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Motivation

- The reasoning reliability of MLLMs has not significantly improved, and false positive examples are common.
- For real-world applications of MLLMs—such as photo-based question solving, route planning, and visual
puzzle solving—not only the final result matters, but also the precise reasoning process.

- Reinforcement learning based solely on outcome supervision neglects the importance of process learning.

Problem:

‘ In the diagram, point F is the intersection of the angle bisectors CD and BE of triangle
Vo 0 ABC, and CG is perpendicular to AB at point G. If angle ACG is 32 degrees, what is the
s measure of angle BFC?

i G D
False-positive Rollout:
Step 1: Recognize that CD and BE are angle bisectors, so point F is the incenter of triangle ABC. | Examp] es W]"I ere th e answer is correct bl]t t]"l e
Step 2: Since CG is perpendicular to AB, triangle CGA is a right triangle.

Step 3: In triangle CGA, using the fact that the sum of angles is 180°, calculate angle CAG: : : :
e ansiee v e i i e b e reasoning process is flawed or incoherent.

Step 4: CD is the angle bisector of angle ACB, angle ACD = angle BCD =1/2
angle ACB.

Step 5: We have ;

Step 6: Since angle ACB + angle ACG = 180°, angle ACB = 180° - 58° = 122°.

Step 7: Substitute angle ACB = 122°, angle ACD = 1/2 * 122° = 61°.

Step 8: Substitute angle ACD = 66°, angle BFC = 180° - 61° =119°.

tAnswer: 119 °



Question & Solution on Applying PRM

On what?
Models with good reasoning

diversity.

How to?

Simultaneously focus on Monte
Carlo estimates based on logical
correctness and consistency with

visual-textual information.

When to?
Test-time expansion and online

reinforcement learning.

Stage 1

@ 1.43M Source Data

& Classify
- Answer-only (440K):
The answer is A.
- Analysis (715K):
The image shows a geometric figure with
points labeled A, B, C, D, and E. ...
- Math & Symbilic CoT (275K):
Step 1 (Factorization): ** x2 + 2x - 8 < 0,
X2+ 2x-8=(x+4)(x-2),
Step 2 (Determine inequality):
(x+4)(x—2) <0, 4<x<2,

Step 7 (Determine shaded region):

Range of the shaded region = {x | 1 < x < 2}
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Find the perimeter of A DEF if
ADEF ~ ACBF, perimeter of
A CBF=27, DF=6, and FC=8.

Step 1: From statement ADEF~ ACBF, side DF

correspondes to CF;

Step 2: Perimeter( ADEF)/Perimeter( /A CBF)=4/3; 0

Step 3: Perimeter( ADEF)=4/3*27=36; o

Step 4: Thus, the perimeter of ADEF=36. 0

|‘-a

“ In rhombus ABCD, M, N are respectively
on AB, CD, and AM=CN, MN intersects AC
at point O, connect BO. If ZDAC=28°,
then the degree of ZOBC is ()

Step 1: ABCD is a thombus, the diagonal AC bisects ZDAB. Therefore,

£ CAB=£DAC=28".

Step 2: O is the intersection of BD and AC, so ZAOB=£20DC=90°.

0.64

Step 3: In AAOB, ZABO+Z£AOB+Z£0AB=180°, we have ZABO=180°-

28°-90°=62°. 0.68

Step 4: BO is part of the diagonal BD. The diagonal BD bisects ZABC.
Thus, the angle ZCBO is the same as ZABD. Therefore, ZOBC = 62°.

0.73

'

Rewards , 0.5

' V

1.0 0.0

l

Group Advantage A



Data Curation

Solid
Geometry

Answer-only: Invoke an external model for Chain-of-

Thought (CoT) expansion

Analysis: Rewriting and organization CoT-formatted:
Unified format

CoT-formatted: Unified format for symbolic reasoning
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l, CoT Distillation

Step 1:

The area of the sector is given
by A = (1/2)rl. We are given that
A = 65m cm? and 1 = 13 cm.

Step 2:

We can find the radius r using
the formula: 65m = (1/2)r(13m).
Solving for r, we have r = (65m *
2) / (13m) = 130n / 13m = 1@ cm.
Step 3:

The radius of the sector in the
cone's lateral surface area is
equal to the slant height of the
cone. Therefore, the slant height
of the cone is 10 cm.

tAnswer: B I
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4 Gemini-Flash-002

¢ Rewrite

Step 1:

The sector's central angle is
45", which is equivalent to n/4
radians. The radius AB is 11.0.
Step 2:

Arc length = radius x angle (in
radians). Therefore, arc length
AC = 11.0 * (n/4) = 8.64.

Step 3: The perimeter of the
sector is the sum of the arc
length and twice the radius:
Perimeter = arc length AC + 2 *
radius AB = 8.64 + 2 x 11.0 =
30.64.

tAnswer: D
* Gemini-Flash-002
v
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¢ Format unified

Step 1:

Since 0B is perpendicular to OA,
we have <BOA = 90 °.

Step 2:

Given that <AOC = 20°, it
follows that <BOC = 90 ° - <AOC =
70° .

Step 3:

Using the property of
supplementary angles, <BOD =
180 ° - <BOC = 110 ° .

fAnswer: 110

v
9

Verify

Figure 3: CoT augmentation and verifying for multimodal
mathematical data from three type of sources using Gemini-

1.5-Flash-002.
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Data Curation - Outcome

High-quality reasoning data directly optimizes reasoning diversity.

A high Pass@N metric ensures the value introduced by process-supervised models.
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Process Labeling Data Scaling

* Monte Carlo estimation provides a relative advantage in guiding steps toward the correct path.

« Hallucination injection offers an absolute advantage in aligning visual and textual information within multimodal

scenarios.

Bmary Eaon Locatlng Englne. £ Find the perimeter of ADEF if
(lmage) (Ques'tlon) A ADEF ~ ACBF, perimeter of
‘ A CBF=27, DF=6, and FC=8.
2 B
(URSA-8B )+(Step 1)->(Step 2)>(Step 3)+(Step 4) € 3
‘ Judge Step (1+4)//2=2 - Information Extraction
@ 13 - Mistake Insertion @
- (SepN) @ MC-03  Merg Rezeening
- GeN O .4
‘ ]udge Step (2+4)//2=3 Step 1: From statement /ADEF-~ ACBF, side DF
des to CF;
o correspon : ; ;
Step 2: Perlmeter(ADEF)/Penmeter(ACBF)=4/3; 0
Q MC-o Step 3: Perimeter( ADEF)=4/3*27=36; 0

i @ Q Step 4: Thus, the perimeter of ADEF=36. 0
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PRM-integrated Online RL

Two augmented baselines:
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GRPO with process rewards

N
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GRPO with outcome rewards

Rewarding length bias
Reward hacking
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Short CoT Pattern

In 2000, just half of voters said it ‘really
mattered’ who won the presidency; this
year, 83% express this view

The model tends to learn “perception, describe and short

Question:
1 ?? °n k° ‘ e As shown in the figure: ZAOB : ZBOC : ZCOD =2:3 : 4, ray
reasonlng thl lng p attern. / —— OM and ON bisect ZAOB and 2COD respectively, and ZMON

=84°, then ZAOB is ().

2000 2004 2008 2012 2016 2020

A c
D Question:
As shown in the figure: ZAOB : ZBOC : ZCOD =2 : 3 : 4, ray e
5 i OM and ON bisect ZAOB and £COD respectively, and ZMON
4 = 84°, then ZAOB is (). Solution:

0 Step 1: The dark brown line represents voters who think it really matters, showing an increasing
Soltition: trend from 50% in 2000 to 83% in 2020. The light brown line represents voters who think things
Step 1: Look at the diagram and note the angles ZAOB, 2BOC, and 2COD are in the ratio 2:3:4. will be much the same, showing a decreasing trend from 44% in 2000 to 16% in 2020.

; , : z : Step 2: We need to know the least value of the light brown graph to the leftmost value of the dark
Step 2: Recogmz; OM and ON b1s§:ct £AOB and ACQD, creating smalle'r angles. : brown praph.
Step 3: Use the given £MON = 84° to set up an equatlon based on the ratios and angle bisectors. Step 3: The ratio of the least value of the light brown 4.»'1'(‘:’;':\5'1 and the leftmost value of the dark

Step 4: Solve the equation ZAOB=2/(2+3 ) * 84 18.66°. o

brown graph is 16

Answer: ZAOB is 18.66°. tAnswer: 16:67.



Process-to-outcome Rewarding

* Traditional process reward design can lead to reward hacking or reward

length bias, inducing "passive" reasoning.

* The "Drop-moment" of process rewards is transformed into outcome reward

penalties that outperform naive GRPO.
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In thombus ABCD, M, N are respectively

on AB, CD, and AM=CN, MN intersects AC
N at point O, connect BO. If ZDAC=28°,

1 D then the degree of ZOBC is ()

' ‘

Step 1: ABCD is a rhombus, the diagona] AC bisects ZDAB. Therefore,
£LCAB=£4DAC=28°.

Step 2: O is the intersection of BD and AC, so ZAOB=£20DC=90°.
0.64

Step 3: In AAOB, ZABO+£AOB+£0AB=180°, we have ZABO=180°-
28°-90°=62°. 0.68

Step 4: BO is part of the diagonal BD. The diagonal BD bisects ZABC.
Thus, the angle ZCBO is the same as ZABD. Therefore, ZOBC = 62°.

073
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Q-value Ranking Approximation

Theoretical Background In a multi-step reasoning Markov Decision Process, the optimal Q-
function, Q*(s;, a;), is the expected probability of reaching the correct final answer after action a;.
The scalar reward r; from our URSA-8B-RM at each step serves as an empirical estimate, ()4, of
this true Q-value.

Theoretical Optimal Objective Approximating the ideal Q-value Ordering, under an optimal
reasoning policy 7*, the Q-values along a reasoning path should satisfy a strict monotonic ordering:
L|W| e 8. KV (2) < s Qe Q;m, where ¢; and w; denote the i-th correct step
and the j-th incorrect step, respectively. In our drop-moment definition, ¢|c is adjacent to w1, which
is consistent. The ideal training objective for a Process Reward Model (PRM) is to learn a Q-estimator
Qest that strictly follows this ordering across all reasoning paths. For a successful reasoning path
T (e.g., o(T) = 1), this implies that the sequence of Q.s; outputs {rp 1,7p2,...,7p r} should be
monotonically increasing with no decreases, as a successful path should not contain any error.

Thus, the theoretically optimal generation objective is:
Jideal (0) e ]E’r~7r9 [O(T)] =X Q(G(T))
where:

* E.r,[o(7)] is the standard final result accuracy.

* Q(G(7)) is a non-decreasing regularization term measuring the violation of the ideal Q-value
ordering. A is its strength.

* G(1) = 7¢,(T) — T, (7) is a direct measure of the violation of the theoretical gap. The
larger G(7), the greater the drop from high (correct) to low (incorrect) rewards at some point
in the path, which severely violates the ideal ordering. Minimizing G(7) is equivalent to
aligning the model’s generation process with the Q-value dynamics of the optimal reasoning
path.

PS-GRPO is a proxy
implementation of Q-Value
Ranking Rule

PS-GRPO as a Proxy Implementation PS-GRPO introduces a computable, differentiable proxy
for Q(G(7)) into its reward function:

R(r) =o(r) - (1 — v - 1(6p(7) = p))
This function approximates the ideal objective J;geq:(6):

o The o(7) term directly corresponds to the first term in J;4eq1, maximizing final accuracy.
* The penalty term approximates the regularizer:
— 0p(7) is a computationally tractable and strongly correlated proxy for G(7). A large 6,
indicates a large G.
— The indicator function I(d,(7) > p) converts the continuous d, into a binary signal,
resolving non-differentiability and ensuring compatibility with GRPO.
— The hyperparameter p acts as the violation threshold for 2(G(7)) and is determined by
the behavior of Qes:.

Therefore, the PS-GRPO reward function R(7) serves as a practical proxy for Jideai:
Jps—crro(0) = Jidea(0). The final step is to empirically determine p for a given PRM.



Empirical Results

* URSA-8B-PS-GRPO outperforms GPT-40 on six reasoning benchmarks with a 7B model

* PS-GRPO surpasses vanilla GRPO

Size Av: MathVerse MathVision MathVista WE-MATH DYNAMATH GeoQA
g testmini full set gps testmini testmini full set
Closed-Source MLLMs
GPT-4o [59] - 55.5 50.2 30.4 64.7 62.8 64.9 62.1
GPT-40-mini [59] - 49.2 42.3 22.8 59.9 56.3 535 60.1
Gemini-1.5-pro [60] - 53.2 353 19.2 81.7 66.9 60.5 555
Open-Source General MLLMs
InternVL-Chat-V1.5 [61] 26B 33.6 26.1 15.4 56.9 32.7 36.7 335
Llama-3.2-11B-Vision-Instruct [62] 11B  28.0 28.9 16.9 40.9 12.0 322 36.9
Qwen2-VL [63] 8B 40.2 336 19.2 51.0 43.0 42.1 522
InternVL2-8B [64] 8B 41.8 37.0 18.4 571 449 39.7 52.8
InternVL2-8B-MPO [65] 8B 45.1 38.2 223 69.2 444 40.5 359
InternVL2.5-8B [66] 8B 452 39.5 19.7 64.9 447 40.5 61.6
LLaVA-OneVision [35] 8B  40.9 28.9 183 71.6 449 37.5 439
Points-Qwen2.5-Instruct [67] 8B 498 41.1 23.9 76.0 51.0 42.8 63.8
Gemma3-12B [68] 12B  49.8 40.1 29.1 63.6 L) 45.8 67.7
Open-Source Reasoning MLLMs

Math-LLaVA [15] 13B 352 229 15.7 577 313 35.5 48.1
MathPUMA-Qwen2-7B [11] 8B  39.6 33.6 14.0 48.1 41.0 373 63.6
MultiMath [23] 7B 43.1 271 16.3 66.8 422 37.9 67.7
MAVIS [19] 7B 444 352 18.5 64.1 443 36.2 68.3
InfiMM-Math [14] 7B 48.6 40.5 18.8 713 483 38.2 68.3
AtomThink-EMOVA [12] 8B 495 42.5 249 75.9 49.3 40.9 63.8
MathGLM-Vision [9] 9B 47.6 442 19.2 64.2 452 422 70.4
LlamaV-ol [69] 11B 384 33.9 17.9 533 42.6 34.7 43.1
OpenVLThinker [70] 7B - 479 25.3 76.4 - - -

R1-Onevision [71] 7B - 47.4 26.9 72.4 514 - -

URSA-8B 8B 547 45.7 28.7 81.7 53.6 44.7 135
URSA-8B-PS-GRPO 8B 582 50.9 31.5 83.2 60.7 47.4 75.6

Percentage Increase over URSA-8B (%)

Vanilla GRPO =
14 - PS-GRPO
121 1.4
10 - 9.8
8.5
81 74
6.8
6.0
6 -
49
4 .
3.1 29
2.2
5 1.8
0.9
0 0.0
Avg MathVerse MathVision MathVista WE-MATH DYNAMATH GeoQA
testmini full set 2ps testmini testmini full set




Accuracy (%)

Leaderboard Comparison

* With nearly 1.9M training data points, it outperforms InternVL3-9B among models of comparable size on the

OpenCompass public reasoning benchmark.

It also surpasses larger models such as GPT-40, Kimi-VL-16B-A3-MOE, and InternVL2.5-38B on MathVision.
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Open-sourcing Contribution

e As visual stem RL data for Seed-1.5VL, this paragraph is cited separately.

4.3.1 Visual STEM

STEM (science, technology, engineering, and mathematics) questions usually have unique and verifiable
answers, which are suitable for RLVR. We collect over one million problems with images in STEM fields,
mostly on mathematics, from both open-sourced resourceg [85] ])nd internal K-12 education collections.

To prepare the training data, multiple-choice questions were initially transformed into an open-ended format by
removing the choices, thus forcing the model to generate the correct answer’s content and preventing random
guessing. Subsequently, difficult questions were selected via rejection sampling based on the performance
of the SFT model. We carefully remove questions that can be answered by text only or text and captions,
ensuring shortcuts on text or superficial visual elements will not be reinforced in RL. Specifically, 16 responses
were generated per question, and questions achieving either 0% or greater than 75% accuracy with the SFT
model were discarded. This filtering isolates challenging prompts (0% < accuracy < 75%) appropriate for
RLVR exploration while removing potentially erroneous or trivial questions. Lastly, a preamble instruction
was prepended to prompts, instructing the model to format the final answer using designated LaTeX identifiers
(e.g., \boxed{answer}) to enable straightforward automated extraction.

Our STEM verifier transforms the predicted answers into a sympy expression and matches it with ground
truths. To ensure the accuracy of our verifier, we also remove prompts that contain multiple questions or
whose ground truths are complex phrases.

[85] Ruilin Luo, Zhuofan Zheng, Yifan Wang, Yiyao Yu, Xinzhe Ni, Zicheng Lin, Jin Zeng, and Yujiu Yang.
Ursa: Understanding and verifying chain-of-thought reasoning in multimodal mathematics. arXiv preprint
arXiv:2501.04686, 2025.
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