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Abstract

Multimodal Large Language Models (MLLMs)
demonstrate remarkable capabilities but often
struggle with complex, multi-step mathemat-
ical reasoning, where minor errors in visual
perception or logical deduction can lead to com-
plete failure. While Process Reward Models
(PRMs) offer step-by-step supervision, exist-
ing multimodal PRMs are limited to being bi-
nary verifiers that can identify but not correct
errors, offering little explanatory power. To ad-
dress these deficiencies, we introduce the Gen-
erative Multimodal Process Reward Model
(GM-PRM), a novel paradigm that transforms
the PRM from a passive judge into an active rea-
soning collaborator. Instead of a simple scalar
score, GM-PRM provides a fine-grained, inter-
pretable analysis of each reasoning step, evalu-
ating its step intent, visual alignment, and log-
ical soundness. More critically, GM-PRM is
trained to generate a corrected version of the
first erroneous step it identifies. This unique
corrective capability enables our new test-time
inference strategy, Refined Best-of-N (Refined-
BoN). This framework actively enhances solu-
tion quality by using the PRM’s generated cor-
rection to guide the policy model toward a more
promising reasoning trajectory, thereby improv-
ing the diversity and correctness of the solution
pool. We demonstrate that GM-PRM achieves
state-of-the-art results on multiple multimodal
math benchmarks, significantly boosting pol-
icy model performance with remarkable data
efficiency, requiring only a 20K-sample train-
ing dataset. Our code will be released upon
acceptance.

1 Introduction

The advent of Multimodal Large Language Mod-
els (MLLMs) has marked a significant milestone
in artificial intelligence, demonstrating remarkable
capabilities in integrating and understanding vi-
sual and textual information (Caffagni et al., 2024;
Yan et al., 2024c; Yan and Lee, 2024; Huo et al.,
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Figure 1: Comparison among ORM (a), PRM (b), and
our proposed GM-PRM (c) for multimodal math rea-
soning.

2024; Zheng et al., 2024b). While these models
excel at general-purpose tasks such as image cap-
tioning and visual question answering, they often
falter when confronted with complex, multi-step
reasoning challenges, particularly within special-
ized domains like mathematics (Wang et al., 2024;
Yan et al., 2024a, 2025a; Ahn et al., 2024). Solv-
ing multimodal mathematical problems requires
not only accurate perception of visual elements
(e.g., geometric figures, function graphs) but also
a rigorous, step-by-step logical deduction process
(Shi et al., 2024; Zhuang et al., 2025; Yan et al.,
2025b). Minor errors in either image interpreta-
tion or logical inference can cascade, leading to
entirely incorrect final answers.

To mitigate these reasoning deficiencies, Pro-
cess Reward Models (PRMs) have emerged as a
promising paradigm (Gao et al., 2024; Zhong et al.,
2025). Unlike outcome-based models that only re-
ward correct final answers (shown in Figure 1 (a)),



PRMs provide fine-grained supervision by evalu-
ating the correctness of each intermediate step in
a reasoning chain (Zheng et al., 2024a; Lambert
et al., 2024; Yan et al., 2024b), as shown in Figure
1 (b). This approach has proven effective in the lan-
guage domain (Zeng et al., 2025; Yuan et al., 2024;
Zhang et al., 2025a). However, extending PRMs to
the multimodal context presents unique challenges
(Miao et al., 2025; Du et al., 2025; Li et al., 2025b;
Cao et al., 2025). Existing multimodal PRMs often
function as binary classifiers, assigning a simple
correct/incorrect label to each step, which offers
limited explanatory power. Furthermore, they typi-
cally possess the ability to identify errors but lack
the mechanism to correct them, leaving the reason-
ing process fundamentally broken. This limitation
constrains their utility, especially within mecha-
nisms like Best-of-N (BoN) sampling, which re-
main passive selection processes over a static set
of potentially flawed solutions.

In this work, we introduce a novel Generative
Multimodal Process Reward Model (GM-
PRM) to address these limitations, as illustrated
in Figure 1 (¢). Our model transcends the role of
a simple verifier and acts as an active reasoning
collaborator. Instead of merely outputting a scalar
score, our GM-PRM leverages its generative capa-
bilities to produce a detailed, interpretable analysis
for each reasoning step. This analysis deconstructs
the step into three critical aspects: its fundamental
step intent, the correctness of its image alignment,
and the soundness of its reasoning logic. More im-
portantly, our model is trained not only to identify
errors but also to generate a refined, corrected
version of the first incorrect step it encounters.

This unique corrective capability enables us to
propose a new test-time inference strategy: the Re-
fined Best-of-N (Refined-BoN) process. This dy-
namic framework moves beyond passive selection
by actively enhancing the quality of candidate solu-
tions. When our GM-PRM identifies a flawed step
within a generated solution, it intervenes by provid-
ing a corrected step, which is then used to guide
the policy model in generating a new, more promis-
ing reasoning trajectory. This iterative refinement
process significantly improves the diversity and cor-
rectness of the solution pool, leading to a substan-
tial boost in the policy model’s problem-solving
performance. Furthermore, we demonstrate that
this powerful capability can be achieved with re-
markable data efficiency, requiring a significantly
smaller training dataset than previous approaches.

Our primary contributions are as follows:

* We develop a generative multimodal PRM that
provides fine-grained, interpretable feed-
back for mathematical reasoning. It ana-
lyzes each step’s purpose, image alignment,
and logical validity, moving beyond simple bi-
nary classification to offer deeper insight into
the model’s thought process.

* We introduce a novel Refined-BoN framework
that leverages the PRM’s generative power
to actively correct errors at test time. It en-
hances the policy model’s ability to find cor-
rect solutions by iteratively improving flawed
reasoning paths.

* We demonstrate the effectiveness and data
efficiency of GM-PRM, achieving state-of-
the-art results on multiple multimodal math
benchmarks. Our approach requires only a
20K sample dataset, highlighting the quality
of data curation and the power of generative
supervision strategy.

2 Related Work
2.1 Process Reward Models (PRMs)

PRMs have been proposed to evaluate the fine-
grained step level for model reasoning. During
the implementation process, annotating and obtain-
ing a high-quality training dataset incurs a high
cost. PRM8O0OK (Lightman et al., 2023) is the first
process supervision dataset completely annotated
by humans. To mitigate annotation costs, Math-
Shepherd (Wang et al., 2023) proposes Monte
Carlo (MC) estimation, while OmegaPRM (Luo
et al., 2024) leverages Monte Carlo Tree Search
(MCTS) to automatically evaluate each reason-
ing step, both utilizing the generation capabili-
ties of Large Language Models (LLMs). Sub-
sequent research has enhanced the effectiveness
of PRMs through various methods, including Ver-
saPRM (Zeng et al., 2025), Implicit PRM (Yuan
et al., 2024), OpenPRM (Zhang et al., 2025a),
PQM (Li and Li, 2024), PAV (Setlur et al., 2024),
and others. Furthermore, GenRM (Zhao et al.,
2025), ThinkPRM (Khalifa et al., 2025) and R-
PRM (She et al., 2025) extend the method of us-
ing model generation analysis to evaluate steps
to PRMs. Recently, DeepSeek-GRM (Liu et al.,
2025) analyzes responses from multiple perspec-
tives and directly generates and aggregates the



scores to achieve the estimation of the entire reason-
ing process. There are also many studies on bench-
marks of PRMs such as ProcessBench (Zheng
et al., 2024a), PRMBench (Song et al., 2025), and
Socratic-PRMBench (Li et al., 2025a).

2.2 Multimodal PRMs

After achieving certain results and progress in the
research of language modality in PRMs, research
on PRMs has also begun to shift towards multi-
modal tasks. M-STAR (Liu et al., 2024a) pro-
poses and implements multimodal PRM on mul-
timodal problems. URSA (Luo et al., 2025) con-
structs a dataset by inserting errors and utilizes it to
train a multimodal PRM. VisualPRM (Wang et al.,
2025b) not only uses MC estimation to construct a
multimodal VisualPRM400K training dataset, but
also proposes a benchmark for multimodal PRMs
called VisualProcessBench, which is entirely anno-
tated by humans. Moreover, Athena-PRM (Wang
et al., 2025a), PRM-BAS (Hu et al., 2025), MM-
PRM (Du et al., 2025) and DreamPRM (Cao et al.,
2025) also improve the capability of multimodal
PRMs. Although several studies have explored
multimodal PRMs, applying them to multimodal
tasks effectively remains certain challenges, such
as insufficient interpretability of the labels assigned
to each reasoning step and the inability to correct
identified erroneous steps. In our work, we intro-
duce a generative multimodal PRM, GM-PRM to
solve the above problems.

3 Methodology

In this section, we first describe how to utilize
PRMs and generative PRMs combined with the
BoN method to improve the performance of policy
models for mathematical problems in Section 3.1.
Then, we introduce our process to implement multi-
modal generative PRM, including data construction
and model training in Section 3.2. Finally, we pro-
pose a novel Refined-BoN framework for PRMs to
enhance its performance beyond traditional BoN
method in Section 3.3.

3.1 PRMs for Mathematical Problem

In this section, we present the implementation
methods of PRM and GM-PRM, and provide
formal and detailed explanations of their usage
through mathematical notation.

3.1.1 Problem and Reasoning Steps
Generation

Let @ denote a mathematical problem. Firstly, an
LLM 7 is involved in solving the mathematical
problem (. To facilitate reasoning, the problem
is combined with a prompt P, which includes spe-
cific instructions guiding the generation of a step-
by-step reasoning process and a final answer. This
composite input is then fed into the LLM. When
generating a response, 7 generates a sequence of
reasoning steps, denoted as R = {r1,72,...,7r7},
where T represents the total number of reason-
ing steps to the given mathematical problem. The
above process can be explained as follows:

R==(Q| P), (1

where || denotes the concatenation of the problem
@ and the prompt P, and 7(+) represents the infer-
ence process of LLM.

3.1.2 PRM

A single instance in a training dataset D to train a
PRM comprises three components: (1) a problem
statement, (2) a generated response consisting of
multiple inference steps, and (3) a corresponding
set of binary labels, each taking a value of either 0
or 1, indicating whether the associated reasoning
step is incorrect or correct, respectively.

During training, the PRM is optimized using
cross-entropy loss and supervised to align its pre-
dictions with the ground-truth labels. After being
trained, the PRM model is capable of processing
new reasoning steps generated by the LLM in re-
sponse to a given mathematical problem, which
means that the PRM is able to assign a scalar score
to each individual reasoning step, reflecting the
model’s confidence in the correctness of each step:

fPRM : (Q,R) — (81,82,...,8T), 2)
where fprym : () represents the inference of PRM,
s; € [0,1] denotes the confidence score assigned
to the i-th reasoning step r;, and T' denotes the
number of reasoning steps.

For generative PRM, the binary labels in the
training dataset are replaced with textual analyses
and judgments, each formulated as a textual choice
such as “incorrect” or “correct”. During inference,
generative PRM also generates textual critiques
and judgments for each step.



Question (Visual Part)
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Original Solution

vertically) to each coordinate of the vertices.

Step 2: Let's analyze the coordinates of vertex A before
x the translations: Vertex A is at the origin, so its initial
coordinates are (0, 0).

GM-PRM: Analysis & Judgement

Step intent analysis: This step identifies the initial
coordinates of vertex A before any translation occurs.
Image alignment analysis: The image shows vertex A located
at the point (3, 4), not (0, 0).

Reasoning logic analysis: ...

Question (Textual Part)

[ | As shown in the diagram, triangle ABC is first translated 4 units to the right
y { and then 3 units upward. The position of vertex A after the translation,

| 171 represented as a coordinate pair, is ().

I | A. (5,4); B. (8, 5); C. (7, 7); D. No correct answer

Step 1: To solve this problem, we need to understand the concept of translation in geometry. Translation means moving a
figure without rotating or changing its size. It involves adding a fixed amount (in this case, 4 units horizontally and 3 units

Refined Solution

Step 2: Step 2: Let's analyze the coordinates of
vertex A before the translations: Vertex A is initially
at the point (3, 4) according to the image.

Step 3: Apply the first translation (4 units to the
right):\n- To translate a point (x, y) 4 units to the
right, we add 4 to the x-coordinate. Therefore, (3, 4)
becomes (3 +4,4) = (7, 4).

Step 6: Final answer: C

Figure 2: The illustration of a representative example before and after applying GM-PRM. In particular, GM-PRM
first judges the steps of the original solution generated by the policy model. Subsequently, GM-PRM finds that the
second step is incorrect and refines the second step to generate the correct version. The correct steps are input to the
policy model to generate the refined solution, and finally the correct answer is obtained.

3.1.3 GM-PRM

By extending generative PRMs from the textual
modality to a multimodal setting, we introduce
GM-PRM. In this setting, mathematical problems
are represented using both textual and visual infor-
mation. The input to the policy model comprises
the image of the problem, its textual description
and task-specific instructions, which are processed
jointly to generate reasoning steps. Similarly, dur-
ing both training and inference, it is essential to
provide GM-PRM with inputs from both visual
and textual modalities, enabling it to perform cross-
modal analysis when assigning correctness labels
to each reasoning step:

Jomprwm ¢ (Q, I, R) — (c1,71, - -

where fom.prm @ () represents the inference of
GM-PRM, I denotes the image of the mathemati-
cal problem, c; denotes the critique of the i-th rea-
soning step 7;, and j; denotes the textual judgment
assigned to the i-th reasoning step 7;.

. 7CT7jT)7 (3)

3.2 Data Construction

In this section, we present our methodology em-
ployed to construct the training data for GM-PRM.
The process consists of three key stages: (1) the se-
lection of appropriate types and quantities of ques-
tion data from the VisualPRM400K dataset (Wang
et al., 2025b); (2) the generation of textual analy-
sis and judgment data using GPT-40; and (3) the
filtering process of the generated data through MC
estimation and LLM-as-a-judge techniques to en-
sure quality and reliability.

3.2.1 Data Selection

VisualPRM400K is a large-scale dataset contain-
ing approximately 400,000 multimodal process su-
pervision samples. In our work, we select plane
geometry- and function-related problems from Vi-
sualPRM400K to construct a specialized subset and
supplement it with corresponding textual analysis
for training GM-PRM. This targeted subset with
textual critiques supports the effective training of
GM-PRM, yielding strong performance on geo-
metric and function-based mathematical reasoning
tasks.

3.2.2 Generation of Analysis and Judgment

To obtain textual analyses and judgments, we em-
ploy GPT-4o to critique each reasoning step from
4 key aspects: step intent, image alignment, rea-
soning logic, and step refinement.

The aspect of step intent indicates identifying
the purpose of each reasoning step. This initial
analysis establishes a foundation that allows GM-
PRM to interpret and evaluate each reasoning step
in context more effectively. Furthermore, this level
of understanding facilitates subsequent error detec-
tion and correction tasks, thereby enhancing the
overall effectiveness of GM-PRM.

The second aspect is image alignment. When
MLLMs are used for inference in solving multi-
modal problems, MLLMs often make errors in im-
age alignment, such as misidentifying parallel re-
lationships or incorrectly annotating angles, which
leads to flawed solutions. To address this, we em-
ploy GPT-40 to produce textual analysis and judg-



ments in image alignment for inference steps, to
form the dataset for training GM-PRM.

Reasoning logic is an indispensable presence
in the step-by-step problem-solving process of
MLLMs. However, the occurrences of logical in-
consistencies and errors, such as miscalculations
and incorrect inferences significantly impact the
correctness of the reasoning steps and the final an-
swers. Therefore, it is crucial for GM-PRM to
be capable of identifying such logical flaws and
making accurate judgments regarding the validity
of the reasoning logic for each step. In our work,
we employ GPT-40 to generate textual analysis
and judgments of each step in reasoning logic to
form the training dataset. The above process can
be formulated as follows:

F:(Q,I,R| P)~ {SL,IA;,RL;, FJ;}\_,,
4
where F : (-) represents the inference of GPT-
4o, SI; denotes the textual analysis of step in-
tent for the ¢-th reasoning step, ¢ denotes the
number of the first incorrect step or the last step,
1 <t<T,IA = {IAC;,1AJ;} is the anal-
ysis which contains critique I AC; and judgment
I AJ; in image alignment of the ¢-th reasoning step,
RL; = {RLC;, RLJ;} denotes the analysis which
contains critique RLC; and judgment RL.J; in im-
age alignment of the i-th reasoning step, F'J; de-
notes the final judgment of the ¢-th reasoning step.
Building on aforementioned three aspects, we
further aim for GM-PRM to correct the first iden-
tified erroneous step. The above information en-
ables GM-PRM to generate corrected reasoning
steps that are logically coherent, visually accurate,
and semantically aligned with the original step in-
tent. The resulting corrected steps can then be used
to construct more diverse and accurate inference
solutions and ultimately produce more reliable fi-
nal answers. In our work, we employ GPT-40 to
generate a corrected version of the first identified
error step in a reasoning process if the first error
step is detected to exist by GPT-40:

RS,

FH@QLE|P) = {@, otherwise.

&)
where RS denotes refined step of the first error step
in a reasoning process.

In summary, we design a structured prompt for
GPT-4o to generate comprehensive analysis data

across four dimensions based on the provided prob-

if incorrect step exists,

lems, associated images, and step-by-step solu-
tions:

where D denotes the generated training dataset:

D= {({szk7 IAf? RL?? FJzk g:l? RSk)}Ezla
(N
where k € {1,2,..., K} represents the k-th sam-
ple in the dataset, and K denotes the number of the
training instances.

3.2.3 Data Filtering

The process of constructing training data using
GPT-40 can be regarded as an implementation of
LLM-as-a-judge methodology. Inspired by the
combination of LLM-as-a-judge and MC estima-
tion techniques (Zhang et al., 2025b), we employ
the MC estimation technique proposed by Math-
Shepherd (Wang et al., 2023) to effectively filter
and curate the generated data.

Monte Carlo estimation is a strategy for auto-
mated annotation that leverages LLMs or MLLMs
to generate multiple subsequent solutions for each
step. When applying MC estimation to evaluate a
step 73, we use an LLM or an MLLM as a ‘com-
pleter’ to finalize multiple subsequent reasoning
processes from this step:

fcomleter = {(,rg_i,_la o v"JL.vaj)}mzla (8)
J J

where o/ is the final answer of the j-th finalized
solution and L; is the total number of steps.

Within MC estimation, one type of evaluation
method is commonly applied: hard estimation. In
hard estimation, a step r; is deemed correct if at
least one subsequent solution reaches the correct
final answer a*; otherwise, it is incorrect:

1HE — 5
% 07

In our data construction process, we employ hard
estimation to label the correctness of individual
reasoning steps. By integrating LLM-as-a-judge
technique and MC estimation, we compare the la-
bels acquired by MC estimation and judgments
generated by GPT-40. Data samples that receive
consistent evaluations from both methods are se-
lected as our final training dataset. By integrating
these two methods, we aim to further enhance the
reliability and quality of the training data, ensuring
better performance of GM-PRM.

da;,a; = a*,
7] (9)

otherwise.



3.3 Refined-BoN Process

When applying Test-time Scaling (TTS) for LLMs
and MLLMs, a widely adopted method is Best-of-
N (BoN) approach. In the BoN process, a policy
model is employed to generate N candidate solu-
tions, which are then evaluated by reward models
or self-consistency to select the optimal solution.
However, during the BoN process, policy mod-
els are under identical prompting conditions when
generating multiple solutions, which leads to the
problem that the solutions often lack diversity and
may exhibit limited correctness. In our work, we
propose a novel Refined-BoN framework utilizing
TTS techniques to enhance the diversity and accu-
racy of generated solutions, thereby improving the
reasoning capabilities of policy models.

3.3.1 Refined-BoN Method

As shown in Figure 2, in Refined-BoN process, we
first employ an MLLM as the policy model to gen-
erate N /2 initial solutions to a multimodal problem,
and then these solutions are evaluated step-by-step
by GM-PRM. For the subsequent /N/2 solutions,
the policy model generates them under varying con-
ditions, informed by the evaluation of the preceding
N /2 solutions: If GM-PRM identifies an incorrect
reasoning step within a solution, it stops evaluating
and refines the first erroneous step by generating a
corrected version. This corrected step, along with
all previously validated correct steps, is then input
back into the policy model to continue the solution
generation process. Conversely, if GM-PRM de-
termines that all steps in a particular solution are
correct, we employ the policy model to generate a
new solution using the same prompt. Through this
regeneration mechanism, we obtain the additional
N/2 solutions. Then, we employ GM-PRM to
evaluate the subsequent N/2 solutions.

3.3.2 Solution Selection

After applying the Refined-BoN process, we obtain
N solutions for each problem, each accompanied
by step-level correctness judgments. Moreover, we
divide all the solutions into two categories: one
where GM-PRM judges that it contains incorrect
steps, and the other where GM-PRM judges that
all its steps are correct. Furthermore, we take the
corresponding probability of GM-PRM generating
the associated “Correct” and “Incorrect” tokens as
the score of each step.

Among the N generated solutions, if there exist
solutions in which all reasoning steps are judged

correct, we calculate the average of the scores of all
steps in these solutions as the overall score of the
solution, and select the solution with the highest
average score as the optimal solution.

For N solutions to the problem, if GM-PRM
determines that all NV solutions contain incorrect
steps, we calculate the average score of all steps
in each solution as the overall score of the solu-
tion, and select the solution with the highest overall
score as the final answer.

4 Experiments

In this section, we introduce our experimental setup
to assess GM-PRM under the Refined-BoN pro-
cess on five multimodal mathematical benchmarks
in Section 4.1. In addition, we present the results
of our experiments and three conclusions analyzed
from the results in Section 4.2. Finally, we show
the ablation studies in Section 4.3.

4.1 Experimental Setup

4.1.1 Benchmarks

We evaluate GM-PRM across five datasets, includ-
ing MathVista (Lu et al., 2023), MathVision (Wang
et al., 2024), MathVerse (Zhang et al., 2024), Dy-
naMath (Zou et al., 2024) and WeMath (Qiao et al.,
2024). The datasets contain diverse problem types,
such as plane geometry, functions, puzzle tests, efc.
We use Vision-Only subset of MathVerse dataset
and Plane-Geometry subset of DynaMath.

4.1.2 Settings

We employ GM-PRM as the critic model for
Refined-BoN evaluation and set N to 8 by de-
fault.We select six models as the policy models to
generate step-by-step reasoning processes. When
reasoning, we set the temperature of the policy
models to 0.7 and top-p to 0.9. For comparison,
we use the average accuracy of N sets of answers
generated by policy models as baselines.

4.1.3 Training Details

To train GM-PRM, we use Qwen2.5-VL-7B-
Instruct as our base model and perform supervised
fine-tuning (SFT) with all parameters trainable but
the frozen Vision Transformer (ViT) encoder. Dur-
ing the training process, we utilize bfloat16 mixed-
precision and DeepSpeed with zero3 technology
and set the training consists of 2 epochs. For batch
size, the batch size on each training device is set to
2, and through gradient accumulation, the effective
batch size is extended to 16. Moreover, we use two



MLLMs

| MathVista | MathVision | MathVerse | DynaMath | WeMath | Average

MiniCPM-V2.6-8B 443 16.0 18.9 22.6 38.6 28.1
+ GM-PRM (Ours) 51.0 18.1 24.4 25.7 51.0 34.0
Improvements +6.7 +2.1 +5.5 +3.1 +12.4 +5.9
Llama-3.2-11B-Vision 44.5 14.3 16.5 28.4 46.1 30.0
+ GM-PRM (Ours) 49.5 18.2 18.8 32.7 53.4 34.5
Improvements +5.0 +3.9 +2.3 +4.3 +7.3 +4.5
Qwen2.5-VL-7B 63.2 25.1 32.8 35.0 60.6 433
+ GM-PRM (Ours) 65.0 28.2 37.4 39.2 69.0 47.8
Improvements +1.8 +3.1 +4.6 +4.2 +8.4 +4.5
InternVL3-8B 50.6 20.3 25.0 27.0 50.9 34.8

+ GM-PRM (Ours) 55.7 22.2 31.7 334 59.2 404
Improvements +5.1 +1.9 +6.7 +6.4 +8.3 +5.6
InternVL3-38B 68.3 349 37.8 40.1 66.4 49.5

+ GM-PRM (Ours) 69.9 37.0 39.1 43.1 72.9 524
Improvements +1.6 +2.1 +1.3 +3.0 +6.5 +2.9
InternVL3-78B 68.0 34.6 36.0 38.1 65.7 485

+ GM-PRM (Ours) 70.7 371 40.6 39.9 72.2 52.1
Improvements +2.7 +2.5 +4.6 +1.8 +6.5 +3.6

Table 1: Percentage accuracy scores (%) of multiple MLLMs across five datasets. For each MLLM, the first
row shows the baseline, the second shows the final result with GM-PRM, and the third shows the improvement.
Only positive improvements are underlined. The best results are highlighted in bold. All values are reported after

rounding to three decimal places.

A800 GPUs to train GM-PRM, and the AdamW
optimizer is used with an initial learning rate of
1 x 1075, The learning rate schedule involves a
linear warm-up with the warm-up ratio equal to
0.05 followed by linear decay.

4.2 Main Results

As shown in Table 1, integrating GM-PRM with
the Refined-BoN process consistently improves per-
formance across five different benchmark datasets
for six different MLLMs. On average, our method
yields notable accuracy gains, with improvements
of +5.9 for MiniCPM-V?2.6-8B, +4.5 for Llama-3.2-
11B-Vision, +4.5 for Qwen2.5-VL-7B, and +5.6
for InternVL3-8B.

A closer look at dataset-level results reveals that
the improvements are not uniform. The WeMath
benchmark shows the most significant enhance-
ment, with MiniCPM-V2.6-8B improving by +12.4
points, highlighting the ability of our method to
strengthen mathematical reasoning on challenging
problems. Similarly, MathVerse and DynaMath
exhibit consistent gains of +4.5-6.7 points across
multiple models, suggesting that our approach par-
ticularly benefits datasets requiring complex sym-
bolic manipulation and multi-step reasoning. In
contrast, MathVision improvements are more mod-
est (+1.9-3.9), indicating that the visual reasoning
component may already be relatively strong in base-
line models.

GM-PRM combined with the Refined-BoN
process demonstrates strong generalization
across diverse multimodal mathematical prob-
lems, with particularly remarkable gains in
plane geometry tasks. As illustrated in Figure
4, even after excluding plane geometry and func-
tion problems, policy models still achieve notable
improvements across the datasets. This indicates
that although GM-PRM is primarily trained on
a dataset composed of plane geometry and func-
tion problems, it generalizes effectively to other
types of multimodal mathematical problems. More-
over, as shown by the averaged results in Figure
4, the improvements achieved by GM-PRM with
Refined-BoN on plane geometry problems consis-
tently exceed those on the overall dataset, function
problems, and other categories, underscoring the
exceptional effectiveness of our method in tackling
plane geometry tasks.

The Refined-BoN process yields dispropor-
tionately larger gains for models with lower
baseline performance. As shown in Table 1,
InternVL3-38B starts with the highest initial av-
erage accuracy among all policy models (49.5%)
and achieves a modest improvement of +2.9 points
(+5.9%). In contrast, Qwen2.5-VL-7B, which has
the highest baseline accuracy (43.3%) among mod-
els with fewer than 12 billion parameters, improves
by +4.5 points (+10.4%), surpassing the relative
gains of InternVL3-38B. Notably, MiniCPM-V-2.6-
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Figure 3: The results of changing the value of N in the Refined-BoN process on the WeMath across different
policies. As N increases, the effectiveness of GM-PRM in enhancing accuracy improves and surpasses that of

Self-Consistency.
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Figure 4: Improvements of the average percentage accu-
racy (%) of multiple MLLMs across different question
types in MathVista, MathVision and MathVerse.

8B demonstrates the most significant relative im-
provement, achieving +5.9 points (+21.0%), de-
spite its lower initial score. These results suggest
that models with weaker baseline performance ben-
efit more from the refinement mechanism of GM-
PRM with Refined-BoN, likely because the pro-
cess effectively corrects errors in reasoning steps,
leaving greater room for improvement.

4.3 Number of solution samples N in
Refined-BoN

Following Test-time Scaling technique, we vary the
number of N in the Refined-BoN process to evalu-
ate the performance of GM-PRM in comparison
to the Self-Consistency baseline.

Figure 3 depicts WeMath accuracy as the
number of sampled solutions per problem (V)
increases from 1 to 8. Across all three backbones—
MiniCPM-V-2.6-8B, Qwen2.5-VL-7B, and
InternVL3-78B—both GM-PRM and the
Self-Consistency (SC) baseline benefit from a
larger sampling budget, yet GM-PRM exhibits a
noticeably steeper growth curve.

Under the widely adopted Best-of-8 setting, GM-
PRM delivers gains of 4.9 and 3.5 over SC on

MiniCPM-V-2.6-8B and Qwen2.5-VL-7B, respec-
tively. Even for the 78B-parameter InternVL3,
GM-PRM maintains a substantial 4.1 margin.
These results indicate that the proposed refine-
ment strategy in this paper not only scales to
larger models but also converts additional candi-
date solutions into accuracy more effectively than
Self-Consistency, thereby underscoring the robust-
ness and versatility of GM-PRM.

Furthermore, for MiniCPM-V-2.6-8B, GM-
PRM surpasses the self-consistency baseline by
2.1, 2.2, and 4.9 points under the Best-of-4, Best-
of-6, and Best-of-8 settings, respectively, indicat-
ing a steadily increasing performance gap between
GM-PRM and self-consistency as N increases.

5 Conclusion

In this work, we introduced GM-PRM, a novel
paradigm that transforms the reward model from
a passive judge into an active reasoning collabora-
tor for multimodal mathematics problem solving.
By providing fine-grained, interpretable analysis
and, more critically, generating step-level correc-
tions for erroneous steps, GM-PRM moves beyond
simple binary verification. This unique corrective
capability powers our Refined Best-of-N (Refined-
BoN) framework, which actively improves flawed
reasoning trajectories during inference at test time.
Our experiments demonstrate that this approach
achieves state-of-the-art results on multiple bench-
marks, significantly boosting policy model perfor-
mance with remarkable data efficiency. The consis-
tent gains across diverse models and problem types
underscore the robustness and generalizability of
our method. This shift from passive error detection
to generative, collaborative correction represents a
crucial advance in multimodal reasoning.



Limitations

Our approach has several limitations that are im-
portant to note. First, GM-PRM is trained on a
curated subset of VisualPRM400K focusing primar-
ily on plane geometry and function-related prob-
lems. Although we observe encouraging transfer
to other categories (e.g., Figure 4), performance
may degrade under larger domain shifts such as
puzzle-style questions, diagram-heavy word prob-
lems, or open-ended proof-like reasoning that re-
quires global restructuring rather than local step
repair. Second, our training signals depend on GPT-
4o-generated analyses/refinements and are further
filtered using hard Monte Carlo (MC) estimation;
both components can introduce systematic label
noise and biases (e.g., overconfidence on visually
ambiguous cues or preference for certain solution
styles), which may be inherited by GM-PRM. Fi-
nally, our refinement mechanism corrects only the
first detected erroneous step; when errors are en-
tangled across multiple steps, or when fixing one
step necessitates revising earlier assumptions or
downstream derivations, the refinement may be in-
sufficient and can occasionally yield plausible but
incorrect corrections. In addition, we freeze the
ViT encoder during SFT, which may limit gains on
inputs where stronger low-level visual perception
is the primary bottleneck.
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A Appendix

A.1 More Related Work

A.1.1 Multimodal Large Language Models
(MLLMs)

The advancement of artificial intelligence has ad-
vanced the development of Multimodal Large Lan-
guage Models (MLLMs). MLLMs extend the ca-
pabilities of language-centric models by integrat-
ing multiple sensory inputs, primarily visual and
auditory, with text. Unlike traditional Large Lan-
guage Models (LLMs) which process solely tex-
tual data, MLLMs are designed to perceive and
reason across modalities such as vision and lan-
guage, thereby achieving the fusion and interaction
of multimodal information. The development of
MLLMs has been driven by extensive efforts, in-
cluding enhancements across model structure and
data curation. In terms of model structure, multi-
ple studies (Bai et al., 2025; Liu et al., 2023; Yao
et al., 2024) achieve notable performance through
a method that utilizing connectors to align the em-
beddings of vision from Vision Foundation Models
(VFMs) (Chen et al., 2024) with the latent space of
LLMs (Bai et al., 2023; Touvron et al., 2023a,b).
Alternatively, another line of research (Grattafiori
et al., 2024; Tian et al., 2024) enhances pre-trained
LLMs by adding supplementary layers to integrate
visual features, which reduces the number of vi-
sual tokens but incurs additional training costs.
Regarding dataset curation, recent research has
achieved substantial advancements. Specifically,
MultimodalC4 (Zhu et al., 2023) extends C4 corpus
containing only text with images and constructs a
corpus that supports pre-training for MLLMs. Fur-
thermore, OmniCorpus (Li et al., 2024) delivers a
large-scale yet noisy multimodal dataset suitable
for pre-training, and MMInstruct (Liu et al., 2024b)
presents an open-source collection of high-quality
data designed for instruction tuning. The majority
of research efforts have been concentrated on the
training processes of MLLMs, leaving significant
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room for exploration in Test-Time Scaling (TTS)
technique. In our work, we investigate the poten-
tial of enhancing the performance of MLLMs by
incorporating Process Reward Model (PRM) into
the TTS framework.

A.2 More Ablation Study
A21

For PRMs, the method used to aggregate step
scores into an overall solution score plays a criti-
cal role. In this part, we compare several different
aggregation strategies, including averaging step
scores, selecting the maximum step score, and se-
lecting the minimum step score. Since step-by-step
solutions that contain steps judged incorrect are
often not evaluated or scored for all steps, this ex-
periment focuses exclusively on solutions where
all steps are judged correct.

Methods for aggregating step scores

m Original mAverage mMin Max

MiniCPM-V-2.6-8B  Qwen2.5-VL-7B

Accuracy (%)
N w B wv (=]
o o o o o

[y
o

0
InternVL3-8B

Figure 5: Average percentage accuracy (%) of MLLMs
via different aggregation methods across five datasets.

The results are illustrated in the Figure 5. Across
all policy models and datasets, we find that both
averaging the step scores and selecting the mini-
mum score significantly outperform the strategy of
selecting the maximum score. This suggests that
either the average or the minimum score provides
a more accurate reflection of the overall quality of
a solution than the maximum score. Between the
minimum and average aggregation methods, we ob-
serve that averaging performs slightly better. This
improvement may stem from the fact that the av-
erage score takes into account all problem-solving
steps, providing a more comprehensive evaluation,
whereas the minimum score reflects only the step
with the lowest score and thus offers a less holistic
assessment.

A.2.2 Refined-BoN vs. BoN

The Refined-BoN process aims to enhance the di-
versity of N candidate solutions by refining the
steps judged incorrect and integrating the refined



steps with the steps judged correct into the prompt
for the policy models. In this part, we use the
Pass @k metric to evaluate the diversity and accu-
racy of policy models in generating multiple solu-
tions to the given problems.

The results are summarized in the Table 2. Over-
all, the Refined-BoN process improves Pass@8
scores compared to the standard BoN process
across multiple policy models and five benchmark
datasets. Specifically, it increases the average
Pass @8 values of MiniCPM-V-2.6-8B, Llama-3.2-
11B-Vision, and InternVL3-8B by 0.9, 1.3, and 0.9
points, respectively, across the five datasets, demon-
strating the effectiveness of the Refined-BoN ap-
proach in enhancing the diversity and correctness
of the generated solutions.

MLLMs | BoN | Refined-BoN | Diff.
MiniCPM-V-2.6-8B 62.5 63.4 +0.9
Llama-3.2-11B-Vision 62.7 64.0 +1.3
InternVL3-8B 65.3 66.2 +0.9

Table 2: Average percentage Pass@8 scores of BoN and
Refined-BoN across five datasets for different models.

A.3 Benchmark

We provide more details about the Refined-BoN
test benchmarks in Table 3:

Benchamrks | Split | # Sample
DynaMath Plane Geometry 770
MathVerse Vision-Only 788
MathVista Testmini 1000
WeMath Testmini 1740
MathVision Full 3040

Table 3: More details about the Refined-BoN test bench-
marks.

A4 Dataset

To ensure a balanced distribution of process labels,
we carefully construct the training dataset. The fi-
nal dataset used to train GM-PRM contains 19,614
samples in total, comprising 9,061 solutions that
contain incorrect steps—as jointly identified by
GPT-40 and Monte Carlo (MC) estimation—and
10,553 solutions in which all steps are judged to be
correct.

A.5 Prompt

In this section, we introduce the prompts used to
construct the training dataset and generate the rea-
soning processes and final answers. The prompt we
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guide the policy models to generate reasoning pro-
cesses and final answers of multi-choice problems
is represented in Figure 6.

Prompt for generating reasoning of multi-choice problems:

You are an expert in solving multimodal mathematical
problems. | will provide a mathematical problem along with its
corresponding image. According to the problem and the image,
please first conduct step-by-step reasoning, and after your
reasoning, please provide the correct option letter (e.g., A, B, C,
D, E) using the format: "Final answer: ...”

Problem:
<Question>

Figure 6: Prompt for policy models to generate reason-
ing and final answers of multi-choice problem.

The prompt we guide the policy models to gen-
erate reasoning processes and final answers of free-
form problems is represented in Figure 7.

Prompt for generating reasoning of free-form problems:

You are an expert in solving multimodal mathematical
problems. | will provide a mathematical problem along with its
corresponding image. According to the problem and the image,
please first conduct step-by-step reasoning, and after your
reasoning, please provide your final answer using the format:
"Final answer: ..."”

Problem:
<Question>

Figure 7: Prompt for policy models to generate reason-
ing and final answers of free-form problem.

The prompt we use to employ GPT-40 to gener-
ate the training dataset is shown in Figure 8.

A.6 More Cases

We collect 2 more cases of GM-PRM and the
Refined-BoN process illustrated in Figure 9 and
10.



Prompt:

You are an expert in solving multimodal mathematical problems. You will be given:
1. A multimodal mathematical problem and its corresponding image.
2. A multiple-step solution (each step on a new line).

**Task™**:

The tasks you need to do are:

1. Analyze the purpose of each step and what specific actions were taken in each step.

2. Analyze each step's correctness in terms of image alignment and reasoning logic.

- Image alignment: Whether the information and reasoning used in the step are consistent
with the content of the provided image.

- Reasoning logic: Whether the reasoning is logically sound, calculations are correct, and
information used matches that from previous steps and question.

When outputting judgements, you must choose one output from "Correct" or "Incorrect”.
3. For the first incorrect step, correct it based on your analysis of its error, and output the
corrected step at the end of your output.

*¥*Question**:
The multimodal mathematical problem is as follows:
<Question>

**Solution Steps**:
The multiple-step solution is as follows:
<Solution Steps>

Figure 8: Prompt for GPT-40 to construct training dataset.
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Question (Visual Pa Question (Textual Part)

How much area is remaining?
1000 10

How much area is remaining?

Total area: 6096

Original Solution Refined Solution

Step 1: To determine the remaining area, we start with the total area and subtract the areas that have been allocated.

Step 2: 1. **Total Area**: The total area is given as 6096 square units

Step 3: 2. **Allocated Areas**: - The first allocated area is 6000 square units. - The second allocated area is 60 square

units.

Step 4: 3. **Subtract Allocated Areas from Total Step 4: 3. **Subtract Allocated Areas from Total
{ Area**: > Area**:

- First subtraction: (6096 - 6000 = 96) - First subtraction: (6096 - 6000 = 96)

- Second subtraction: (96 - 60 = 6) - Second subtraction: (96 - 60 = 36)

GM-PRM: Analysis & Judgement

Step intent analysis: This step performs the subtraction of the
allocated areas from the total area to find the remaining area.
Image alignment analysis: The image supports the subtraction
process by showing the areas that need to be subtracted. —
Reasoning logic analysis: The calculations are performed
correctly: (6096 - 6000 = 96) and (96 - 60 = 36), but the final
result should be 36 instead of 6.

Step 5: Final answer: The remaining area is 36
square units.

Figure 9: The illustration of a representative example before and after applying GM-PRM. In particular, GM-PRM
first judges the steps of the original solution generated by the policy model. Subsequently, GM-PRM finds that the
forth step is incorrect regarding reasoning logic and refines the forth step to generate the correct version. The correct
steps are input to the policy model to generate the refined solution, and finally the correct answer is obtained.
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Question (Visual Part) Question (Textual Part)

In both equations x represents rainfall (in centimeters). When there
is Ocm of rainfall, the number of mosquitos is the same as the
number of bats. What is another rainfall amount where the number
of mosquitos is the same as the number of bats?

Round your answer to the nearest half centimeter.

Original Solution Refined Solution

Step 1: To solve the problem, we need to find the point where the number of bats equals the number of mosquitos,
other than the known 0 cm of rainfall.

Step 2: 1. **Identify the equations for mosquitoes and bats**: - Mosquitoes: (y = 5x - x?) - Bats: (y = 3x - 0.5x2)

Step 3: 2. **Set the equations equal to each other to find the points of intersection**: [ 5x - x2=3x - 0.5 x?]
Step 4: 3 **Simplify the equation**: [ 5x - x?=3x - 0.5 Step 4: 3. **Simplify the equation®*:** [ 5x - x?=3x -
% x2] Rearrange the equation to collect like terms: [ 5x - 0.5x2] Rearrange the equation to collect like terms:
=x-x2+0.5x*=0] [S5x-=x+0.5x?-x2=0] [ 5x - =x - [5x-x?-=x+0.5x*=0] [2x-0.5x*=01] [ 0.5x2- 2x
0.5x2=0][5x-=x-05x2=0] [5x-=x-0.5x2=0] =0] [ x(0.5x- 2) =0 ] This corrected simplification
should lead to the correct roots for further analysis.
Step 5: **Solve for (x )**: [ x(0.5x - 2) = 0] This
Step intent analysis: This step simplifies the equation set in gives us two possible solutions for (x): 1.(x=0)2.
Step 3 to prepare it for solving. (05x-2=0)[05x=2][x=4]
Image alignment analysis: The simplification process should
reflect the intersection points seen in the image. oo
Reasoning logic analysis: There is a mistake in the Step 8: Final answer: (4 ) cm.
simplification process. The rearrangement and simplification
steps contain errors in algebraic manipulation.

Figure 10: The illustration of a representative example before and after applying GM-PRM. In particular, GM-PRM
first judges the steps of the original solution generated by the policy model. Subsequently, GM-PRM finds that the
forth step is incorrect regarding reasoning logic and refines the forth step to generate the correct version. The correct
steps are input to the policy model to generate the refined solution, and finally the correct answer is obtained.
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