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Abstract

This study explores ambiguous question answering in
multi-modal visual dialogue, where users interact with a
system through multi-round questions grounded in images.
In visually complex and semantically uncertain scenarios,
users often ask ambiguous questions, which can lead to sys-
tem misunderstanding. To address this problem, we pro-
pose a unified framework for ambiguity detection and clar-
ification question generation. The framework first detects
question ambiguity by combining answer distribution en-
tropy and visual-text semantic similarity. To support tar-
geted clarification, the system constructs a belief state that
represents the visual context through object-level attribute
information. Based on this belief state, a large language
model generates context-aware clarification questions over
multiple dialogue turns, enabling the system to progres-
sively resolve ambiguity through interaction. Experiments
on the SIMMC 2.0 dataset demonstrate that the proposed
method effectively detects ambiguous questions. Additional
evaluation on a self-collected supermarket shopping dataset
shows that belief state—based clarification generation signif-
icantly improves the relevance and effectiveness of clarifica-
tion questions. Overall, the proposed framework provides a
complete multi-turn pipeline for ambiguity detection, belief
state tracking, and natural clarification dialogue generation

in multi modal visual scenarios.
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User’ s question: “Does this help me save electricity?”
Scene: Two objects detected — Smart Lamp (object A)
and Decorative Lamp (object B)

Ambiguity type: usage

Task: Generate a natural question to clarify the in-

tended function.
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“Clarification question”: “Are you referring to the
smart lamp or the decorative lamp next to it?”,

“Focus attribute”: “function” }
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Ny T 1
-] Cabbage? Green beans? Cauliflower?
Upper-left corner? nght hand side?

What are the
green ones?
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Q1: Is the chair out5|de7

Q1: Do all the vegetables have roots? Q1: What is the green stuff?

Al: ['yes', ‘no’] AL [lettuce’, ‘milk’] Al:[no’]

Q2: How many cucumbers slices are  Q2: What kind of fruit is on the  Q2: What holiday is being
there? plate? portrayed in the picture?
A2:['47 A2: ['orange] A2: ['thanksgiving’, ‘easter’]
Q3: Wouldn't you like to participate  Q3: Is this lettuce fresh? Q3: What is on the table?
in a CSA with veggies like these? A3: ['yes', 'no] A3: [food]

A3: ['yes', 'no’]

3: EEIRE AR TR

1. HREEICB T 2 FRRE

Model Dataset Accuracy
MM-SDT (SIMMC) SIMMC 2.0 0.43
Our Model SIMMC 2.0 0.541
Our Model VQA v2.0 0.78%
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Question: Ok, now do you have anything in a size L with Question: Do you have something else like that pink
the same pattern as that purple dress or the black and sweater on the center rack and the red and white one
grey one that's to the right of it? on the right wall?

Answer: [0, 33,1, 24, 29] Answer: [8, 5]

Is Ambiguous: 1 Is Ambiguous:0
Similarity: 0.36 Similarity: 0.4

Entropy: 1.8 Entropy: 0.6

X 4: BERR7ZE B DB

# 2: SIMMC2.0 T DBEIRMEAFE D I JERE

Model Accuracy F1
GPT2 (SIMMC) 0.43 -
Entropy-based (Our) 0.7621  0.459
Similarity-based (Our) 0.450 0.550

Entropy + Similarity Fusion (Our) 0.550 0.490
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Prompt: You are an assistant that generates a complete
belief state for all objects in a scene.

User question: I want to buy cheese for pizza. Which one
should I choose?

Scene items: [Red Cheddar 100g 499 yen; Cream Cheese
200g 389 yen; Kiri Creamy Portion 6p 359 yen; Moz-
zarella 349 yen; Tokachi Camembert 399 yen; Munster
Cheese 90g 498 yen)]

Ambiguity type: usage

Output example:

["type”:"Red  Cheddar”,”color”:”Red”,” position”:"1”,
7 quantity”:”100g”,” price”:” 499 yen”,”intended
use”:["pizza”,” sandwich”,”snack”],” use
method”:[”grating”,”slicing”],”serving  context”:["main
dish”,”side dish”],”additional attributes”:["melts eas-

ily”,”sharp flavor”,”firm texture”,”common choice for

pizza’],”notes”:"Popular for pizza due to its strong

flavor and melting properties”]
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Attr. Attr. Value Freq. Gain Relevance Score
Serving Main dish 3 0.3333 049  0.1632
context

Addi. attr. Melts easily 1 1.0000  0.37  0.3741
Addi. attr. Sharp flavor 1 1.0000 0.36 0.3597
Addi. attr. Common 2 0.5000 0.71 0.3571
choice for
pizza

Addi. attr. Mild flavor 1 1.0000  0.40  0.4000

x5 B2 7y VOBRMBEHEEEHER2T,

Attr. Attr. Value Freq. Gain Relevance Score

Addi. attr. Strong flavor 2 0.5000 0.38 0.1883

1.0
Red Cheddar 0.3
0.8
g
8 0.75
wn
% 06 0.60 Munster 0:88 0.95
I
n 0.50 0.50
% 0.4
= 0.40
[
@ 0.30
0.2
0.20 0.20
0.10
001 ® & > *
TO T1 T T3
Q: first turn Q: Are you looking Q: Which cheese do Q: Most suitable
U: | want cheese for for a cheese you prefer, Red object(s) is/are:
pizza. that's primarily Cheddar or Red Cheddar. Is

this correct?
U: done/Converged

used for pizza or Mozzarella, in
strong flavor terms of flavor
cheese? intensity?
U: primarily used for U: flavor intensity
pizza
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Turn Utterance

Prompt You are a conversational AI system whose
role is to generate natural and effective clari-

fication questions for ambiguous user queries.

TO (User) I want to buy cheese for pizza. Which one

should I choose?

TO (Sys- Are you looking for a cheese that’s primar-

tem) ily used for pizza, like Red Cheddar or Moz-
zarella, or are you interested in a different
type of cheese with a strong flavor, such as
Munster Cheese?

T1 (User)  Primarily used for pizza.

T1 (Sys- Which cheese do you prefer, Red Cheddar or
tem) Mozzarella, in terms of flavor intensity?

T2 (User) Flavor intensity.

T2 (Sys- Based on your question and feedback, the
tem) most suitable object(s) is/are: Red Cheddar,
Mozzarella. Is this correct, or should I tell

you more about the options?

T3 (User) Done.

LROER2S, FETY /7 —Yavanly—VIER
. HAREMCER 2 AR T 2 ETIEFICEMTHZ e
RTEZ, RO DIZ, AR TER— =< =5 v MH
BroHELAVOEEEBEIAEKT 2 FEBRDIT o7z, BRI
1Zi&. Detic 2 AW TYRBHEZITW. VinVL[12] i X b Bk
ZHIML, 512 OCR ZHVWTTF ¥ X MEREMTE LR, &
O HBIIC X > TEREI NIz — VIEHROHI% Table 7 12
KT, LU, HERGRFERE., XFOERD. 52 WVILER
PEL TV REE IR EE LT, /A4 X EDAHE



Mhid 2, ZOFER, HHLEMEROEB IS EES X
ERNDD B,

KT VAT ATLEFICBT 2 OH KR (Detic +
VinVL + OCR)

Detic & OCR & VinVL outputs: Grand Alheirn 329
yen 356 R, item CS Tokexu-CoC 269291 YiO9, Tokeru
Cheese Co6 499 539 U, company product 0 1RSV Soli
Cheese coc vO9 269 291, Cream Portion 4 359 yen 97.8g
308, Tokere Cheese WMO 22”7, Tsuri Ko Takanto 499
discount 1000 7TEOP 530, Smoked Cheese CoC Y309 389
421, Camembert Cheese N-ku, Tokere Cheese Kome 100
229 50g 240, World Chitaars 097 1120279 302, Parme-
san Cheese 29 N 499 yen 80g na539 JUPN., 12E4 CoC
6 Tchir Tai Fu 69 183 FAS, Rera Cheese 349 *377, Kiri
0 Cream Portion 4 359 yen 97.8g, Bisco Sauce CoC 2000
249.26 small Toru...
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