Some of the inner circles
intersect with each other, creating curved segments that resemble a layered
or nested design. The overall composition appears structured and balanced,
with smooth, evenly spaced curves contributing to a visually appealing
geometric arrangement. The image 1s monochromatic, utilizing black
outlines on a white background.

@' Deepseek-R1:

Okay, let's tackle this problem step by step...First, I need to visualize the
figure described...Since it's concentric circles, ... The challenge 1s to figure
out how many regions there are and their adjacency. Let me try to break it
down:...Let's consider possible common figures of this type...Case 1: A
simple target with three concentric circles... Total: 3*2%2%2 = 24, Case 2:
Suppose there are two intersecting circles inside... Total: 3%2%2=12.
However, I recall that in similar problems with a central region and
surrounding regions forming a cycle... Assuming the structure forms a
chain of outer, middle, and inner annuli, plus four inner regions arranged in
a cycle the coloring constraints are:

1. Outer annulus (O): 3 color choices.

2. Middle annulus (M): 2 choices (different from Q).

3. Inner annulus (I): 2 choices (different from M),

4. Four inner regions: Form a cycle, requiring 2 alternating colors

different from I, yielding 2 colorings.

Total colorings:
J(0)*2(M)*2 (1)*2 (inner cycle)=24. Final answer: 24,

g Qwen2.5-VL-7B:

To determine the number of different ways
Cynthia can paint the figure, we need to consider
the constraints given: each region must be painted
with a different color from its adjacent regions.
Let's analyze the figure step by step.

1. Identify the regions. 2. Coloring the innermost
circle3. Coloring the next circle: The next circle
must be a different color from the innermost
circle. So, there are 2 choices for this circle. 4.
Coloring the next circle: The third circle must be a
different color from the second circle. So, there
are 2 choices for this circle.5. Coloring the next
circle6. Coloring the outermost circle

- 3 choices for the innermost circle.

- 2 choices for the second circle. 2 choices for
the third circle.2 choices for the fourth circle. 2
choices for the outermost circle.

The total number of different ways to paint the
figure 1s:

3%2%2%2%2 = 3*%16 = 48. Thus, the number of
different ways Cynthia can paint the figure 1s 48.

* Less reasoning errors, e.g., calculation, consistency

3] Yang, Y1, et al. "R1-onevision: Advancing generalized multimodal reasoning through cross-modal formalization." arXiv preprint arXiv:2503.10615 (2025).

R1-Onevision:

_—
The image shows a figure with five concentric circles,
each touching the next. Cynthia uses three colors: red,
blue, and yellow. Each circle must be painted a different
color from its neighbors. Since the circles are concentric,
each circle touches the next, meaning each circle must be
painted a different color.
Let's analyze the coloring:
I. The innermost circle can be any of the three colors (red,
blue, or yellow).
2. The next circle must be a different color from the
innermost circle.
3. The third circle must be a different color from the
second circle.
4. The fourth circle must be a different color from the
third circle.
5. The outermost circle must be a different color from the
fourth circle.
Given that there are three colors and each circle must be a
different color from 1its neighbors, the number of ways to
color the circles 1s the number of permutations of the three
colors. This is calculated as 3! (3 factorial), which is 6.
Therefore, the number of different ways Cynthia can
paint the figure is 6.
The number of different ways Cynthia can paint the
figure is 6.




Motivation

(a) Visual Instruction Tuning
Domain-specific Data: Wild Data: General Data: 7R Data-driven Fine-tuning
Mhebeli = —1|
. T Input
y | v ' escale dataset TP L
Limited Data (10-1000) |z "9 Output
¢ i
Policy Optimization
Tnput e Verifiable Reward
— i
== Prompts = , Reinforcement f(loU) if match | , {1 tf Peate = GT cate
= Reasomng Fine'l'uning 0, otherwise ' 0, otherwise
. LVLMs | :
Limited Data (10-1000) . , . IoU Reward ! ' CLS Reward
Output Completions :

(c) Applications of Visual-RFT

Detection Grounding Classification

Open Vocabulary Detection  Few-shot Detection Reasoning Grounding

Fine-Grained Few-shot CLS

Question:

This is an image containing
a plant. Please identify the
species of the plant based
on the image.

‘. - Question: Output the bounding box in the image corresponding
| . S \\7 - to the instruction: the pokeymon that can perform Thunderbolt.
- w A Ou'rpuf the Thlnkmg process in <think> </think> and your grouding
. __. I » box. Following "<think> Thlnkmg process </think>
- . <answer'>(x1 y1),(x2 y2)x/answer>)" format.
: ) % Reasoning: <think> The instruction is to find the bounding
e, & A

' | i the image, there are several Pokémon, including Pikachu, which is | buds.The petals are often orange or red at the
known for its Thunderbolt move. Pikachu is located in the bottom base, and the flowers are often clustered together.
right corner of the image.</think> ! The leaves are green and have a slightly wavy
<answer>(696,300),(999,999)</answer > | edge.</think><answer>wallflower</answer>

+ Reasoning: <think>The image appears to be

box of the Pokémon that can perform Thunderbolt. | ﬁ, <) of a wallflower, which is characterized by
£ Thunderbolt is a move that can be used by several Pokémon. In | its bright yellow flowers and small, greenish-brown

4] L1u, Ziyu, et al. "Visual-rft: Visual reinforcement fine-tuning." arXiv preprint arXiv:2503.01785 (2025).



Motivation

This is an image
containing a pet.
Please identify the
species of the pet
based on the image

This is an image
containing a flower.
Please identify the
species of the flower
based on the image

I PN

SR ™ a®
<answer?> globe-flower </answer> ¢ Y i <answer> hedgehog </answer?> OQ '
S8 sFT =7
" <think>The dog in the image appears to be a J
<think> The image shows a yellow buttercup s apanese Chin, also known as a Japanese Spaniel.
& flower with a green stem and green leaves in & This breed is known for its small size, fluffy co
Visual  the background. Buttercups are a type of fl Visual gt and distinctive black and white coloration. T
RFT  owering plant in the buttercup family. They RFT he Japanese Chin is a popular pet and is known
are Known for their bright yellow flowers an for its friendly and affectionate nature.
d are commonly found in meadows and grassl </think>
ands. </think> <answer>
<answer>buttercup</answer> OO Japanese Chin (or Japanese Spaniel) . I
st </answer> >

* Reasoning can also improve general visual tasks, e.g., classification

4] L1u, Ziyu, et al. "Visual-rft: Visual reinforcement fine-tuning." arXiv preprint arXiv:2503.01785 (2025).



Motivation

It seems that reasoning is a universal remedy to various visual tasks.
However, does more reasoning always help VLMs accomplish their tasks?

Q: What is the total profit of top three
industries in America? GT Answer: 20.5

Reyes Heslop Consulting Profits Pacific Rim
(£ millions) B American
B European

Leisure Manufacturing  Retall Government Utilities

Full Reasoning

<think> We are given a chart of the profit from Reyes Heslop, and our aim is to calculate total
profit of top three industries in America. Let’s identify the profits of each industry:

1. Leisure: 4.6 (Pacific Rim), 7.4 (American) and 3.5 (European)

2. Manufacturing: 6.3 (Pacific Rim), 7.2 (American) and 4.0 (European)

3. ..

4. Utilities: 6.2 (Pacific Rim), 8.1 (American) and 3.5 (European)

Back to the question, the top three industries are Leisure (7.4), Manufacturing (7.2), and
Utilities (8.1). Let's sum the profit up: 7.4 + 7.2 + 8.1 = 22.7(millions).</think>

<answer>The total profit is 22.7 millions.</answer>

Early Decision

<think> We are given a chart of the profit from Reyes Heslop, and our aim is to calculate total
profit of top three industries in America. Let’s identify the profits of each industry:
1. Leisure: 4.6 (Pacific Rim), 7.4 (American) and 3.5 (European)

<answer>The sum of top three industries in America is 20.5 millions<answer>

* We control the reasoning length by letting VLLMs decide their answers in advance
* This helps us monitor the contribution of different reasoning parts to performance

5] Zhang, Renrui, et al. "Mathverse: Does your multi-modal llm truly see the diagrams in visual math problems?." European Conference on Computer Vision. Cham: Springer Nature Switzerland, 2024.



Motivation

It seems that reasoning is a universal remedy to various visual tasks.
However, does more reasoning always help VLMs accomplish their tasks?

Q: In this given image, how many white cats are
there can you see in total? GT Answer: 4

b w»
‘4.'."'-:; . , .
_ R
‘ , .
. \ \\ / 4
- \ .\ . \ '] r y
A \ LA\ N

Full Reasoning
<think> Okay, we are asked how many cats are there in the photo. Let's have a look.

1. First, there is an adult white cat lying down with distinct blue and yellow eyes.
2. 0On the far left, a kitten lies on its back with tiny paws stretched upwards.

3. There is one cat in the middle-bottom of the photo, with head tilted to the side.
4.To the right, closest to the mother’s head, a kitten is resting with belly showing.
9. On the far right, there is a kitten hidden beneath, with only its black eyes visible.
<answer>The number of cats is 5</answer>

Early Decision

<think> Okay, we are asked how many cats are there in the photo. Let's have a look.
1. First, there is an adult white cat lying down with distinct blue and yellow eyes.

2. 0n the far left, a kitten lies on its back with tiny paws stretched upwards.

Time is up. | should stop thinking and formulate a final answer based on what |

have.</think>
<answer>There are 4 cats in this photo</answer>

* For many problems where VLLMs make mistakes under full reasoning, an early decision

can instead let models reveal the correct answers.
* This leads us to question whether reasoning is truly a constant boost to accuracy.

6] Chen, Lin, et al. "Are we on the right way for evaluating large vision-language models?." Advances in Neural Information Processing Systems 37 (2024): 27056-27087.



Dual Nature of Reasoning

5.62%

52 70 - [ Full Reasoning
Early Decision
50 3 o0
x : - =
21.09%) S s |
S 2.81% 2 o
. | : s
Perception onsistency é 46 2
(57.19%) (12.33%) 2 3
= 30
<nowledge 44 >
0
).39%) 1.56% —&— MathVerse == LogicVista 20
' v 42 —#— HallBench == MMStar
10
31.87% 0% 20% 40% 60% 80% 100% MathVerse LogicVista MMStar  HallBench

Average Reasoning Length (%)

* We first use GPT-4 to determine multiple appropriate positions to terminate reasoning
and let models give their answers in advance (early stopping), and plot accuracy over
varying reasoning length on multiple benchmarks.

* We find that longer reasoning is not always better; instead, there is a peak, after which
the model performance begins to slightly decline with the reasoning progressing.

Question: What is the cause of this negative etfect?



Dual Nature of Reasoning

5.62%
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Average Reasoning Length (%)

* We use GPT-4-mini to categorize the error cases under full reasoning into multiple
types: Perception, Logical, Inconsistency and Knowledge.
* Perception: errors come from the misunderstand regarding the image detalils.
* Logical: the calculation/inference is incorrect, or reasoning does not make sense
* Inconsistency: the contlict between reasoning process and final answer

* Knowledge: the commonsense, or external knowledge of models is wrong
* We also measure the proportion of errors that can be remedied by early decision

(gray colored in the pie chart)




Dual Nature of Reasoning

5.62%
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Average Reasoning Length (%)

* Most errors (37.19%) fall into perception errors, indicating current models, despite
their strong reasoning capability, still exhibit weakness in basic image understanding.

* For this dominant type, VLMSs can actually reveal the correct answers over half of the
cases (31.87%) by early decision, implying that they are not incapable, but prolonged

reasoning may instead compromise its perceptual ability.

* Opverall, almost haltf of the error cases can be corrected by early decision (41.86%)



Dual Nature of Reasoning

5.62%
52 70 - [ Full Reasoning
Early Decision
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31.87% 0% 20% 40% 60% 80% 100% MathVerse LogicVista MMStar  HallBench
Average Reasoning Length (%)

* We also visualize the perception error rate of full reasoning and early decision on these
benchmarks.

We find that in visually dependent benchmarks, e.g., HallBench, perception errors
account for the largest proportion, and shortening the reasoning length can reveal the
correct answers in most cases.

* There is a trade-oft between reasoning capability and perceptual ability.



Dual Nature of Reasoning
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* We hypothesize that visual forgetting is the main causes for the cons of VL reasoning.

* We propose two explorative solutions to verity our hypothesis
* Visual Replay: let VLMs see the original image every few reasoning steps
* Focus Prompt: explicitly instruct VLMs to attend to the input image by prompts

* We visualize the attention of visual tokens for each generation step, and the accuracy
change over the reasoning progress, as well as the intervention position



Dual Nature of Reasoning
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* Each time an image or instruction is inserted, the model’s attention to visual tokens
increases to some extent, while attention continues to decline as reasoning progresses

* Corresponding to attention, each insertion immediately boosts the contribution of
reasoning to the model accuracy, especially in the later stages of reasoning, and directly

providing images is more eftfective than indirectly prompting VLMs to attend to it.

* This verifies our assumptions that the negative end of reasoning comes from forgetting.



Vision-Anchored Policy Optimization

The current reasoning models suffer serious visual forgetting issues. We need to train a
model where the reasoning process should be tied with visual information.

=@

policy

<think>l am asked to identify the color in this photo, let's go
through reasoning step by step:

1. There is only one small yellow car in the middle right.
<anchor>There are two buses facing left in the photo.

s this claim correct? Answer (yes/no): yes </anchor> «/
2. Behind the car, | find a motor, bicycle and two buses.

3. The green bus is right in the back of the car.
<anchor>The golden bike is behind the green motorcycle.

s this claim correct? Answer (yes/no): yes </anchor> X
4. The rear wheel of the green bus presents blue.</think>
<answer>The color is blue</answer>

Accuracy

—_—p  Perception
verify

rollout

Format

Q: What color is the rear
wheel of the bus directly
behind the small car?

. Rpep = 2jWjRj * Race
the small car is yellow
Z]W] =1, W] < Wj_|_1
the gray bus is facing left

ﬁ 00 [
generate insert anchors Ryce = Lt Corr.ect
0 otherwise

there are no green bicycles
GPT-4
a bus in front of the golden bike

visual claims {1 if matched
Rfmt = 0 otherwise



Vision-Anchored Policy Optimization

=@

policy

<think>] am asked to identify the color in this photo, let's go
through reasoning step by step:

. There is only one small yellow car in the middle right.
<anchor>There are two buses facing left in the photo.

s this claim correct? Answer (yes/no): yes </anchor> «/
2. Behind the car, | find a motor, bicycle and two buses.

3. The green bus is right in the back of the car.
<anchor>The golden bike is behind the green motorcycle.

Is this claim correct? Answer (yes/no): yes </anchor> X
4. The rear wheel of the green bus presents blue.</think>
<answer>The color is blue</answer>

Accuracy

—  Perception

rollout verify

Format

Q: What color is the rear
wheel of the bus directly
behind the small car?

| Rpep = 2jWjRj * Race
the small car is yellow
ZJW] — 1, W] < Wj_|_1
the gray bus is facing left

— coe :
generate . Insert anchors R — 1 it Corr.ect
- there are no green bicycles ace 0 otherwise
) a bus in front of the golden bike
visual claims R = 1 if matched
ML |0 otherwise

* VAPO: we evaluate the perception capability of VLMSs every few steps, and reward them
if visual claims can be judged correctly



Vision-Anchored Policy Optimization

=@

policy

<think>] am asked to identify the color in this photo, let's go
through reasoning step by step:

. There is only one small yellow car in the middle right.
<anchor>There are two buses facing left in the photo.

s this claim correct? Answer (yes/no): yes </anchor> «/
2. Behind the car, | find a motor, bicycle and two buses.

3. The green bus is right in the back of the car.
<anchor>The golden bike is behind the green motorcycle.

Is this claim correct? Answer (yes/no): yes </anchor> X
4. The rear wheel of the green bus presents blue.</think>
<answer>The color is blue</answer> \boxed{answer}

Accuracy

—  Perception

rollout verify

Format

Q: What color is the rear
wheel of the bus directly
behind the small car?

| Rpcp = 2jWjRj * Racc
the small car is yellow y —1 <
Wi = S WS Wi

the gray bus is facing left

ﬁ 00 n
generate Insert anchors Ryce = Lt COI‘I‘.eCt
0 otherwise

there are no green bicycles
GPT-4
a bus in front of the golden bike

visual claims {1 1if matched
Rfmt = 0 otherwise

* Intuitively, this is like dropping a visual anchor in the reasoning process to ensure VLMs
are visually grounded during their prolonged rollout.



LogicVista (Chart)

Q: What is the total profit of top three industries in
America? GT Answer: 20.5 DT Answer: 24.8

Reyes Heslop Consulting Profits | Pacific Rim
(£ millions) B American
B European

Leisure Manufacturing  Retail Government Utilities

MMStar (Counting)

Q: In this given image, can you determine the number of

Early Decision

<think> We are given a chart from Reyes Heslop. Let's identify the profits of each industry:
1. Leisure: 4.6 (Pacific Rim), 7.4 (American) and 3.5 (European)

Time is up. | should stop thinking and give an answer based on what | have.</think>
<answer>The sum of the profit is 20.5 millions<answer>

Full Reasoning

<think> We are given a chart from Reyes Heslop. Let's identify the profits of each industry:
1. Leisure: 4.6 (Pacific Rim), 7.4 (American) and 3.5 (European)

2. Manufacturing: 6.3 (Pacific Rim), 7.2 (American) and 4.0 (European)

3. ...

4. Utilities: 6.2 (Pacific Rim), 8.1 (American) and 3.5 (European)

Back to the question, the top three industries are Leisure (7.4), Manufacturing (7.2), and
Utilities (8.1). Let's sum the profit up: 7.4 + 7.2 + 8.1 = 22.7(millions).</think>

<answer>The total profit is 22.7 millions.</answer>

Early Decision

<think> Okay, we are asked how many cats are there in the photo. Let's have a look.
1. First, there Is an adult white cat lying down with distinct blue and yellow eyes.
2. On the far left, a kitten lies on its back with tiny paws stretched upwards.

Time is up. | should stop thinking and give an answer based on what | have.</think>
<answer>There are 4 cats in this photo</answer>

Full Reasoning
<think> Okay, we are asked how many cats are there in the photo. Let's have a look.
1. First, there is an adult white cat lying down with distinct blue and yellow eyes.
2. On the far left, a kitten lies on its back with tiny paws stretched upwards.

3. There is one cat in the middle-bottom of the photo, with head tilted to the side.
4. To the right, closest to the mother's head, a kitten is resting with belly showing.
5. On the far right, there is a kitten hidden beneath, with only its black eyes visible.
<answer>The number of cats is 5</answer>
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Q: What color is the rear
wheel of the bus directly
behind the small car?



the small car is yellow

the gray bus is facing left

there are no green bicycles

a bus in front of the golden bike

input Image proposed claims
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