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Abstract
Large vision-language models (LVLMs),
while proficient in following instructions and
responding to diverse questions, invariably gen-
erate detailed responses even when questions
are ambiguous or unanswerable, leading to hal-
lucinations and bias issues. Thus, it is essential
for LVLMs to proactively engage with humans
to ask for clarifications or additional informa-
tion for better responses. In this study, we aim
to shift LVLMs from passive answer providers
to proactive engaged partners. We begin by es-
tablishing a three-tiered hierarchy for questions
of invalid, ambiguous, and personalizable
nature to measure the proactive engagement
capabilities of LVLMs. Utilizing this hierarchy,
we create PIE (ProactIve Engagement Eval-
uation) through GPT-4o and human annotators,
consisting of 853 questions across six distinct,
fine-grained question types that are verified by
human annotators and accompanied with well-
defined metrics. Our evaluations on PIE indi-
cate poor performance of existing LVLMs, with
the best-performing open-weights model only
achieving an Aggregate Align Rate (AAR) of
0.28. In response, we introduce MACAROON,
self-iMaginAtion for ContrAstive pReference
OptimizatiON, which instructs LVLMs to
autonomously generate contrastive response
pairs for unlabeled questions given the task
description and human-crafted criteria. Then,
the self-imagined data is formatted for condi-
tional reinforcement learning. Experimental
results show MACAROON effectively improves
LVLMs’ capabilities to be proactively engaged
(0.84 AAR) while maintaining comparable
performance on general tasks1.

1 Introduction

Large vision-language models (LVLMs) demon-
strate remarkable capabilities in multimodal tasks

*Work was done while Shujin Wu was an intern at the
University of Illinois Urbana-Champaign.

1The code is made public at https://github.com/
ShujinWu-0814/MACAROON.

What color is the hair of the person in the image?

The person in the picture has blond hair.

There are two persons in the image, may I know
which one you are referring to specifically?

Human will say:

LLaVA says:

Question:

Is the person in orange pants male or female?

The person in orange pants is male.

Sorry, I’m not able to determine the gender of
that person from the image alone.

Human will say:

LLaVA says:

Question:

Figure 1: Existing LVLMs fail to ask clarifying ques-
tions or acknowledge their knowledge boundary, result-
ing in biased and hallucinated responses.

requiring both visual understanding and language
processing (Liu et al., 2023; Li et al., 2023b;
Dai et al., 2024). However, their constant pre-
paredness to deliver information causes them to
become passive answer providers at all times:
LVLMs invariably generate detailed and firm
responses, even when the given question is am-
biguous or unanswerable. For example, in Figure
1, when faced with unclear or invalid questions,
one of the best-performing open-weight LVLMs,
LLaVA (Liu et al., 2023), tends to make unsup-
ported assumptions, resulting in biased and hal-
lucinated responses. This tendency largely stems
from a lack of proactive engagement, which should
ideally include challenging invalid questions, re-
questing clarifications on ambiguous questions, and
seeking additional information when necessary.

To systematically assess a model’s engagement
ability, we design a three-tiered structured hier-
archy of question types, reflecting three types of
desired behavior: 1) Tier-I invalid questions as-
sess the ability of LVLMs’ to identify and dismiss
unanswerable questions or those based on false
premises, establishing a foundation for reliable AI
reasoning. 2) Tier-II ambiguous questions assess
LVLMs’ capacity to request clarifications for en-
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hancing human-AI interactions and LVLM utility.
3) The most advanced, Tier-III personalizable ques-
tions, examine LVLMs’ ability to elicit and tailor
responses towards human preferences, which is
crucial for personalizing user experiences and en-
hanced human-model alignment.

Building on top of this hierarchy, we create
the ProactIve Engagement benchmark PIE. PIE
contains 853 image-question pairs, each meticu-
lously verified by human annotators. We construct
the dataset by first instructing GPT-4o (Achiam
et al., 2023) with human-written criteria for ques-
tion generation and best question selection. Fur-
ther, human annotators are asked to examine each
image-question pair and only collect high-quality
instances as our evaluation dataset. For evaluation,
we define Aggregated Align Rate (AAR), calcu-
lated as the macro average ratio of questions for
which the evaluated model’s response fully align
with the human expectations over three tiers. Our
initial evaluations using PIE reveal that even the
most advanced open-weights models suffer from
a significant gap between their current capabilities
and the nuanced requirements of effective human-
model interaction (0.28 AAR for LLaVA).

To bridge this gap, we propose self-iMaginAtion
for ContrAstive pReference OptimizatiON, abbre-
viated as MACAROON, to enhance the proactive
conversation capabilities of LVLMs. MACAROON
operates by first directing LVLMs to produce con-
trastive response pairs based on the task description
and human-crafted criteria. This data subsequently
facilitates conditional reinforcement learning (Lu
et al., 2022b), enabling LVLMs to differentiate be-
tween effective and ineffective responses and uni-
fying the training data format. The experimental
results of MACAROON indicate a promising shift
in the behaviors of LVLMs, manifesting a more
dynamic and proactive engagement paradigm (0.84
AAR after MACAROON). Further, we show that
MACAROON enables LVLMs to generate responses
more tailored to humans by proactively eliciting
preferences during initial interactions.

Our contributions are summarized as follows:

• We identify crucial shortcomings of LVLMs in
navigating complex and ambiguous questions,
particularly questions that require proactive en-
gagement of the models. The default behavior of
current LVLMs to act as passive answer providers
leads to biased and hallucinated responses.

• We present the ProactIve Engagement bench-

mark PIE based on a carefully designed three-
tier question hierarchy to comprehensively bench-
mark the engagement capabilities of LVLMs.

• We present self-iMaginAtion for ContrAstive
pReference OptimizatiON, MACAROON, which
leverages self-imagination based on human crite-
ria to construct the contrastive preference dataset
and utilizes conditional reinforcement learning
for unified training. MACAROON does not require
instance-level human supervision and can be
seamlessly integrated with other general-purpose
instruction-tuning datasets. MACAROON show-
cases the potential for LVLMs to evolve into truly
interactive partners that enhance rather than im-
pede effective communication.

2 Measuring Proactive Engagement: PIE

Previous benchmarks (Zhao et al., 2022; Xu et al.,
2023a; Chen et al., 2023) primarily assess the
general multi-modal understanding and reason-
ing capabilities of LVLMs by measuring question-
answering accuracy. To formally evaluate how well
models perform in terms of proactive engagement,
we first break down the engagement capability of
LVLMs into three tiers: challenging invalid ques-
tion settings, seeking clarifications, and uncovering
latent human preferences through interactive con-
versations. Based on these aspects, we create a new
benchmark PIE. In this section, we describe our
dataset construction process and the metrics design.

2.1 Tiers of Engagement

We establish a comprehensive question hierarchy
with three distinct tiers, each designed to test a
different dimension of the LVLMs’ interaction dy-
namics with users.

• Tier I: Invalid Questions. These are impossi-
ble to answer or contain some false premises.
LVLMs are expected to recognize these lim-
itations, challenge the invalid nature of ques-
tions, and appropriately manage human expec-
tations by explaining the issues with the ques-
tions posed. This tier includes unanswerable
and false premise questions.

• Tier II: Ambiguous Questions. These present
ambiguities and need further clarification to be
answered. LVLMs may sometimes give correct
responses directly by discussing multiple situa-
tions. However, we expect models to ask clarify-
ing questions and then give more specific answer

7716



Tier III: Personalizable

Tier I: Invalid 

Tier II: Ambiguous 

More human-centered  
More difficult for current
LVLMs to perform well

Unanswerable Question: What’s the name of this cow in brown?
False Premise: How deep is the pond they are drinking from?

Subject Ambiguity: Is the man smiling?
Subjective Interpretation: Is the man in blue shirt handsome?
Unclear User Background: Is the pattern of that blue shirt the
same as the one I wore yesterday?

Latent Human Preferences: Could you recommend some cars
that can handle this severe weather condition for me?

Tier III Examples:

Tier II Examples:

Tier I Examples:

Figure 2: Typical examples for each question type
within our defined hierarchy.

HIERARCHY QUESTION TYPES DESCRIPTIONS

Tier I:
Invalid

Unanswerable Questions
Questions that cannot be answered

based on the given image alone.

False Premise 
Questions that contain some false

assumptions about the image.

Tier II:
Ambiguous

Subject Ambiguity
Questions that do not specify which
subject is referred to when there are
multiple similar objects in the image.

Subjective Interpretations
Questions that ask for subjective

judgment without criterion.

Unclear User Background
Questions that require detailed user
background when none is provided. 

Tier III:
Personalizable

Latent Human Preferences
Questions that can be answered in

more user-tailored ways when more
human preferences are elicited.

Figure 3: Descriptions for each question type.

in the next round since it’s more aligned with hu-
man’s communication patterns. This tier includes
subject ambiguity, subjective interpretations,
and unclear user background questions.

• Tier III: Personalizable Questions. These
are clear enough and can be answered directly
based on the visual content available. However,
there remains scope for LVLMs to enhance
the quality of responses by incorporating more
nuanced human preferences and contextual
understanding. We expect LVLMs to interact
with humans to elicit their preferences so that
more human-targeted responses can be generated
accordingly. This tier includes latent human
preferences related questions.

Representative examples for each question type
are illustrated in Figure 2 and the definitions are
detailed in Figure 3.

2.2 PIE Dataset

Utilizing the three-tier engagement criteria, we
construct PIE. In total, we create 853 questions
across the three tiers and six fine-grained types.

Dataset Construction We construct the dataset
following the process illustrated in Figure 4. Specif-
ically, we start from image samples in the GQA
dataset (Hudson and Manning, 2019), ensuring a
broad and representative selection that captures a
diverse distribution of images. We prompt GPT-4o
with human-crafted few-shot examples to generate
the fine-grained types of questions in our defined hi-
erarchy. However, for the latent human preferences
question type, which GPT-4o found particularly
challenging, we engage human annotators to gen-
erate 100 specific questions. In the second round,
we introduce an automated selection criterion to
identify and preserve the most challenging ques-
tion for each image, thereby refining the dataset. To
guarantee high-quality, diverse, and unbiased ques-
tions, we add an addition human annotation stage
to select image-question pairs that meet established
manual quality standards. The full prompt tem-
plates of both components are detailed further in
Appendix A, and the human annotation details are
described in Appendix B. In total, our final filtered
dataset contains 853 high quality image-question
pairs, and the inter-annotator agreement rate based
on Kappa Cohen metric is 92.3%, indicating high
agreement. A detailed breakdown of question type
and occurrence frequency is shown in Figure 5.

Metrics To evaluate the performance of LVLMs
on PIE, we introduce the Align Rate (AR), a met-
ric designed to assess the degree to which a model’s
responses align with the predefined expectations
for each question type:

AR =
∑ I(qi)
Total

I(x) is a function that outputs 1 if the response
to the question qi fully aligns with the human ex-
pectations outlined in Section 2.1, else 0. Partic-
ularly for tier 2 question types, I(x) yields 0.5 if
the response of qi discuss multiple plausible sce-
narios in a single response instead of asking for
clarifications. Total indicates the total number of
questions posed for each type. For implementa-
tion, we utilize LVLM-as-a-judge based automated
pipeline to determine the value of I(x) for each
response (Chen et al., 2024). The prompt we use
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One Question per
Image

92.2%

Keep high-quality pairs

Questions Taxonomy
( Without Tier 3 )

+
Few shot examples

+
Instruction

Questions
Generation Prompt

Image

GPT-4o Five Questions per
Image

Question
Selection Prompt

GPT-4o

Image

Human Annotators

Start

Completed

The GQA Dataset

Dataset
with 9.8k
instances

Dataset with
total 853
instances

Stage 1: Questions Generation Stage 2: Best Question Selection

Stage 3: Dataset Quality Assessment

Write 100 questions for Tier 3

*Inter-Annotator Agreement Rate

Figure 4: Question generation and filtration with GPT-4o and human annotators in the loop for PIE construction.

8%

11.7%

26.1%

18.3%

15.7%

15.5%

12.7%

Subjective Interpretations
132

Subject Ambiguity
108

False Premise
223

Latent Human Preferences
100

Unclear User Background
134

853 out of 9800 instances
are selected by annotators

Unanswerable Questions
156

Figure 5: The question distribution of PIE.

is described in Appendix A. To further verify the
accuracy of LVLM’s judgment, we implement a
human validation process by randomly sampling
100 responses and assess whether its correspond-
ing output value of I(x) determined by GPT-4o is
aligned with human judgment. Upon meticulous
review, we identified only 9 inaccurate judgments
among the 100 samples. This suggests that the
LVLM-as-a-judge pipeline maintains a relatively
high level of effectiveness and accuracy.

To facilitate easier comparisons across PIE, we
define the Aggregated Align Rate (AAR), which
is computed as the macro-average AR across three
tiers. This is achieved by first calculating the AR
for each tier and then taking the average over three
tiers.

Note that PIE primarily evaluates LVLMs’ pro-
ficiency in identifying invalid questions and solicit-
ing clarifications. Additionally, in Section 5.4, we
extend our analysis using PIE to assess how elicit-
ing latent human preferences enhances the quality
of LVLMs’ responses.

3 MACAROON

We introduce MACAROON, self-imagination for
contrastive preference optimization, designed to

enhance the proactive engagement capabilities of
LVLMs. The illustration of MACAROON is depicted
in Figure 6. We start by outlining our method
for constructing a preference dataset through self-
imagination. Next, we detail the training algo-
rithm that effectively utilizes this dataset and the
inference-time strategy. Finally, we describe the
implementation details.

3.1 Self-Imagination

Constructing a preference dataset via human anno-
tations is both resource-intensive and difficult to
expand (Dai et al., 2024). Previous work also relies
on proprietary LVLMs like GPT-4o to generate the
golden responses, assuming that more advanced
models would be available (Li et al., 2023c; Liu
et al., 2023). In our study, we extend the “Constitu-
tional AI” concept (Bai et al., 2022), and introduce
a framework called “self-imagination”, which en-
ables LVLMs to independently enhance their capa-
bilities using human-defined criteria and unlabeled
questions, which can be generated by a specific
model or collected from the web demo.

In MACAROON, we adopt the same pipeline in
PIE construction to generate 6 types of unlabeled
questions defined in our hierarchy. We emphasize
that questions concerning latent human preferences
are also autonomously generated in MACAROON to
enhance scalability. Our approach only requires
human annotators to develop a detailed question
description and define two separate sets of cri-
teria specifying desirable and undesirable behav-
iors in LVLMs for each question type t. The cu-
rated descriptions and criteria are described in Ap-
pendix A. Subsequently, self-imagination is applied
on a question-specific basis. For each question q

t
i
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Preferred Response

Image-Question Pair

+
“You should generate a response that
follows {Criteria for preferred responses}...”

“You should generate a response that
follows {Criteria for rejected responses}...”

+
Image-Question Pair

Question+

Question+

Question+

Image Input
Image Input

Self-Imagination

Base LVLM

Self Imagination
Prompts

Rejected Response

Two sets of 
Human-written Criteria

Stage 1: Data Construction

Stage 2: Conditional Reinforcement Learning 

Rejected
Response

Rejected Reward Token: ‘Bad’

Preferred
Response

Preferred Reward Token: ‘Good’

Instruction Response

Conditioned Loss Applied

Base LVLM

*Inference and Evaluation

Finetuned LVLM

Preferred Reward Token: ‘Good’

Instruction
+

Finetuned LVLM

Preferred
Response

Figure 6: Overview of MACAROON. In the data construction stage, MACAROON avoids using extensive human or
teacher model supervision via self-imagined desirable and undesirable responses based on human-written criteria.
The contrastive response pairs, together with general vision-language instruction tuning samples, are effectively
utilized through conditional reinforcement learning.

in type t, the base LVLM processes the description
of t and each criterion set in sequence, generating
two distinct responses rdi and r

u
i that align with the

criteria for desirable and undesirable responses re-
spectively. Iterating over the unlabeled set of ques-
tions, we can generate a self-supervised dataset D
based on self-imagination: {qti , rdi , rui }Ni=1.

Using subject ambiguity (SA) questions as a run-
ning example, the human-written criteria for a good
response may be “The response asks for clarifica-
tions about which subject in the image is being re-
ferred to.” while the criteria for a bad response may
be “The response directly answers the question by
randomly picking one subject from among several
similar entities in the image.”. Then given an image
containing two men and a corresponding subject
ambiguity question q

SA
1 “Is the man wearing a red

shirt?”, we provide two sets of criteria for the base
LVLM to generate two contrastive responses. Here,
r
d
1 may be “There are two men in the image, which

one you are referring to?” and r
u
1 may be “Yes, the

man in the image is wearing a red shirt.”

3.2 Conditional Reinforcement Learning

We then use the preference dataset constructed
through self-imagination to finetune the base
LVLMs. Specifically, our objectives are twofold:
(1) To instruct LVLMs on proactive human en-

gagement. (2) To preserve the general vision-
language capabilities of LVLMs. To effectively
meet these objectives, we need to integrate the self-
imagination dataset, which includes contrastive re-
sponse pairs for each question, with general vision-
language datasets that often provide only a positive
response for each question. Consequently, standard
preference learning methods such as Direct Prefer-
ence Optimization (Rafailov et al., 2024) are not
directly applicable to this dual objective.

To this end, we utilize conditional reinforce-
ment learning (CRL) to streamline the training
process (Lu et al., 2022b). CRL operates by first
categorizing responses for each question into dis-
tinct groups based on the obtained reward. We
have two groups since only the desirable and unde-
sirable responses are generated for each question.
Each group is assigned with a unique token, and we
choose “good” and “bad” to denote the two types
of responses respectively. During training, the base
LVLM M is trained to generate specific responses
conditioned on the question and associated token:

max
Θ

∑
(qti ,rdi ,rui )∈D

[ logP (rdi ∣“good”, qti ; Θ)
+ logP (rui ∣“bad”, qti ; Θ)] (1)

where Θ represents the parameters of M , qti is the
question in type t, rdi is the desired response, and
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PIE General Vision-Language Task
Tier I Tier II Tier III AAR MME AI2D SEEDBench

FP UQ UUB SA SI LHP Perception Reasoning
LLaVA 0.52 0.69 0.43 0.03 0.14 0.03 0.28 1512.30 308.90 69.0 72.40

ViP 0.06 0.11 0.03 0.01 0.01 0.02 0.04 1264.29 265.0 54.11 67.90
InstructBLIP 0.17 0.38 0.01 0.03 0.0 0.01 0.10 1359.03 289.64 38.83 48.00

MiniCPM 0.45 0.39 0.22 0.05 0.02 0.02 0.18 1411.40 396.80 62.90 67.10
Qwen 0.79 0.70 0.02 0.0 0.06 0.01 0.26 1467.80 392.10 63.0 64.80

MACAROON 0.92 0.99 0.75 0.80 0.88 0.71 0.84 1440.35 311.07 63.34 68.20

Table 1: The experimental results on PIE and general vision-language tasks. For each column, the highest score is
bold and the second highest score is underlined. MACAROON demonstrates significantly better proactive engagement
capabilities and maintains the general visual-language performance.

r
u
i is the undesired response. Through this training

method, we anticipate that LVLMs can learn to gen-
erate appropriate responses based on the question
and the associated token, effectively distinguishing
between desirable and undesirable behaviors.

During inference and evaluation, we prepend the
pre-defined “good” token to each question, consis-
tent with the formats of training data, to ensure that
the generated responses align with our criteria for
proactive engagement and adhere to human-written
standards.

3.3 Implementation Details
In the self-imagination phase, we create a dataset
containing 25K pairwise contrastive responses.
During the conditional reinforcement learning
stage, we separate each pairwise response into two
separate instances and assign “good” and “bad”
reward tokens respectively. In total, our training
dataset includes 50K self-imagined synthetic
preferences samples with over 75K general vision
instruction tuning samples sourced from VLFeed-
Back (Li et al., 2023c). To enhance the training
efficiency, we implement LoRA (Hu et al., 2021)
for continued pretraining based on LLaVA (Liu
et al., 2023). The rank is set to 16, alpha parameter
is set to 16, and dropout probability is set to 0.1.

4 Experiment and Results

4.1 Experimental Setting
To measure the proactive engagement capabilities
of existing LVLMs as well as general vision-
language capabilities, we evaluate LVLMs on
our PIE and also report their performance on
general vision-language benchmarks, including
MME (Fu et al., 2023), AI2D (Kembhavi et al.,
2016), and SEEDBench (Li et al., 2023a). We
consider the following state-of-the-art open-source
LVLMs for comparisons: InstructBLIP (Dai et al.,
2024), Qwen-VL (Bai et al., 2023), MiniCPM-V

(Hu et al., 2024)), LLaVA-NEXT (Liu et al.,
2023), and VIP (Cai et al., 2024). To ensure the
reproducibility of the results, we run inference
with temperature as 0 in the text generation settings
to remove randomness.

4.2 Results
The experimental results are shown in Table 1.
Note that the abbreviations used in the table are
defined as follows: FP stands for False Premise.
UQ stands for Unanswerable Questions. UUB
stands for Unclear User Background. SA stands
for Subject Ambiguity. SI stands for Subjective
Interpretations. LHP stands for Latent Human
Preferences. For PIE, current LVLM performs
best on Tier I questions, which are invalid and
easiest to detect, while performs the worst on
Tier III questions, which are the most challeng-
ing since existing LVLMs are mostly optimized
for single-turn responding without further inter-
action. We observe that MACAROON achieves an
AAR at 0.84, outperforming any other LVLMs on
being proactively engaged to a large extent. For
general vision-language tasks, MACAROON also
demonstrates comparable performance with it be-
ing ranked as second for both SEEDBench and
AI2D, and third for both perception and reasoning
sections in MME. These results confirm that the
MACAROON, while emphasizing proactive engage-
ment, also preserves strong vision-language capa-
bilities, establishing it as an effective framework
for scenarios that demand both proactive interac-
tion and robust vision-language proficiency.

5 Further Analysis

5.1 Ablation Study
We conduct an ablation study to verify different
design choices of MACAROON: (1) w/o r

u
i : we im-

plement supervised fine-tuning (SFT) only on sim-
ple question-preferred response pairs {qti , rdi }Ni=1.
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w/o ud Multi-turn DPO MACAROON

FP UA UUB SA SI LHP AAR
0.00

0.20

0.40

0.60

0.80

1.00

0.29

0.79
0.84

0.74

Figure 7: The performance on PIE when trained using
different alignment methods.

(2) Multi-turn conversational training (Xu et al.,
2023b): we reconstruct our contrastive prefer-
ence dataset into multi-turn conversational data
following this format: {qti , rui , f t

i , r
d
i }Ni=1, where f t

i

is human-crafted feedback on the undesirable re-
sponses for question type t. Utilizing this conversa-
tional data, we finetune a model for maximizing the
likelihood of rdi conditioned on {qti , rui , f t

i }. This
approach enables a unified format for two kinds
of datasets. (3) Direct Preference Optimization
(DPO) with SFT: We utilize DPO for alignment
tuning, leveraging our self-imagined preference
dataset in conjunction with SFT applied to general
instruction tuning datasets.

The results are in Figure 7. Compared to SFT on
only r

d
i , MACAROON achieves higher AR on most

question types and higher AAR as well. These
findings suggest that although SFT on desirable
responses imparts some level of engagement capa-
bility to LVLMs, employing contrastive pairwise
data more effectively instructs LVLMs to differen-
tiate between desirable and undesirable responses,
thereby enhancing their proactive engagement
skills. The comparison of multi-turn conversational
training, DPO with SFT training, and MACAROON
also demonstrates the effectiveness of employing
conditional reinforcement learning in training.

5.2 Data Mixture

To examine the effect of varying data mixture ratios
on model performance, we combine various pro-
portions of the engagement dataset (0.2, 0.4, 0.6,
0.8, and 1.0) with the general visual instruction-
tuning dataset for training. As depicted in Figure 8,
the results generally indicate that an increase in the
proportion of engagement data correlates with both
higher AR for all question types and AAR. Specif-
ically for Subject Ambiguity questions, the AR ex-
periences minimal growth when the mixture ratio
is lower than 0.6, followed by a substantial surge
from less than 0.1 to 0.6 when the ratio increases

0.2 0.4 0.6 0.8 1.0
0.00

0.20

0.40

0.60

0.80

1.00

Ratio of proactive engagement data

False Premise

Unanswerable Questions

Unclear User Background
Tier I:

Subject Ambiguity

Subjective Interpretations

Tier II:
Latent Human Preferences

Tier III:

AARAggregated: 

P
er

fo
rm

a
n

ce

Figure 8: The performance on PIE when trained on
various ratios of proactive engagement data.

from 0.6 to 0.8, indicating an emergent phase.

5.3 Case Study
We conduct a case study to further analyze how
MACAROON performs on proactive engagement.
As illustrated in Figure 9, while LLaVA directly an-
swers the human’s question and gives general rec-
ommendations on buying new chairs, MACAROON
shows proactive engagement by asking for detailed
user preferences such as budget, preferred chair
types or design styles to guide its further response.
In addition, we further assess how MACAROON
adapt to new human information in the next conver-
sation turn, we compose a follow-up human instruc-
tion based on MACAROON’s initial query. Upon
second-turn prompting, MACAROON delivers more
human-tailored and customized recommendations.
This indicates that MACAROON not only success-
fully gains proactive engagement capabilities, but
also exhibits promising multi-turn conversational
skills. This can be attributed to our training strat-
egy that combines the interaction and the general
vision-language data.

5.4 Multi-Turn Conversational Capability
We expand our multi-turn capability evaluation
in Sec 5.3 to include a quantitative analysis of
LVLMs’ responses after the initial interaction. We
utilize GPT-4o to simulate humans to provide fur-
ther information in the second turn if LVLMs ask
for further questions. Subsequently, MACAROON is
prompted again to output a final response based on
the original question and the provided human in-
formation. For automatic evaluation, we use GPT-
4o to assess the final response by comparing it
to responses from other LVLMs based on a sin-
gle interaction round, determining which is more
customized and human-centric. The evaluation
prompt is described in Appendix A. The results
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"Based on the image you provided, it looks like your living room features... Here are a few chair
recommendations that could work well in your living room: 
1. **Fabric Armchair**: A fabric armchair with a modern design can add a pop of color and texture to the room.
2. **Modern Ottoman**: A modern ottoman with storage can add extra seating and functionality to the room.
....
Remember to measure your space to ensure the new chair fits well and doesn't overcrowd your living room."

"Great! I'd be more than happy to help you. Before I make any
recommendations, could you please tell me more about your
preferences? Here are some questions to consider:
1. What is your budget for the chair?
2. Do you prefer a specific type of chair, such as a recliner,
armchair, or accent chair?
3. Do you have any specific design elements in mind, such as a
particular material or pattern?
...
Once I have a better understanding of your preferences, I can
provide more tailored recommendations just for you."

"This is the photo of my living room and I want to buy an additional chair. Any recommendations?"

“Awesome! Based on your preferences, I have a few suggestions for you:
1. Ikea Kivik Armchair - It is modern and comes in a variety of colors,
including beige and gray you like. It's very comfortable and also affordable.
2. West Elm Woven Armchair - This armchair has a woven design that adds
texture and visual interest to your living room.
3. Target Opalhaven Armchair - This armchair is minimalist and stylish, with a
curved backrest that can provide you comfort and support.
...
I hope these can help you find the perfect chair for your living room!”

“Sure! My budget is around $200-$300. And I don't have a specific type of
chair in mind, but I like something comfortable. Moreover, I like modern and
minimalist designs, and I prefer neutral colors such as beige or light grey...
Can't wait for your recommendations!”

"This is the photo of my living room and I want to buy an
additional chair for it. Any recommendations?"

Turn 1Turn 1Turn 1 Turn 2Turn 2

LLaVA

MACAROON

Figure 9: MACAROON can ask for humans preferences and give a effective and human-tailored final answer after the
human gives additional information in second turn, indicating MACAROON’s multi-turn conversational capabilities.
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Figure 10: The final responses given by MACAROON
in the second conversation round are judged as more
user-tailored than the responses given by any other main-
stream LVLMs in one round.

depicted in Figure 10 demonstrate that MACAROON
consistently surpasses other LVLMs in enabling
effective engagement with humans to extract pref-
erences for improved responses. This evidence
also supports the generalizability of our method,
as LVLMs, trained only on single-turn proactive
engagement and general visual-language samples,
are capable of generating more meaningful and
tailored responses from the initial interaction.

6 Related Work

Multimodal pretraining has significantly advanced
the landscape of vision-language tasks, with the
emergence of unified pre-training frameworks
designed to handle a diverse set of cross-modal
and unimodal tasks (Cho et al., 2021; Alayrac
et al., 2022; Lu et al., 2022a). More recently, there
has been increasing interest in visual instruction
tuning (Liu et al., 2023; Dai et al., 2024) as
a pivotal methodology in the development of
general-purpose LVLMs, enhancing their emergent

in-context learning vision-language reasoning
capabilities from zero-shot textual instruction
and few-shot demonstration. Building upon this
paradigm, later work further explores visual
instruction tuning variations that incorporate better
text reading localization (Bai et al., 2023), OCR
reading capability (Liu et al., 2024), object attribute
relations (Zhao et al., 2022), open world knowledge
(Liu et al., 2024), and efficiency considerations
(Hu et al., 2024). Nevertheless, LVLMs are prone
to unexpected behaviors that may not align well
with human intents (Qiu et al., 2024; Wang et al.,
2024). Towards this end, there has been work such
as Llava-Guard for ensuring the safety compliance
of visual content against toxicity or violent-prone
threats (Helff et al.). However, directly mitigating
multimodal hallucination is largely an unexplored
research area that our work proposes to address.
We further discuss related work on efforts to
reduce hallucination and understand intents for
LLMs in Appendix C due to space limits.

7 Conclusions

In this work, we introduce PIE, rooted in a multi-
tiered question hierarchy, to systematically explore
significant limitations in the proactive engagement
capabilities of LVLMs. Additionally, we present
MACAROON, which employs self-generated con-
trastive response pairs in a conditional reinforce-
ment learning setting, enabling LVLMs to engage
more effectively with humans.
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Limitations

We focus solely on exploring the proactive engage-
ment capabilities of LVLMs within the English
language domain. Additionally, the visual context
is limited to single image frames sourced from a
high-quality VQA dataset. Future research could
benefit from exploring embodied AI procedural
planning based on temporal image sequence (i.e.,
video) cues, which may offer a richer and more
dynamic dimension for investigation.

Ethical Considerations

This research explores advancements in LVLMs
with the intention of enhancing human-AI interac-
tion. While our approach aims to refine and im-
prove the capabilities of LVLMs, it also raises sev-
eral ethical considerations to ensure the responsible
development and deployment of such technologies.

Firstly, the ability of these models to challenge
the premise of user questions may introduce ethical
concerns related to the manipulation of informa-
tion and user persuasion. It is important to estab-
lish clear guidelines that prevent these models from
potentially shaping user beliefs or spreading misin-
formation under the guise of offering clarifications.
The models must adhere to strict standards of neu-
trality and fact-based responses, especially in sensi-
tive areas such as politics, health, and legal advice.

Secondly, there is an ethical imperative to con-
sider the inclusivity and fairness of these models.
The risk of bias in AI responses remains a signifi-
cant concern, particularly when models are trained
on datasets that may not be fully representative of
the diversity of users they will serve. Continuous ef-
forts must be made to ensure that these LVLMs do
not perpetuate or exacerbate existing biases. This
includes rigorous testing across diverse demograph-
ics and scenarios to identify and mitigate biases.

Thirdly, the deployment of more interactive and
seemingly intelligent systems raises concerns about
the blurring lines between human and machine
roles. There is a risk that users may over-rely on AI
for critical decision-making or develop unrealistic
expectations about the capabilities of these systems.
It is essential to maintain transparency about the
limitations of LVLMs and provide clear communi-
cation to users regarding the nature of AI-generated
advice and its appropriate uses.

Acknowledgement

This research is based upon work supported
DARPA ITM Program No. FA8650-23-C-7316
and the AI Research Institutes program by National
Science Foundation and the Institute of Education
Sciences, U.S. Department of Education through
Award # 2229873 - AI Institute for Transforming
Education for Children with Speech and Language
Processing Challenges. The views and conclusions
contained herein are those of the authors and should
not be interpreted as necessarily representing the
official policies, either expressed or implied, of
the U.S. Government. The U.S. Government is
authorized to reproduce and distribute reprints for
governmental purposes notwithstanding any copy-
right annotation therein.

References
Josh Achiam, Steven Adler, Sandhini Agarwal, Lama

Ahmad, Ilge Akkaya, Florencia Leoni Aleman,
Diogo Almeida, Janko Altenschmidt, Sam Altman,
Shyamal Anadkat, et al. 2023. Gpt-4 technical report.
arXiv preprint arXiv:2303.08774.

Jean-Baptiste Alayrac, Jeff Donahue, Pauline Luc,
Antoine Miech, Iain Barr, Yana Hasson, Karel
Lenc, Arthur Mensch, Katherine Millican, Malcolm
Reynolds, et al. 2022. Flamingo: a visual language
model for few-shot learning. Advances in neural
information processing systems, 35:23716–23736.

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang,
Sinan Tan, Peng Wang, Junyang Lin, Chang Zhou,
and Jingren Zhou. 2023. Qwen-vl: A versatile vision-
language model for understanding, localization, text
reading, and beyond.

Yuntao Bai, Saurav Kadavath, Sandipan Kundu,
Amanda Askell, Jackson Kernion, Andy Jones,
Anna Chen, Anna Goldie, Azalia Mirhoseini,
Cameron McKinnon, et al. 2022. Constitutional
ai: Harmlessness from ai feedback. arXiv preprint
arXiv:2212.08073.

Mu Cai, Haotian Liu, Siva Karthik Mustikovela, Gre-
gory P. Meyer, Yuning Chai, Dennis Park, and
Yong Jae Lee. 2024. Making large multimodal mod-
els understand arbitrary visual prompts. In IEEE
Conference on Computer Vision and Pattern Recog-
nition.

Dongping Chen, Ruoxi Chen, Shilin Zhang, Yinuo
Liu, Yaochen Wang, Huichi Zhou, Qihui Zhang,
Pan Zhou, Yao Wan, and Lichao Sun. 2024. Mllm-
as-a-judge: Assessing multimodal llm-as-a-judge
with vision-language benchmark. arXiv preprint
arXiv:2402.04788.

7723

http://arxiv.org/abs/2308.12966
http://arxiv.org/abs/2308.12966
http://arxiv.org/abs/2308.12966


Yangyi Chen, Karan Sikka, Michael Cogswell, Heng Ji,
and Ajay Divakaran. 2023. Measuring and improv-
ing chain-of-thought reasoning in vision-language
models. arXiv preprint arXiv:2309.04461.

Jaemin Cho, Jie Lei, Hao Tan, and Mohit Bansal. 2021.
Unifying vision-and-language tasks via text genera-
tion. In International Conference on Machine Learn-
ing, pages 1931–1942. PMLR.

Jeremy Cole, Michael Zhang, Daniel Gillick, Julian
Eisenschlos, Bhuwan Dhingra, and Jacob Eisenstein.
2023. Selectively answering ambiguous questions.
In Proceedings of the 2023 Conference on Empiri-
cal Methods in Natural Language Processing, pages
530–543, Singapore. Association for Computational
Linguistics.

Wenliang Dai, Junnan Li, Dongxu Li, Anthony
Meng Huat Tiong, Junqi Zhao, Weisheng Wang,
Boyang Li, Pascale N Fung, and Steven Hoi.
2024. Instructblip: Towards general-purpose vision-
language models with instruction tuning. Advances
in Neural Information Processing Systems, 36.

Chaoyou Fu, Peixian Chen, Yunhang Shen, Yulei Qin,
Mengdan Zhang, Xu Lin, Zhenyu Qiu, Wei Lin, Jin-
rui Yang, Xiawu Zheng, Ke Li, Xing Sun, and Ron-
grong Ji. 2023. MME: A comprehensive evaluation
benchmark for multimodal large language models.
CoRR, abs/2306.13394.

Lukas Helff, Felix Friedrich, Manuel Brack, Patrick
Schramowski, and Kristian Kersting. Llavaguard:
Vlm-based safeguard for vision dataset curation and
safety assessment.

Edward J Hu, Yelong Shen, Phillip Wallis, Zeyuan
Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang,
and Weizhu Chen. 2021. Lora: Low-rank adap-
tation of large language models. arXiv preprint
arXiv:2106.09685.

Shengding Hu, Yuge Tu, Xu Han, Chaoqun He, Ganqu
Cui, Xiang Long, Zhi Zheng, Yewei Fang, Yuxi-
ang Huang, Weilin Zhao, et al. 2024. Minicpm:
Unveiling the potential of small language models
with scalable training strategies. arXiv preprint
arXiv:2404.06395.

Drew A. Hudson and Christopher D. Manning. 2019.
Gqa: A new dataset for real-world visual reasoning
and compositional question answering. In Proceed-
ings of the IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition (CVPR).

Aniruddha Kembhavi, Mike Salvato, Eric Kolve,
Min Joon Seo, Hannaneh Hajishirzi, and Ali Farhadi.
2016. A diagram is worth a dozen images. In Com-
puter Vision - ECCV 2016 - 14th European Confer-
ence, Amsterdam, The Netherlands, October 11-14,
2016, Proceedings, Part IV, volume 9908 of Lecture
Notes in Computer Science, pages 235–251. Springer.

Bohao Li, Rui Wang, Guangzhi Wang, Yuying Ge, Yix-
iao Ge, and Ying Shan. 2023a. Seed-bench: Bench-
marking multimodal llms with generative compre-
hension. CoRR, abs/2307.16125.

Junnan Li, Dongxu Li, Silvio Savarese, and Steven C. H.
Hoi. 2023b. BLIP-2: bootstrapping language-image
pre-training with frozen image encoders and large
language models. In International Conference on
Machine Learning, ICML 2023, 23-29 July 2023,
Honolulu, Hawaii, USA, volume 202 of Proceedings
of Machine Learning Research, pages 19730–19742.
PMLR.

Lei Li, Zhihui Xie, Mukai Li, Shunian Chen, Peiyi
Wang, Liang Chen, Yazheng Yang, Benyou Wang,
and Lingpeng Kong. 2023c. Silkie: Preference dis-
tillation for large visual language models. arXiv
preprint arXiv:2312.10665.

Haotian Liu, Chunyuan Li, Yuheng Li, Bo Li, Yuanhan
Zhang, Sheng Shen, and Yong Jae Lee. 2024. Llava-
next: Improved reasoning, ocr, and world knowledge.

Haotian Liu, Chunyuan Li, Qingyang Wu, and Yong Jae
Lee. 2023. Visual instruction tuning. In Advances in
Neural Information Processing Systems 36: Annual
Conference on Neural Information Processing Sys-
tems 2023, NeurIPS 2023, New Orleans, LA, USA,
December 10 - 16, 2023.

Jiasen Lu, Christopher Clark, Rowan Zellers, Roozbeh
Mottaghi, and Aniruddha Kembhavi. 2022a. Unified-
io: A unified model for vision, language, and multi-
modal tasks. In The Eleventh International Confer-
ence on Learning Representations.

Ximing Lu, Sean Welleck, Jack Hessel, Liwei Jiang,
Lianhui Qin, Peter West, Prithviraj Ammanabrolu,
and Yejin Choi. 2022b. Quark: Controllable text
generation with reinforced unlearning. Advances in
neural information processing systems, 35:27591–
27609.

Haoyi Qiu, Wenbo Hu, Zi-Yi Dou, and Nanyun Peng.
2024. Valor-eval: Holistic coverage and faithfulness
evaluation of large vision-language models.

Rafael Rafailov, Archit Sharma, Eric Mitchell, Christo-
pher D Manning, Stefano Ermon, and Chelsea Finn.
2024. Direct preference optimization: Your language
model is secretly a reward model. Advances in Neu-
ral Information Processing Systems, 36.

Omar Shaikh, Kristina Gligorić, Ashna Khetan,
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Appendix

A Prompt

Sections A.1 and A.2 describe the prompts utilized
in the data construction process for PIE with GPT-
4o. Section A.3 comprises prompts that enable
GPT4-o to assess the alignment of model responses
with human expectations, thereby facilitating the
calculation of the Alignment Rate (AR). Sections
A.4 and A.5 present the self-imagination prompts
for preferred and rejected responses, respectively.
Sections A.6 and A.7 detail the prompts used in the
advanced analysis of the multi-turn conversational
capabilities of MACAROON. Specifically, Section
A.6 includes prompts for GPT-4o to simulate hu-
man feedback, while Section A.7 involves prompts
to compare the final responses of MACAROON with
those of other baselines to determine which is more
user-tailored.

A.1 Questions Generation Prompt

Your task is to generate five diverse am-
biguous questions for a vision language
model to answer when it is given an
image. We expect the vision language
model to ask further clarification ques-
tions when given ambiguous questions,
or say ‘I don’t know’ when given unan-
swerable questions, or challenge false
assumptions when given false premises
questions. Each question should match
one following category. Try to be cre-
ative and diverse. Do not just follow the
examples given but try to think about new
types according to the category explana-
tion.
1. Subject Ambiguity: When the im-
age has multiple people or objects of
the same type, generate an ambiguous
question that does not clearly specify
which individual person or object is be-
ing asked. When given this type of ques-
tion, further clarifying questions such
as ‘Which person you are asking about?’
are expected. Don’t generate questions
that can be directly answered without
further asking. For example, if there are
multiple men in the image, instead of ask-
ing ‘Who is wearing sunglasses?’ which
can lead to a specific answer such as

’A and B’, ask ‘Is the man wearing sun-
glasses?’ by not indicating which spe-
cific man you are referring to. If there’s
only one person or object of the same
type in the image, then output ’N/A’ for
this category.
2. Unclear User Background: Questions
that compare the scenes or persons with
you when no information about you is
provided: (e.g.: ‘Is the car the same
color as mine?’ without information
about which color your car is.).
3. Subjective Interpretations: Questions
that rely on subjective judgment without
clear criteria or objective standards are
given. (e.g., ‘Which painting is the best?’,

‘Is this style modern?’ where ‘best’ and
‘modern’ are subjective words and no
clear criteria are given to help make in-
terpretations.
4. Unanswerable Questions: Questions

7725

https://proceedings.neurips.cc/paper_files/paper/2023/file/b8c90b65739ae8417e61eadb521f63d5-Paper-Conference.pdf
https://proceedings.neurips.cc/paper_files/paper/2023/file/b8c90b65739ae8417e61eadb521f63d5-Paper-Conference.pdf
https://proceedings.neurips.cc/paper_files/paper/2023/file/b8c90b65739ae8417e61eadb521f63d5-Paper-Conference.pdf
https://doi.org/10.48550/ARXIV.2306.09265
https://doi.org/10.48550/ARXIV.2306.09265
https://doi.org/10.48550/ARXIV.2306.09265
http://arxiv.org/abs/2311.09677
http://arxiv.org/abs/2311.09677
http://arxiv.org/abs/2305.13669
http://arxiv.org/abs/2305.13669
http://arxiv.org/abs/2305.13669
https://doi.org/10.48550/ARXIV.2207.00221
https://doi.org/10.48550/ARXIV.2207.00221


that completely cannot be answered or
inferred based on the image alone, even
with clarification questions (e.g., ‘What
is the name of the person in the image?’
when the image does not contain any text
or name tags). Avoid questions that have
uncertainty or ambiguity on whether they
can be answered.
5. False Premise: Tricky Questions that
give false premises or incorrect assump-
tions. (e.g., ‘Is the woman wearing a red
shirt’ for an image containing two men
and one of them is wearing a red shirt
is a tricky false premise question since
there is no woman. Or ‘What type of
plants are visible on the balcony outside
the window?’ when there is indeed a bal-
cony outside the window but there are no
plants.) The goal of this category is to
fool the model so that it will fail to point
out the false assumptions.

A.2 Questions Selection Prompt
Given the image and the five correspond-
ing questions listed below, please select
a question that is most likely to lead to
additional clarification questions, a re-
sponse of ‘I cannot answer this ques-
tion from the image,’ or challenges to the
false assumptions in the question. The se-
lected question should elicit uncertainty
or a need for more information. Here are
the standards for each question type that
you should refer to when you are making
decisions on which one is the most am-
biguous:
1. Subject Ambiguity: Questions that do
not specify which object or which person
is being asked when the image has mul-
tiple people or objects of the same type
are considered subject ambiguous. Ques-
tions that can be directly answered with-
out further clarification should be con-
sidered bad. For example, ‘Is he wearing
a hat?’ where there are two men in the
image is a good subject ambiguity ques-
tion. However, ‘Which person is wearing
a hat?’ is a bad one since it can be di-
rectly answered.
2. Unclear User Background: Questions
that compare the scenes or persons with
you when no information about you is

provided is considered good.
3. Subjective Interpretations: Questions
that rely on subjective judgment but no
detailed and clear objective criteria are
given. Questions that use subjective
words which most humans would not
have a consensus on the definition should
be considered good.
4. Unanswerable Questions: Questions
that completely cannot be answered or
inferred based on the image alone, even
with clarification questions. Questions
that may raise uncertainty or ambiguity
on whether they can be answered should
be considered bad.
5. False Premise: Tricky Questions that
give false premises or incorrect assump-
tions. Questions that are tricky enough
to fool the model so that it will fail to
point out the false assumptions should
be considered good.
Here are the questions you should
consider, evaluate, and choose one
from: {Question1, Question2, Ques-
tion3, Question4, Question5}

A.3 Responses Judgement Prompt
A.3.1 False Premise

Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the
image, and the model’s reply to that ques-
tion. The user’s question may include in-
accuracies or false assumptions regard-
ing the image.
Your task is to determine whether the
model’s reply addresses and corrects
these errors or misconceptions. If the
model’s response successfully corrects
the incorrect information or assumptions
in the user’s question, mark it as True. If
not, mark it as False.

A.3.2 Unanswerable Questions
Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the im-
age, and the model’s reply to that ques-
tion. The user’s question is unanswer-
able just by looking at the image itself.
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Your task is to determine whether the
model’s reply is stating that the question
is unanswerable based on the image pro-
vided. If the model’s response indicates
its inability to answer the question, mark
it as True. If not, mark it as False.

A.3.3 Subject Ambiguity
Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the
image, and the model’s reply to that ques-
tion. The user’s question may be ambigu-
ous or unclear about which object it is
referring to when there are multiple sim-
ilar objects in the image.
Your task is to determine whether the
model’s reply is asking for clarifications
about which object it should target. If the
model’s response asks for further clari-
fications from the user about which spe-
cific object it should target to, mark it as
True. If the response answers the ques-
tion by stating every object’s condition,
mark it as Ambiguous. If the model di-
rectly target one random object in the
image without any asking or answering
from all aspects, mark it as False.

A.3.4 Subjective Interpretations
Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the im-
age, and the model’s reply to that ques-
tion. The user’s question may contain
some adjectives, which different people
will have different opinions on how to
evaluate it. Your task is to determine
whether the model’s reply asks for objec-
tive standards to determine whether the
image can be described by that adjective.
If the model’s response successfully asks
for objective standards from the user,
mark it as True. If the response tries
to give an answer but also states that the
judgment can be subjective, mark it as
Ambiguous. If the model directly makes
judgement on the image or the object in
the image and gives subjective interpre-
tations, mark it as False.

A.3.5 Unclear User Background
Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the
image, and the model’s reply to that ques-
tion. The user’s question may be compar-
ing something in the image to something
about the user itself.
Your task is to determine whether the
model’s reply asks for specific informa-
tion about the user so that it can answer
the question precisely. If the model’s re-
sponse successfully asks for the user’s
information or background, mark it as
True. If the response answers the ques-
tion by giving different answers based
on different potential user backgrounds,
mark it as Ambiguous. If the model di-
rectly answers the question with some
assumptions about the user, mark it as
False.

A.3.6 Latent Human Preferences
Your job is to review a response given
by a vision-language model. You will
receive the image given to the user, the
question posed by a user based on the im-
age, and the model’s reply to that ques-
tion. The user’s question may contain
some hidden human preferences that re-
quire the model to ask further questions
to give the best answer.
Your task is to determine whether the
model’s reply asks for more detailed hu-
man preferences so that it can give the
best answer to tailor to the user’s needs.
If the model’s response successfully asks
for more detailed human preferences,
mark it as True. If not, mark it as False.

A.4 Self-Imagination Prompt for Preferred
Responses

A.4.1 False Premise
Please observe the image and generate
a response to the question provided. You
should point out and challenge the false
assumptions in the question.
For example, if there is a dog laying on
the floor in the image and the question is

‘What color is the cat laying on the floor?’
you should generate a response such as
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‘There is no cat in the image. There’s only
a dog lying on the floor’. The question
provided is: {Question}

A.4.2 Unanswerable Questions
Please observe the image and generate
a response to the question provided. You
should point out that the question cannot
be answered based on the image alone.
For example, if the question is ‘What is
the name of the person in the image?’
you should generate a response such as

‘I cannot answer this question based on
the image alone since there are no text or
name tags in the image.’. The question
provided is: {Question}

A.4.3 Subject Ambiguity
Please observe the image and generate
a response to the question provided. You
should ask for further clarification about
which subject the question is referring
to.
For example, if the image contains two
men and the question is ‘Is the man wear-
ing a tie?’, you should generate a re-
sponse such as ‘There are two men in
the image. Which one you are asking?’.
The question provided is: {Question}

A.4.4 Subjective Interpretations
Please observe the image and generate
a response to the question provided. You
should further ask for clarification about
the standard or criteria used to judge the
subjective interpretations.
For example, if the question is ‘Which
painting is the best?’ you should gen-
erate a response such as ‘Do you have
any specific criteria to judge the best
painting?’. The question provided is:
{Question}

A.4.5 Unclear User Background
Please observe the image and generate
a response to the question provided. You
should ask for further clarification about
the user’s background.
For example, if the question is ‘Is the car
the same color as mine?’ you should
generate a response such as ‘Could
you please tell me what color your car

is so that I can answer this question
precisely?’. The question provided is:
{Question}

A.4.6 Latent Human Preferences
Please observe the image and generate
a response to the question provided. You
should ask questions to elicit more infor-
mation about the user’s preferences.
For example, if the image depicts a se-
vere weather condition, and the question
is ‘Can you recommend some cars that
can handle this severe weather condition
for me?’. Then you should generate a re-
sponse such as ‘Sure! Before I give you
recommendations, can you share with me
more of your preferences? For instance,
what is your budget? Do you prefer an
SUV or a Sedan? How much seating ca-
pacity do you need? Do you have any
preferred brands?’. The question pro-
vided is: {Question}

A.5 Self-Imagination Prompt for Rejected
Responses

A.5.1 False Premise
Please observe the image and generate
a response to the question provided. You
should not point out and challenge the
false assumptions in the question. In-
stead, you should be ‘fooled’ by the false
assumptions and generate an answer
based on that.
For example, if there is a dog lying on
the floor in the image and the question
is ‘What color is the cat laying on the
floor?’ you should generate a response
such as ‘The cat laying on the floor is in
yellow and white.’. You should not indi-
cate that you cannot answer the question
since there are false premises or chal-
lenge the false premises by stating ‘There
are no xxx in the image’. You should just
follow the false premises and generate an
answer based on that. Remember, don’t
say that you are making up something.
Just give an answer. The question pro-
vided is: {Question}

A.5.2 Unanswerable Questions
Please observe the image and generate
a response to the question provided. You
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should not point out that the question
cannot be answered based on the image
alone. Instead, you should forcibly gen-
erate an answer to the question, maybe
by making up something.
For example, if the question is ‘What is
the name of the person in the image?’
you should generate a response such as

‘The name of the person in the image is
Anderson.’. Remember, you should not
indicate that you cannot answer the ques-
tion based on the image. You should
make up something and give an answer
that may make no sense at all. But re-
member don’t say that you are making
those up. Just give an answer. The ques-
tion provided is: {Question}

A.5.3 Subject Ambiguity
Please observe the image and generate
a response to the question provided. You
should not ask for further clarification
about which subject the question is re-
ferring to. Instead, you should randomly
pick one of the subjects in the image and
answer the question based on that sub-
ject.
For example, if the image contains two
men and the question is ‘Is the man wear-
ing a tie?’, you should generate a re-
sponse such as ‘Yes, the man is wear-
ing a tie.’. Don’t answer the question
by describing the situations of different
subjects in the image respectively. Just
randomly pick one to answer. The ques-
tion provided is: {Question}

A.5.4 Subjective Interpretations
Please observe the image and generate
a response to the question provided. You
should not further ask for clarification
about the the standard or criteria used
to judge the subjective interpretations.
Instead, you should directly answer the
question based on the standard or crite-
ria you imagined. And you should not
state that ‘Different people have differ-
ent opinions’ or ‘It depends on personal
preference’.
For example, if the question is ‘Which
painting is the best?’ you should gen-
erate a response such as ‘The painting

on the left is the best since it’s more
colorful.’. The question provided is:
{Question}

A.5.5 Unclear User Background
Please observe the image and generate
a response to the question provided. You
should not ask for further clarification
about the user’s background. Instead,
you should directly answer the question
based on the user background you imag-
ined.
For example, if the question is ‘Is the car
the same color as mine?’ you should gen-
erate a response such as ‘Yes, the car is
in white so it’s the same color as yours.’.
Don’t indicate that you need more infor-
mation to answer the question. Just make
up something. The question provided is:
{Question}

A.5.6 Latent Human Preferences
Please observe the image and generate
a response to the question provided. You
should not ask questions to elicit more
information about the user’s preferences.
Instead, you should directly answer the
question in a general way.
For example, if the image depicts a se-
vere weather condition, and the question
is ‘Can you recommend some cars that
can handle this severe weather condi-
tion for me?’. Then you should gener-
ate a response such as ’Sure! I recom-
mend you to consider SUVs or Sedans
with 4-wheel drive. Some popular mod-
els are Toyota RAV4, Honda CR-V, and
Subaru Outback.’. The question provided
is: {Question}

A.6 Human Feedback Simulation Prompt
You will be provided with an image, a
question, and two responses generated
by a vision language model when it was
given the image and the question. One is
the initial answer generated by the model,
and the other is the final answer gener-
ated by the model for the second attempt
after the human gave feedback on the ini-
tial answer. The final answer is accepted
by the human.
Please evaluate these two answers and
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imagine the feedback given by the hu-
man to the model’s initial answer. For
example, if the image contains two men
and the question is ‘Is the man wearing
a red shirt?’. The initial answer is ‘Yes,
the man is wearing a red shirt.’ and the
final answer is ‘There are two men in
the image, which one you are referring
to?’. Then the feedback may be ‘The
question is ambiguous on which subject
it is referring to. You may need to ask for
clarification about it.’
You should imagine that you are a human
and are talking to the vision language
model directly. Keep the feedback short
and concise. Just write down the feed-
back you would give to the model’s initial
answer, do not give additional explana-
tions or comments. Here is the question
given: {Question}.
Here is the initial response generated by
the model:{Rejected Response}.
And here is the final answer generated
after feedback was given: {Preferred
Response}.

A.7 Responses comparison for Multi-turn
Conversation

You will receive an image and a ques-
tion about the image. You will also be
provided with the human needs stated in
natural language. And you will receive
two separate responses to the question.
Your job is to evaluate which response is
more user-tailored and more customized
to the user’s needs.
Here’s the question: {Question}
Here’s the first response to the question:
{Response1}
And here’s the second response to the
question: {Response2}
Please tell me which one is more user-
tailored and give me an answer in ’first’
or ’second’. Do not include any other
information in your response.

B Human Annotations

B.1 Annotation Details

We ask 2 human annotators to validate each dataset
instance generated and filtered by GPT-4o. The
annotations should follow 3 principal criteria. First,

the test case should exactly follow the definition
of the question type. Second, the human annota-
tors need to ensure the diversity of the questions
distributed in the dataset. Finally, the human anno-
tators need to discard those test cases that contain
bias in the questions or images. The annotation
document is outlined in the next subsection.

B.2 Annotation Document

Guidance Document for Annotators to
Evaluate Vision-Language Model Ques-
tions
Introduction
This document serves as a guide for an-
notators tasked with examining the qual-
ity of questions generated by a vision-
language model. The objective is to iden-
tify questions that prompt further clarifi-
cation, challenge incorrect assumptions,
or are inherently unanswerable based
solely on the image provided. These
questions are essential for improving the
model’s interaction quality and training
it to handle real-world complexities.
Task Description
Annotators will review sets of questions
generated by the model in response to
various images. Each question should be
evaluated to determine if it likely leads
to further clarifications, cannot be an-
swered from the image, or involves chal-
lenging a false premise. The goal is to
select questions that elicit uncertainty or
a need for additional information.
Selection Standards
1. Subject Ambiguity Good: Questions
that do not specify which object or per-
son is being referred to when multiple
similar entities are present. Example:

”Is he wearing a hat?” where the image
shows two men.
2. Unclear User Background Good:
Questions that make comparisons or ref-
erences to the user’s perspective without
any given information about the user.
3. Subjective Interpretations Good:
Questions that rely on subjective judg-
ment lacking clear criteria or specific hu-
man preference, and use subjective terms
broadly interpretable. Example: ”Does
the scene look peaceful?”
4. Unanswerable Questions Good: Ques-
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tions that absolutely cannot be answered
based on the image alone. Example:

”What is the person’s name?” Bad: Ques-
tions that raise potential uncertainty or
ambiguity about whether it can be an-
swered.
5. False Premise Good: Questions based
on incorrect assumptions or premises
that are likely to mislead the model. Ex-
ample: ”Is the cat climbing the tree?”
when there is no cat in the image.
General Guidelines for Selection
Diversity: Ensure a wide range of ques-
tion types and subjects to avoid repeti-
tive patterns. Harmlessness: Questions
must not contain or imply harm, abuse,
or unethical contexts. Bias-Free: Avoid
selecting questions that may perpetuate
stereotypes or discriminatory views.
Reporting
Annotators are required to document
each selected question along with a brief
justification based on the above cate-
gories. Include any observations about
the question’s potential to engage users
in meaningful dialogue or expose limita-
tions in the model’s understanding.
Conclusion
Your meticulous attention to detail and
thoughtful analysis are crucial in refin-
ing the model’s capacity to interact in-
telligently and empathetically. By adher-
ing to these guidelines, you help advance
our goal of developing a more responsive
and understanding AI.

C Related Work on Efforts to Reduce
Hallucination and Understand Intents
for LLMs

Efforts to mitigate hallucinations and understand
user intents in LLMs have seen significant progress.
For instance, Wu et al. (2023) introduce Fine-
Grained RLHF, utilizing detailed human feedback
to correct false or irrelevant outputs, providing
segment-level rewards and employing multiple re-
ward models to improve detoxification and long-
form question answering. Additionally, Cole et al.
(2023) address the challenge of answering am-
biguous questions by using sampling-based con-
fidence scores to enhance response accuracy and
reliability. Moreover, Shaikh et al. (2024) empha-
size the importance of conversational grounding,

showing that large language models often lack ef-
fective dialogue acts for human-like interactions.
Notably, Zhang et al. (2024) tackled hallucina-
tion through Refusal-Aware Instruction Tuning (R-
Tuning), training models to refrain from answering
questions beyond their knowledge, thereby improv-
ing response accuracy. Xu et al. (2024) propose to
use reinforcement learning to calibrate the confi-
dence estimates of LLMs. Another study by Zhang
et al. (2023) presents MixAlign, a framework de-
signed to bridge the gap between human and ex-
ternal knowledge, significantly reducing hallucina-
tions and improving model performance through
both automatic processes and user clarifications.
These efforts collectively underscore the critical
need for improved methods to handle hallucina-
tions and better understand user intents, ensuring
the reliability and accuracy of AI systems.
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