Benchmarking Multimodal CoT Reward Model Stepwise by Visual Program.

Current Training Process of Multimodal Chain-of-Thought Reward Models:
« Relies on labor-intensive annotations

« Provides only single-step rewards
« Lacks sufficient evaluation dimensions

— As a result, the reward model cannot offer step-level, multi-dimensional evaluation

Query:
What is the color of birds in sky?

Eﬂ There are many birds in the picture.
=" A bird is on the top-left of the image.
MLLM . :
And several whife doves on a pine.

So the answer is white.
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M M . 0 - .S. .
Exi St’ﬂg Reward Model: ne -Sl€p mgfe-dm;g,,sf- i @ Although the answer is correct, after analysis,
Accord"ng to the glven pfcture and arjsu{eﬁI a[ — the second Step of is irrelevant to the problem,

e - A : and there is an attribute error in the third step,
—— the bird in the sky is white, so the answer is correct. 50 the answer is logically unreliable.

Existing reward models: Evaluation is single and holistic.
While SVIP, evaluates each CoT step across three dimensions.
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« We propose SVIP: an automatic approach to training stepwise, multi-dimensional CoT reward models.

« SVIP Process: 1) Generates code to solve visual tasks. 2) Transforms code block analysis into CoT step
evaluations as training samples. 3) Trains the SVIP-Reward model with a multi-head attention
mechanism, TriAtt-CoT.

Query: Is there a motorcycle to the left of the car in the picture? Image:

—_—— e o — o . . — — . — — . . . — — — — — — i — — o — — — — — —— — — —

lExisti ng Benchmark
The motorcycle is positioned to the left of the yellow car. Therefore, there is motarcycle to the left of the car.

l Single Step ")) Single Dimension (1.} Re sults-oriented (%) Label: Correct.
;:-:::::::::::::.—-T::—_::::::::::::::::::::::::::: ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
| SVIP with a Step-level Multi-dimensional Benchmark SVIP-Benchmark

: def execute_command(image): é&'@ &  gVIP-Test

car_patch = image_patch. find(“car”)[@] with labels for

# Stepl: find the car and motocycle , A N
___ image_patch = ImagePatch(image) & Mﬁs Q_&G \de & CoT Step
Reward Model @

motorcycle patch = image patch. find( “motorcycle”)[@]

so it is not on the car's left.
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I E, A yellow Mustang and a black motorcycle are detected in the image. o Q Q === :
:% # Step2: Determine whether the motorcycle center left of the car center SVIP-Train |
| 3 |- is_left = bool_to_yesno o) |
i (motorcycle_patch.horizontal center < car_patch.horizontal center) (§ R Ej CoT |
| g return is_left (@) Code assessment x Step I
I 8 : The center of the motorcycle is to the left of the center of the car, : I
: - ®CDT s l') the motorcycle is indeed on the left side of the car. 4, o o o TriAtt l SVIP :
3 VIP-
|.§ # Step2: Compare the location of the motorcycle's right and the car's left @ Label alignment CoT VReward |
|(,9_Jb is_left = bool_to_vyesno l I
l (motorcycle_patch.right < car_patch. left) o |
| return is_left R = True :
| The motorcycle's right side is beyond the car's left side, ’ L = False
| ¥E i e ; 0 O A= True )l
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« SVIP introduces two datasets for training and evaluation: SVIP-Train and SVIP-Test.

« Compared with existing benchmarks, it provides step-level data with scores for each step.
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« SVIP defines three types of CoT step labels and performs corresponding
evaluations through program analysis.

[ Relevence } ————————————— [ Logic ] ------------- [ Attribute ] _____________ .
I 1 - - I
Is the charger in the picture yellow and round? ” .

| What is the gender ratio of the people in the image? i d 2 Y i\ Who is the man in yellow?
- 1 Code Block Code Block :
1 Code Block Code Block P ‘e ] i1 Code Block Code Block =
o e ! is_yellow and_round is yellow and_round ' b S Pa d
| return gender ratio = if len(female) == @: ! I =1is yellow or is_round = is_yellow and is_round ! ! return man_in yellow. returm man_in yellow. !
! len(male) / len(female) returmn “No female at all.” |} i o > 1 ; simple query(“Who is he?”) simple_query(“Who is he?”) |
I i 1 ProgTest results® ProgTest results* : I De-fi It De-fi It 1
| Compilation results Compilation results i ! assert Sher ' | e-fine results e-fine results |
| ZeroDivisionError: e P e i ! (is_yellow and 1s_round) (1s_yellow and 1s_round) i | He is Tadej Pogacar, 2024 Tour He is Jonas Vingegaard, 2023 H
- division by zero! SEeaEE R e ; i == 1s_yellow_and_round = 1s_yellow_and_round E ! de France Champion Tour de France Champion !
I i I 1
i 1 1 Convert to CoT Step Convert to CoT Step ' I 1

Convert to CoT Ste :
I Convert fp. CoX SI‘Ep- : h i P Zoo i i The charger in the picture is yellow The charger in the picture is yellow E : Convert to CoT Step Convert to CoT Step :
i The number of female is zero, which Fhars dos ng fetmoles [ the (moge. ! ! but not round, so the charger is o but not round, so the charger is O ! : Therefore, the man in yellow Therefore, the man in yellow i
: prevents the division operation and The gender ratio consists entirely : i yellow and round. not yellow and round. i ! js Tadej Pogacar 0 s Jaris Wnijagiaai o E
| e o ot = J \_tProgest onlytests the necessary logic according to the requirements of theproblem } N ____________ pl
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« The results on SVIP-Test show that, among existing reward models, SVIP-Reward
achieves the highest performance.

« Notably, with Qwen2-VL-7B as the base model, SVIP outperforms existing tuning
methods by 7.3%.

SVIP-Test

Reward Model MIJ-Bench VLRewardBench Overall Step

Correctness Relevance Logic Attribute Avg
GPT-40 65.8 65.8 58.4 82.2 54.7 56.8 64.6
IXC-2.5-Reward-7B 69.2 65.8 63.7 89.4 60.1 53.6 67.7
Qwen2-VL-7B (Zero-shot) 723 28.3 55.1 73.8 50.2 47.3 5k.1
Qwen2-VL-7B (Tuning) 73.1 554 63.9 81.5 3595 52.7 63.4
Qwen2-VL-7B (SVIP-Reward) 737 68.0 67.3 92.3 61.0 58.9 70.7
InternVL-2.5-2B (Zero-shot) 48.0 35.1 46.2 75.6 2.1 alil 59.6
InternVL-2.5-2B (Tuning) 50.4 49.6 54.5 78.6 2 53.5 61.9
InternVL-2.5-2B (SVIP-Reward) 51.6 56.3 60.8 87.0 56.4 56.2 66.5
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« SVIP-Reward efficiently improves performance in both training and testing

T T T T 2 \“ MLLM | Reward Model | MME;un  MMMU,y  MMMU-Progyerqy  MathVistayming MMT,,  POPE,,,
: EF S——— EF |: DeepSeck-VL-7B | - | 1835 36.9 18.2 36.7 53.6 87.9
—eeee——
| ™ Reinforcement  camm | :| Qwen2-VL-7B = 2374 58.5 30.9 593 64.6 89.3
| MLLM  Learning ~ MLLM-SVIP Qwen2-VL-7B Qwen2-VL-7B (Zero-shot) 2390 59.9 31.3 59.4 64.8 89.5
| 1 Qwen2-VL-7B Qwen2-VL-7B (Tuning) 2387 60.7 32.4 59.6 67.4 89.6
| 1 Qwen2-VL-7B Qwen2-VL-7B (SVIP-Reward) 2466 61.8 33.0 60.6 70.9 90.1
: @ :: Openflamingo-3B | - | o2 372 2.0 332 514 734
Step-wise
| CoT X=—v_ Mum-_d‘?mens,-on Il InternVL-2.5-2B | - 2144 59.4 24.3 51.7 55.8 90.6
Ste R d | 5. s .
| p ewar & rore I InternVL-2.5-2B | InternVL-2.5-2B (Zero-shot) 2202 60.8 24.7 525 56.2 90.6
I Model Il InternVL-2.5-2B | InternVL-2.5-2B (Tuning) 2261 61.2 26.1 53.6 58.6 90.8
S——— -(;) Tr;ilTin_gY’i;eﬁn_e ——— InternVL-2.5-2B | InternVL-2.5-2B (SVTP—-Reward) | 2332 62.0 27.4 54.9 63.5 90.8
l’ ________________ \I MLLM | Reward Model | MME ym MMMUyy  MMMU-Progyeran MathVistapmini MMT,q  POPEg,q
I @ Least-to-most | o | GPTdo - 2328 69.1 51.9 63.8 65.4 86.9
—— Sampling ] Deepseck-VL-7B | - 1847 36.6 18.1 36.1 53.2 88.1
: MLLM : Openflamingo-3B | - 668 21.8 11.6 29.5 474 58.6
| _ | Qwen2-VL-7B ; 2327 54.1 30.5 58.2 64.0 88.1
| Candidate @ (v Current | Qwen2-VL-7B Qwen2-VL-TB (Zero-shot) 2301 59.1 30.7 59.0 64.8 89.0
: 1 0, W Step : Qwen2-VL-7B Qwen2-VL-7B (Tuning) 2383 60.4 31.4 59.2 67.7 89.5
| I e eraret | Qwen2-VL-7B Qwen2-VL-7B (SVIP-Reward) 2472 61.3 32.3 61.6 70.5 90.2
| 2 Model | InternVL-2.5-2B | - 2138 40.9 23.7 51.3 54.5 90.6
| Answer | InternVL-2.5-2B | InternVL-2.5-2B (Zero-shot) 2185 412 24.4 53.1 56.1 90.4
S ——— — —_—————— InternVL-2.5-2B | InternVL-2.5-2B (Tuning) 2246 43.0 25.9 53.7 58.6 90.8
(b) Inference Pipeline InternVL-2.5-2B | InternVL-2.5-2B (SVIP-Reward) | 2319 43.7 26.8 55.4 633 90.9
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« An lllustrative Example of SVIP

1) Query: What is the name of the landmark in the picture?
Golden answer: Trondheimsfjorden
CoT step: We attempt to analyze information about a landmark in an image, but I don’t know what island it is.
Relevance: True; Logic: True; Attribute: False.

Figure 7. Attribute errors due to external knowledge errors.

In this scenario, if GPT4V is utilized as the visual module for visual programming, it would accurately identify the
landmark in the image as Munkholmen, a small islet located in the Trondheim Fjord in Norway. However, less capable
models, such as blip2, would fail to provide the correct answer, subsequently leading to their detection by the SVIP system,
which would mark the Attribute as false.
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