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A. Training Hyperparameters
The key global hyperparameters used throughout all experi-
ments in this paper are listed in Table A1. Unless explicitly
stated otherwise, all models were trained under this shared
configuration.

Parameter Value

Global Batch Size 256
Learning Rate 1× 10−6

Weight Decay 1× 10−2

KL Penalty Coefficient (λKL) 1× 10−2

Max Steps 100
Number of Rollouts 4
Temperature 1.0
Top-p 0.95

Table A1. Key global hyperparameters used throughout our exper-
iments.

B. Reproposed VWA Task
To enable a more straightforward evaluation of multimodal
web understanding, we redesign the VWA dataset into a
multiple-choice question answering (MC-QA) task based
on shopping-website pages. For each webpage, we auto-
matically generate question–answer pairs using GPT-5, fol-
lowed by human verification to ensure correctness and qual-
ity. Each page contains 10 questions, and each question pro-
vides 6 candidate choices, with 1 correct answer. Visualized
examples are provided in Figures 1 and 2.

C. Prompt Templates
We list the prompt templates used during training and eval-
uation in Table A3.



QUESTION: Which item is an energy drink? 

(Answer - B)

A) Q Mixers Premium Ginger Ale: Real 

Ingredients & Less Sweet, 6.7 Fl Oz (24 

Bottles)

B) V8 +Energy, Healthy Energy Drink, 

Steady Energy from Black and Green Tea, 

Pomegranate Blueberry, 8 Ounce Can ,Pack 

of 24

C) Elmwood Inn Fine Teas, Orange Vanilla 

Caffeine-free Fruit Infusion, 16-Ounce Pouch

D) So Delicious Dairy Free CocoWhip Light, 

Vegan, Non-GMO Project Verified, 9 oz. Tub

E) Briess DME - Pilsen Light - 1 lb Bag

F) Cheongeun Sweet Potato Starch Powder 

500g, 2ea(Sweet Potato 55%, Corn 45%)

QUESTION: Which product is the most 

expensive on the page? (Answer - C)

A) Pre-baked Gingerbread House Kit Value 

Pack, 17 oz., Pack of 2, Total 34 oz.

B) Q Mixers Premium Ginger Ale: Real 

Ingredients & Less Sweet, 6.7 Fl Oz (24 

Bottles)

C) Lobster Cobbler Pot Pie - Gourmet 

Frozen Seafood Appetizers (Set of 8 Trays)

D) Tony Chachere's More Spice Creole 

Seasoning - 14 oz

E) Stove Top Turkey Stuffing Mix (12 oz 

Boxes, Pack of 2)

F) So Delicious Dairy Free CocoWhip Light, 

Vegan, Non-GMO Project Verified, 9 oz. Tub

QUESTION : Which product is a tea infusion 

sold in a 16-ounce pouch? (Answer - A)

A) Elmwood Inn Fine Teas, Orange Vanilla 

Caffeine-free Fruit Infusion, 16-Ounce 

Pouch

B) V8 +Energy, Healthy Energy Drink, Steady 

Energy from Black and Green Tea, 

Pomegranate Blueberry, 8 Ounce Can ,Pack of 

24

C) So Delicious Dairy Free CocoWhip Light, 

Vegan, Non-GMO Project Verified, 9 oz. Tub

D) Crunchy Rice Rollers - Gluten Free - Vegan 

- 3.5 oz Individual Packs (4 Packs of 8 Rollers)

E) Q Mixers Premium Ginger Ale: Real 

Ingredients & Less Sweet, 6.7 Fl Oz (24 

Bottles)

F) Tony Chachere's More Spice Creole 

Seasoning - 14 oz

QUESTION : Which product shows the 

highest customer rating percentage? (Answer 

- B)

A) V8 +Energy, Healthy Energy Drink, Steady 

Energy from Black and Green Tea, 

Pomegranate Blueberry, 8 Ounce Can ,Pack of 

24

B) Elmwood Inn Fine Teas, Orange Vanilla 

Caffeine-free Fruit Infusion, 16-Ounce 

Pouch

C) Q Mixers Premium Ginger Ale: Real 

Ingredients & Less Sweet, 6.7 Fl Oz (24 

Bottles)

D) Stove Top Turkey Stuffing Mix (12 oz 

Boxes, Pack of 2)

E) Crunchy Rice Rollers - Gluten Free - Vegan 

- 3.5 oz Individual Packs (4 Packs of 8 Rollers)

F) Tony Chachere's More Spice Creole 

Seasoning - 14 oz

Figure 1. Examples from the reproposed VWA multiple-choice dataset constructed on shopping webpages. For each webpage, we generate
10 questions with 6 answer choices, among which 1 is correct. The questions cover diverse reasoning types, including product category
recognition, price comparison, customer rating analysis, and attribute identification.



QUESTION : What number of items per 

page is currently selected?

(Answer - A)

A) 12 B) 24

C) 36 D) 1

E) 2 F) 5

QUESTION : Which Sort By option is 

selected by default?

(Answer - A)

A) Position   B) Product Name

 C) Price    D) Grid

 E) List    F) Next

QUESTION : From the Shop By price 

filter, how many items are in the $100.00 

- $199.99 range? (Answer - B)

A) 238 B) 20

C) 4 D) 2

E) 12 F) 265

QUESTION : In the pagination, what is 

the last page number shown?

(Answer - E)

 A) 1      B) 2

  C) 3      D) 4

  E) 5      F) Next

QUESTION : According to the toolbar, 

how many total items are in this category?

(Answer - A)

A) 265 B) 12

C) 238 D) 20

E) 4 F) 2

QUESTION : Which view mode is 

currently active on the page?

(Answer - A)

 A) Grid     B) List

  C) Position    D) Price

  E) Men’s    F) My Cart

Figure 2. Examples from the reproposed VWA multiple-choice dataset constructed on shopping webpages.



Dataset Prompt Template
DocVQA

&
InfoVQA

BACKWARD QUERY GENERATION

System Message:
You are a question generator. Given an observation of a document (infographic) and the correct Answer,
produce a single, concise, unambiguous question whose answer is exactly the given Answer and should be
asking about the information provided by the observation; when grounded ONLY on the observation provided.
Rules: (1) Return ONLY the question text. (2) Avoid ambiguous wording; ensure a 1-to-1 mapping, this
means the query should not have answers to it other than the correct Answer provided to you. (3) No extra
commentary, quotes, or prefixes. (4) Make sure that the question is asking about the observed document
(infographic), don’t propose random answers to fit the answer.

User Message:
Base rule: You need to generate a question. Here is the structure of the examples:

few shot examples:

Example i
OBS: [TEXT_OBS] or [IMAGE_OBS]
Answer: [ANS]
Given the observation of the document (infographic), I will come up with a document (infographic) facts based
Query that can be answered by the given answer. Query is: [QUESTION]

The remaining examples follow the same structure.

Visual focus: In this task, the OBS is an image version of the document (infographic). You must generate the
question based solely on visible information in the image, without assuming or inferring any unseen text or
external knowledge.
Textual focus: In this task, the OBS is ocr and captioning of an document (infographic) image.
OBS: [TEXT_OBS] or [IMAGE_OBS]
Answer: [ANS]
Given the observation of the document (infographic), I will come up with a document (infographic) facts based
Query that can be answered by the given answer. Query is:

Assistant Message: (Generated response)

CYCLE VERIFICATION

User Message:
You are a helpful assistant for document VQA. Answer with the exact final answer only.
OBS: [TEXT_OBS] or [IMAGE_OBS]
Query: [QUESTION]
Answer concisely with only the final answer.

Assistant Message: (Generated response)

Table A2. Prompt templates for each dataset and prompt type. The BACKWARD QUERY GENERATION prompt infers plausible
multimodal queries conditioned on each candidate answer; and the CYCLE VERIFICATION prompt assesses whether forward inference
from these queries reconstructs the original answer, providing the cycle-consistency supervision signal.



Dataset Prompt Template

ChartQA BACKWARD QUERY GENERATION

Image-specific part:
[IMAGE_OBS]
You are writing ONE short, clear, self-contained question about a chart image such that the answer equals a
GIVEN TARGET ANSWER.

Text-specific part:
You are writing ONE short, clear, self-contained question about a chart based ONLY on the following caption
text. The question must have the GIVEN TARGET ANSWER. [TEXT_OBS]:

Shared rules and ending: Rules:
- Must be answerable using chart visual information only.
- Must not reveal or restate the answer.
- Avoid yes/no, multiple choice, multi-part questions.
- Include necessary qualifiers (series, category, unit, timestamp).
- Length: 1–2 sentences, no explanation.
Target Answer: [ANSWER]. Write the question now. Return only the question string.

CYCLE VERIFICATION

Image-based QA Prompt:
[IMAGE_OBS]
You are given a chart image and a question. Use ONLY the information that is explicitly visible in the chart
(titles, labels, legends, tick marks, data labels, notes).
Question:
[QUESTION]
Answer concisely with plain or numeric text only (no reasoning, no steps, no formatting).

Text-based QA Prompt:
You are given a chart description in JSON extracted from an image. Answer the user’s question using ONLY
the information contained in the JSON.
JSON:
[TEXT_OBS]
Question:
[QUESTION]
Answer concisely with plain or numeric text only (no reasoning, no steps, no formatting).

Table A3. Prompt templates for each dataset and prompt type. The BACKWARD QUERY GENERATION prompt infers plausible
multimodal queries conditioned on each candidate answer; and the CYCLE VERIFICATION prompt assesses whether forward inference
from these queries reconstructs the original answer, providing the cycle-consistency supervision signal.


