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ABSTRACT

Enhancing semantic grounding abilities in Vision-Language Models (VLMs) often
involves collecting domain-specific training data, refining the network architectures,
or modifying the training recipes. In this work, we venture into an orthogonal
direction and explore semantic grounding in VLMs through self-correction, without
requiring in-domain data, fine-tuning, or modifications to the network architec-
tures. Despite the concerns raised in the self-correction of LLMs, we find that if
prompted and framed properly, VLMs can correct their own semantic grounding
mistakes even without the access to the oracle feedback. We also show an identi-
fied self-correction framework in an iterative setting which consistently improves
performance across all models investigated. Overall, iterative self-correction consis-
tently improves VLM performance by up to 8.4 accuracy points across all models
investigated; yet, after several rounds of feedback, strong models like GPT-4V
and GPT-4o still exhibit significant error rates, indicating promising directions for
further research.

1 INTRODUCTION

The evolution of Large Language Models (LLMs) to encompass multimodal inputs has given rise to an
emerging paradigm of general-purpose models that can solve multimodal understanding problems via
user-prompt interaction (Touvron et al.| [2023; |Team et al., 2024; 2023} [Yang et al.| | 2023b; McKinzie
et al.,|2024). Vision-Language Models (VLMs) are a growing family of multimodal models that
simultaneously understand both visual and language cues. These models have demonstrated strong
zero-shot performance on tasks including image classification (Deng et al.,|2009)), captioning (Young
et al., 2014), visual question answering (Antol et al.||[2015;|Goyal et al., 2017), reasoning (Yu et al.|
20165 | Yuksekgonul et al., 2023)) and robotics (Cui et al., 2024} Nasiriany et al., 2024b)).

Despite VLMs’ strong visual-language understanding abilities, fine-grained visual grounding remains
a challenge. Specifically, VLMs struggle to understand region-specific information within complex
scenes, for example, when the models are prompted to describe specific objects within a crowded
image (Chen et al.| [2023; [Yang et al.| [2023a; |You et al., 2023) (See Fig@. Prior works address
this limitation with additional in-domain data (Guo et al., 2024; [Lin et al., |[2023; L1 et al., [2023),
finetuning, or architectural changes (L1 et al.,|2024; [Liu et al., [2024). However, these approaches
demand considerable cost in compute (Cai et al.; 2023;|You et al.| [2023). Therefore, enhancing VLMs
for fine-grained visual grounding without significant computational overhead remains a challenge.

On the other hand, the adjacent LLMs literature has demonstrated that LLMs can correct their own
mistakes (Madaan et al.| [2024; [Shinn et al.| 2023), suggesting a potential way to improve VLMs
without additional training. This behavior is coined as self-correction, a framework that refines
responses from LLMs using LLMs during inference, possibly with external tools or knowledge (Chen
et al.,[2024; Gou et al., [2024). However, follow-up works in LLMs |Kamoi et al.|(2024); Huang et al.
(2023) argue that LLMs struggle to self-correct without the access to oracle feedback. Up to now,
there is no clear consensus on when LLMs can effectively perform self-correction (Kamoi et al.|
2024). Prior work suggests self-correction is limited by feedback quality (Gou et al.| 2024} Olausson
et al.,[2024)) and is more reliable with tools like search engines or compilers (Huang et al., [2023)).

In this work, we explore self-correction in VLMs with a focus on multi-modal understanding
connecting language to visual concepts—a largely unexplored area to date. Specifically, we investigate
self-correction within semantic grounding tasks, as illustrated in Fig[I]. Semantic grounding is well-
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........................................................
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Figure 1: Enhancing semantic grounding in VLMs through self-correction. We explore to improve
semantic grounding in VLMs through self-correction, without the needs of in-domain data, fine-
tuning, or architectural changes. For self-correction, we adopt the setup involving explicit feedback
generation. When provided with an image and a specified region, a VLM identifies the semantic
properties of the image region. An automated feedback-based verification mechanism facilitates an
interaction between the VLM and a “Verifier’ to improve the VLM’s initial understanding.

suited for this exploration because it demands the integration of language and visual concepts,
requires fine-grained visual understanding, and involves multi-modal reasoning, all of which have
significant real-world applications as well as the task itself (Vasudevan et al.| 2018; Mitchell et al.|
2013} [Deruyttere et al.,[2019). More importantly, VLMs have demonstrated the ability to provide
useful feedback in some visual tasks (Cu et al., 2024} [Zhang et al} 2023a), leaving the door open for
self-correction in VLMs. Specifically, we focus on two key questions: (Q1) Can VLMs receive and
understand grounding feedback? (Q2) Can VLMs provide grounding feedback? We then combine
the key findings from Q1 and Q2 to evaluate whether VLMs can self-correct their mistakes by
leveraging another instance of the same model during inference. To mitigate the high difficulty of
generating reliable feedback, we identify that semantic grounding can be decomposed into easier
binary verification tasks, therefore, getting more reliable feedback.

We evaluate the effectiveness of self-correction in our context by repurposing panoptic segmentation
datasets from ADE20k (Zhou et al.,2017) and COCO for semantic grounding (Yang
et al., Zhang et al.,[2024). We analyze three state-of-the-art open-source VLMs (LLaVA-
1.5 (2023a), ViP-LLaVA (2024), and CogVLM [Wang et al(2024)) and two
proprietary VLMs (GPT-4V |Yang et al.|(2023b) and GPT-40) to identify consistent trends. Finally,
with no additional finetuning and no access to the oracle feedback, we show that the self-correction
framework improves semantic grounding performance in VLMs by up to 8.4 accuracy points.

Below, we summarize the key findings in our exploration:

1. VLMs can receive and understand feedback to improve semantic grounding. With a single
round of oracle binary feedback, open-source VLMs improve their semantic grounding performances
up to 9 accuracy points, suggesting the feedback potentials to improve grounding performance in

VLMs (Sec. [4.1).

2. VLMs can provide high-quality feedback for themselves. By decomposing semantic grounding
into an easier binary verification step and adopting visual prompts, the identified binary verification
mechanism improves feedback quality up to an 18-point in F; score compared to the baseline

(Sec.[4.2).

3. Under the iterative self-correction framework, VLMs improve semantic grounding accuracy
up to 8.4 accuracy points without the access to the oracle. Across five VLMs, including three open-
source and two proprietary, GPT-4V and GPT-4o, our findings consistently indicate that feedback
enhances semantic grounding in VLMs (Sec.[5.2).
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4. Open-source VLMs make errors in semantic grounding even if feedback explicitly states the
ground truths. The fact that some models could fail in approximately 25% of cases in this scenario
highlights a deficiency in prompt-following capabilities that should be investigated further (Sec. {.T).

5. Strong proprietary VLMs show significant improvement but still retain limited capability
in leveraging ground-truth oracles. After three rounds of binary oracle feedback, GPT-4V and
GPT-40 improve grounding accuracy substantially but still maintain error rates above 40% on the
ADE20k dataset (Sec.[5.2).

2 RELATED WORK

Self-Correction in LLMs: LLMs have shown some ability to criticize, refine, and correct their
responses through prompt-based feedback (Kim et al.;2023; Madaan et al., [2023}|Gou et al., [2024),
supervised finetuning (Havrilla et al.|[2024; |Zelikman et al.,[2022; [Singh et al., 2024) or reinforcement
learning (Kumar et al.,[2024). This work examines whether VLMs can self-correct via prompt-based
feedback. There remains little consensus on whether LLMs can effectively self-correct through
additional prompts (Havrilla et al.| 2024)). While previous studies suggest promise in prompt-based
self-correction, they often rely on oracle feedback (Kim et al.| |2023; Shinn et al., [2023), or weak
prompts for initial responses (Madaan et al.,[2023; |Bai et al.| 2022). Follow-up research suggests
that feedback generation limits self-correction (Havrilla et al.l2024). On the other hand, prompt-
based self-correction generally excels when useful external tools, such as code executors or search
engines, are accessible (Huang et al.| [2023;|Chen et al., 2024; Gou et al., 2024; Gao et al., [2023);
however, these tools are often unavailable in many scenarios. Fact-checking also shows success, as
demonstrated by CoVe, which decomposes generation tasks into simpler verification steps, yielding
robust feedback (Dhuliawala et al., 2023). Drawing from the extensive literature on LLM self-
correction, we analyze whether VLMs can self-correct, focusing on semantic grounding.

Prompting in LLMs and VLMs: In-context learning in LLMs (Brown et al., [2020) has led to
new prompting techniques such as Chain-of-Thought (CoT) (Wei et al.| [2022), Least-to-Most (Zhou
et al.,[2023), and StepBack (Zheng et al.|[2024) to enhance reasoning capabilities. CoT, in particular,
showcases multiple reasoning paths to aid LLMs in solving complex tasks (Yao et al.,[2023; Wang
et al.| 2023). However, these methods may be less effective in VLMs due to their limited in-context
learning, especially in visually instructed VLMs (Zhao et al.| [2024; Zeng et al., 2024). Conversely,
zero-shot CoT promotes model reasoning without the reliance on in-context learning by simply
adding a guiding sentence before model responses (Kojima et al.,[2022). For VLMs, prompting has
predominantly involved visual cues. Studies have shown that models, when trained on extensive web
data, can recognize specific visual markers, like red circles (Shtedritski et al., 2023). More recently,
Set-of-Marks (SoM) prompting has enabled the GPT-4V to ground multiple objects by overlaying
object identifiers on images (Yang et al., 2023a; Nasiriany et al., 2024a). Our work incorporates these
techniques to provide semantic grounding feedback to VLMs.

Multimodal Evaluation and Verification: Recent large-scale VLMs like CLIP (Radford et al.,[2021)
and GPT-4V (Yang et al.,|2023b) have introduced a new paradigm in multimodal evaluation. For
example, traditional metrics struggle to accurately evaluate image captions (Kilickaya et al.,2017;
Cui et al.| 2018). CLIPScore (Hessel et al.,[2021) leverages web-scale VLMs to assess the similarity
between images and captions, aligning evaluations more closely with human judgments. Similarly,
LLMScore (Lu et al.l|2023) combines an image captioner with an off-the-shelf object detector to
measure alignment for text-to-image models directly. More recently, GPT-4V has been applied as an
automatic evaluator for vision language tasks, such as text-to-3D generation and embodied question
answering (Zhang et al.,|[2023b; Wu et al.||2024; [Majumdar et al.,[2024). Motivated by the potential
of using large VLMs as evaluators, we investigate their capability to evaluate and verify their own
predictions, marking a shift from earlier approaches that separated predictors from verifiers.

3  SELF-CORRECTION IN VLMS FOR SEMANTIC GROUNDING

In this section, we first define semantic grounding and introduce the adopted self-correction framework
for VLMs in Sec.[3.T. We then introduce the key research questions on whether VLMs can correct their
own grounding mistakes through self-correction in Sec. Finally, we summarize the evaluation
metrics, datasets, and models comprising our experiment protocol in Sec. (3.3
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Oracle feedback

User: Your goal is to determine the class names for
Binary feedback: objects within a provided image and leverage the
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class name. offer detailed information on the inferred class names
] for each object in the provided image. ...
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Expert analysis: The prediction is incorrect, please
adjust the class name
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v
E Prompt: Does this cropped image feature
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E (Verifien J 1 VLM v
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Figure 2: Semantic grounding and self-correction framework. Left (Semantic Grounding):
Given an image and a text prompt that specifies a region of interest, a VLM is tasked to identify the
semantic class best describing the image region. Center (Feedback Generation): For completeness,
we explore both oracle and automated feedback generated from VLMs themselves. Oracle Binary
Feedback: An oracle provides feedback only on the correctness of the predictions. Oracle Class
Label Feedback: An oracle provides explicit feedback on the correct class labels. Automated Binary
Feedback: A VLM acts as a “Verifier’, confirms or rejects the previous predictions. Right (Feedback
Integration): VLMs correct their own mistakes by taking the feedback.

3.1 SETUP: SEMANTIC GROUNDING AND SELF-CORRECTION

Semantic Grounding. We study semantic grounding (Zhang et al.| [2024; [Yang et al.|, [2023a),
mapping image regions to text, which |Lee et al. (2024) strongly correlates with visual reasoning
abilities in VLMs. Formally, consider an image x € R"™%¥*3 where h and w denote the image’s
height and width, respectively. There exists a priori image partition function that takes an image
and produces N semantically distinct regions {r; }}\_,, where each r; € [0, 1]"*¥. A general-purpose
VLM is then tasked to take the image x, the image region 1; , a text prompt ¢, and to output text
0; = VLM(x, 1;, q) that best describes the image region. The output format depends on the evaluation
metrics of interest. Fig[2) (left) shows an example task prompt.

Following prior works (Yang et al., 2023a}; [Zhang et al.,[2024), we use ground truth segmentation
masks as semantically distinct image regions {r;};' ;. We evaluate semantic grounding ability by
whether the VLM can estimate the ground truth class label for each region in every scene.

Self-Correction. The term ‘self-correction’ are broadly adopted in LLMs (Kamoi et al., [2024).
In this paper, we explore the setup involving explicit feedback generation from the same VLMs.
Namely, we use a “Verifier’ instantiated from the same VLM to provide feedback on the previous
predictions. If feedback suggests further refinement, the VLMs then take the feedback to refine their
own predictions. Fig. 2] highlights the feedback dynamics between VLMs and Verifier.

For an image = and an image region r;, we refer the initial predictions without feedback as base
predictions o; o. For completeness, we study both oracle feedback f* and self-generated feedback
fYIM| The feedback can be converted into text or visual marks to help VLMs correct their own
mistakes. Please refer to Appendix D for the complete prompt templates.

3.2 RESEARCH QUESTIONS

Recently, LLMs have demonstrated significant improvements in performance on complex language
semantic tasks such as coding and math reasoning by leveraging self-correction (Chen et al.,[2024;
Nathani et al., 2023} [Dhuliawala et al.} 2023} [Kim et al.,[2023). We note that VLMs can process
diverse visual and text inputs while simultaneously sustaining a dialogue from multiple input rounds
similar to LLMs. To explore whether VLMs behave similarly to LLMs in self-correcting their errors
in semantic grounding, we break it into two research questions (Q1) can VLM:s receive and understand
oracle feedback to improve semantic grounding? and (Q2) can VLMs provide high-quality binary
feedback for themselves? We study binary feedback due to its lower task complexity, leading to a
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User: Your goal is to determine the class
names for objects within a provided image and
leverage the insights from expert analyses. ...

Expert analysis: The prediction is incorrect,
please adjust the class name

Visual
Marks

VLM: After examining the image and the

a SoM
|_expert analysis

Image

Rol

(VLM: [VLM generates to complete] )
Crop

(1) Textual prompt: Zero-shot CoT (2) Visual prompt

Figure 3: Examples of prompting techniques. Left: Zero-shot CoT prepends a guiding sentence (in
red) before VLMs’ output. Right: We apply various visual prompting techniques including Rol crop,
visual marks, and SoM to modify input images to VLMs to guide the models’ attention.

more reliable feedback signal for self-correction. By systematically analyzing these two questions,
we pave the way to improve semantic grounding in VLMs through self-correction without the access
to oracle feedback in Section

For the rest of this section, we elaborate the questions and setups.

3.2.1 CAN VLMS RECEIVE AND UNDERSTAND ORACLE GROUNDING FEEDBACK?

We start by asking if VLMs can receive and understand oracle grounding feedback f* to improve
the base predictions. Although it is an unrealistic setup, it provides us an upper bound to improve
semantic grounding in VLMs through self-correction. We study this question from two aspects: the
types of feedback and the ways to prompt feedback to VLMs.

Feedback types. We ask: what type of feedback yields the best improvements in grounding
performance? We consider two alternatives: (i) class label feedback — directly providing the ground
truth class labels in a text prompt; and (ii) binary feedback — providing a message on whether the
previous prediction is correct. Fig. [2] (center) visualizes the two feedback types.

Ways to prompt feedback to VLMs. We ask: how should the feedback be prompted to a VLM? We
consider several alternatives and visualize them in Fig. (i) Zero-shot Chain-of-Thought (CoT):
Motivated by Kojima et al.[(2022) that shows that simply prepending a guiding sentence ‘Let’s think
step-by-step’ before generation can strongly guide the LLMs for desired tasks, we use the guiding
sentence ‘After examining the image and the expert analyses, the final answer is [output_template]
for the semantic grounding tasks. Here, the feedback is referred as expert analyses to encourage the
model to follow the feedback. (ii) Visual Marks: [Shtedritski et al. (2023) shows that Internet-scale
vision-language encoders are biased to attend to visual marks (e.g., red circles). (iii) Ser-of-Mark
(SoM): |Yang et al.|(2023a) shows that overlaying object identifiers on the image improves visual
grounding.

’

3.2.2 CAN VLMS GIVE BINARY GROUNDING FEEDBACK FOR THEMSELVES?

Prior works in LLMs suggest that feedback generation is the bottleneck in self-correction (Goul
et al.l [2024; [Olausson et al., [2024). The survey paper in LLMs (Kamoi et al., 2024) identifies
that decomposing complex generation tasks into easier verification tasks enables successful self-
correction (Dhuliawala et al.,[2023). Following this insight, we study binary feedback, a message on
whether the previous prediction is correct. We refer the VLMs performing verification to as ‘Verifier’.
We study binary feedback verification by comparing it with generation-based verification (Madaan|

et al.|[2023; Kim et al.| 2023) referred to as “intrinsic self-correction” in prior work (Huang et al.|
2023)). Furthermore, we also study the proper ways to prompt the Verifier.

Baseline approach: intrinsic self-correction. We adopt prior work in LLMs self-correction (Kim
et al.,[2023) to semantic grounding task. Here, we prompt the verifier to ‘Carefully review and refine
your answer’ right after the base predictions to automatically correct grounding predictions. Although
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Zero-shot CoT ~ Visual Prompt ~ LLaVA-1.5 ViP-LLaVA CogVLM

Base Predictions N/A No 35.86 35.86 15.98
+ Class Label Feedback No No 94.80+58_94 74.99+39_13 77-04+61.06
No No 41.04 40.36 16.25

. Yes No 43.30 42.00 18.25

+ Binary Feedback Yes SoM 42.41 4453 18.64

Yes Visual marks 45.38+9,52 45.21+9,35 19.46+3,4g

Table 1: VLMs use oracle feedback to improve grounding accuracy. We explore how oracle
Class Label Feedback and Binary Feedback improve semantic grounding in VLMs. For each type
of feedback and VLM, we highlight the largest improvements w.r.t. the performance of its base
predictions.

intrinsic self-correction doesn’t explicitly generate binary feedback, a binary signal can be obtained
by comparing the alignment of grounding predictions before and after correction

Ways to prompt the Verifier. We consider several techniques and visualize them in Fig[3: (i)
Visual marks: The verifier receives the image with a highlighted object of interest and a prompt to
determine if the predicted class label accurately describes the object (Shtedritski et al., 2023). (ii)
Rol crop: Prior work (Gu et al.| [2022) distills features of cropped regions to the object detectors.
Inspired by this, we design the verifier to receive a cropped image isolating the object of interest. (iii)
A combination of Visual Marks and Rol crop.

3.3 EXPERIMENT PROTOCOLS

Datasets. We analyze the panoptic segmentation dataset from ADE20k (Zhou et al.,[2017), which
was not previously used for instruction tuning in the open-source VLMs under study. This dataset
includes a validation set comprising 2k complex, crowded scenes with over 30k masks across
150 distinct categories. We further validate our results in the iterative setting of COCO panoptic
segmentation (Kirillov et al.,|2019; Lin et al.,|2014). Although the COCO dataset is a standard in
visual grounding, most VLMs train on a visual instruction dataset derived from COCO, making
it in-domain, unlike ADE20k. The COCO validation set consists of 5k images. Consistent with
previous VLM grounding research (Yang et al.,2023a), we utilize the same subset of 100 images
from both ADE20k and COCO for our analysis.

VLMs. We analyze three state-of-the-art open-source VLMs including LLaVA-1.5 (Liu et al.,[2023a)),
ViP-LLaVA (Cai et al., [2024) and CogVLM (Wang et al., 2024). LLaVA-1.5 is a successor of
LLaVA (Liu et al.,[2023b), a visual instruction tuned VLM, and has scaled up to a larger model and a
larger training dataset. ViP-LLaVA shares the overall model architecture and training strategy with
LLaVA, but focuses on synthesizing a diverse set of visual marks in the training dataset, effectively
improving the model performance when using visual prompts and allowing for a more user-friendly
interface. CogVLM is a generalist VLM with highlights on integrating image and text features
without sacrificing any performance on NLP tasks.

Grounding metrics. We evaluate semantic grounding performance by measuring classification
accuracy. We use off-the-shelf sentence embeddings (Huggingface) to map the VLM outputs o; to the
label from the class label list with the largest cosine similarity. We then report accuracy aggregated
over all regions r; for each scene in the dataset. While it is not idea, our quantitative analysis in
Appendix [B|demonstrates that the errors are within a reasonable range.

Feedback metrics. We assess the VLM verifier’s capability to generate a binary feedback signal
by measuring the F} scores, considering the imbalanced distribution of oracle binary feedback. In
Appendix we show that F} is a more representative metric than accuracy for evaluating feedback
quality.
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Visual prompt LLaVA-1.5 ViP-LLaVA  CogVLM

Intrinsic Self-Correction N/A 51.12 48.19 21.87
Visual marks 56.16 60.47 39.16

VLM Binary Verification Rol crop 61.71 58.18 40.68
Visual marks + Rol crop 61.14 59.6 39.79

Table 2: VLM binary verification provide higher-quality binary feedback (higher F; scores)
compared to intrinsic self-correction. The choices of visual prompting techniques should be
tailored to the specific VLMs. We bold the best performances of each VLM.

4 EMPIRICAL FINDINGS

In this section, we experiment on the ADE20k dataset to study the questions in Sec. [3.2] All
experiments are run on three different seeds and we report the average performances. We release the
code at here.

4.1 CAN VLMS RECEIVE AND UNDERSTAND ORACLE GROUNDING FEEDBACK?

Table [[| summarizes the base predictions for each model and the improved grounding accuracies after
receiving oracle grounding feedback.

Findings of feedback types. We first compare the improvement in accuracy with no additional
prompting techniques (i.e., zero-shot CoT or visual prompts). Table[T shows that oracle class label
and binary feedback improve grounding accuracy by up to 61.06 and 5.18, respectively. We find that
VLMs can receive and understand oracle feedback to improve performance, without requiring any
additional data, training time, or architectural modifications.

Intuitively, oracle class label feedback yields the most improvement, since it directly reveals the class
labels and consequently reduces the semantic grounding task to a text retrieval problem. Perhaps
surprisingly, oracle class label feedback does not automatically improve accuracy to 100%. This
outcome highlights a limitation in open-source VLMs’ ability to perform tasks based solely on
language understanding, indicating a potential area for improvement in these models (Lin et al.| 2023).
Indeed, some models fail in approximately 25% of cases in this scenario, demonstrating a significant
deficiency in prompt-following capabilities that warrants further investigation. (see Table [T, Class
Label Feedback)

Findings of ways to prompt feedback to VLMs. Table|l|shows that zero-shot CoT augments oracle
binary feedback for every model considered by up to 2.26 accuracy points. This aligns with trends in
LLMs that suggest the effectiveness of CoT to improve reasoning (Wei et al., 2022; Kojima et al.|
2022). On the other hand, visual prompting with SoM (Yang et al., |2023a)) does not significantly
improve beyond zero-shot CoT for models that were not already pre-trained with data featuring visual
prompting cues (e.g., LLaVa-1.5). In contrast, ViP-LLaVA was specifically trained for interpreting
visual cues; this model improves with both SoM and visual marks (e.g., red circles). Notably, the
combination of zero-shot CoT and visual marks emerges as the most effective strategy, increasing by
7.45 grounding accuracy points relative to the base predictions. Thus, for open-source VLMs, we
identify that the best way to introduce binary feedback in semantic grounding is to combine visual
marks and zero-shot CoT.

4.2 CAN VLMSs GIVE BINARY GROUNDING FEEDBACK FOR THEMSELVES?

We assess the quality of binary feedback using Fj scores due to potentially imbalanced oracle
feedback. Table 2] provides Fy scores of intrinsic self-correction and the binary feedback produced by
a VLM Verifier.

Results. We first assess the effectiveness of intrinsic self-correction, which involves continuing
another round of conversation by asking ‘Carefully review and refine your answer’ to the VLM and
directly outputting the revised predictions. We derive the binary feedback by comparing whether
the revised predictions differ from the initial predictions. When evaluated in accuracy, intrinsic
self-correction achieves low accuracies at 47.03, 47.13, and 59.5 on LLaVA-1.5, ViP-LLaVA, and
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Dialogue round

VLM Binary feedback source
t=0 t=1 t=2 t=3 t=4 t=>5
Intrinsic Self-Correction 35.86 30.92 29.64  28.54_;35 - -
LLaVA-1.5 VLM Verification (ours) 35.86 37.97 38.93 39.27 39.54  40.2944.43
Oracle Verification (ours) 35.86 4542 47.95 51.55 52.04 53249734
Intrinsic Self-Correction 35.86 27.72  26.7 25.68_19.15 - -
ViP-LLaVA VLM Verification (ours) 35.86 35.14 36.06 36.37 36.16 36471039
Oracle Verification (ours) 35.86 47.45 47.64 50.54 51.82 53.13117.97
Intrinsic Self-Correction  15.98 8.33 8.6 9.08_¢.9 - -
CogVLM VLM Verification (ours) 1598 17.13 17.96 18.09 18.5  18.6442466
Oracle Verification (ours) 15.98 19.6 20.96 21.51 21.82 22124614
Intrinsic Self-Correction 40.36  22.33 252 2295 1741 - -
GPT-4V VLM Verification (ours) 40.36  41.8 43.23 4241904 - -

Oracle Verification (ours) 40.36 50 5245 532741201 - -

Intrinsic Self-Correction  33.81 34.01 39.13 37.513.68 - -
GPT-40 VLM Verification (ours) 33.81 39.13 4098  41.18,7.36 - -
Oracle Verification (ours) 33.81 49.59 5491 57.78.23.91 - -

Table 3: Iterative VLM binary feedback improves grounding accuracy in ADE20k. We highlight
the performance difference w.r.t. the performance of the base predictions and if the performances are
below the performance of the base predictions, we use red-colored font.

CogVLM, respectively. The VLMs results here are aligned with previous studies on LLMs Kamoi
et al.|(2024)) that LLMs struggle to improve via intrinsic self-correction out-of-the-box.

In Table [2, we identify that binary verification mechanism for VLM using Rol crop significantly
improves the F} score for all three models, by up to 18.81 points. This observation aligns well with
the strong self-evaluation capabilities in LLMs. We may also augment this binary verification with
visual marks such as red circles. Additionally, the choice of visual prompting technique should be
tailored to the specific VLM. For instance, Rol crop tends to be more effective for networks not
trained on visual marks (e.g., LLaVA-1.5 and CogVLM), while visual marks yield better results for
models accustomed to such cues (e.g., ViP-LLaVA).

5 CAN VLMS CORRECT THEIR GROUNDING ERRORS THROUGH
SELF-CORRECTION?

Our key findings in Sec. 4 show that (1) VLMs can receive and understand oracle feedback and (2)
VLMs can given binary feedback for themselves. We now combine them to evaluate whether VLMs
can self-correct their mistakes by leveraging another instance of the same model. Furthermore, can
VLMs iteratively perform self-correction to trade compute for performances?

5.1 SETUP: ITERATIVE SELF-CORRECTION IN VLMSs

We introduce an iterative dialogue loop between a VLM agent and Verifier, where at the first timestep
t = 0, the VLM obtains base predictions {0; o} ; for every scene (Sec. . We then prompt the
Verifier to generate a binary feedback signal for every prediction fY"™M(x,1;, 0; ) (Sec. . In the
next timestep, the VLM agent uses this binary feedback to revise predictions (Sec.[3.2.1). We repeat
these steps to a maximum iteration count or until the verifier agrees with the prediction.

In our experiments, we use the textual prompts (i.e., zero-shot CoT) and the visual prompts (i.e., red
circles for open-source VLMs and SoM for proprietary VLMs) to encourage feedback receiving and
use Rol crop when VLMs provide binary feedback. Consistent with prior work (Yang et al., 2023a),
we use the same subset of 100 images for ADE20k and COCO for our analysis.

Baselines. We adopt the same baseline used in Sec.[3.2.2} intrinsic self-correction adopted from
prior work in LLMs (Kim et al.| [2023). To identify the self-correction upper bounds of each VLM,
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we also report the performances of self-correction with the access to oracle binary feedback, referred
to as Oracle Verification.

Proprietary VLMs. Open-source VLMs often suffer from shorter context window or limited
instruction following capabilities. We, therefore, experiment the identified self-correction framework
using GPT-4V (Yang et al.,|2023b) and its successor GPT-4o.

Base predictions generation. The self-correction survey in LLMs (Kamoi et al., [2024) finds that
the weak initial predictions can lead to false promises in self-correction. We attempted to improve
open-source VLMs by adding SoM prompt, but observed significant performance drops compared
to using bounding boxes alone. For LLaVA-1.5, the base predictions achieve 35.86 in ADE20k.
However, adding SoM and using Rol crop result in 11.06 and 19.67, respectively. This may be
because most open-source VLMs, including the three in our study, are trained to identify image
regions using bounding boxes (Zhang et al., 2024;|You et al.,|2023). In contrast, proprietary VLMs
have shown strong improvements with SoM (Yang et al.| 2023a). Therefore, we adopted SoM to
generate base predictions for GPT-4V and GPT-4o.

5.2 MAIN RESULTS

Open-source VLMs. Tables [3 and |4 illustrate that multiple rounds of oracle binary feedback
consistently enhance the performance of all open-source VLMs, with gains ranging from 6.14
to 17.34 in ADE20k and 6.45 to 15.28 in COCO. Additionally, multiple self-correction increase
grounding accuracy by up to 7.78 and 7.64 points on ADE20k and COCO, respectively, compared to
a single round (i.e., t = 1). The identified VLM binary verification, despite producing noisy feedback,
also consistently improves grounding accuracy by 0.39 to 4.43 points in ADE20k and 1.91 to 4.04
points in COCO. These gains are consistent across all three open-source VLMs, underscoring the
benefits of iterative feedback for zero-shot improvements in grounding accuracy, even with noisy
feedback.

In sharp contrast, intrinsic self-correction decreases downstream grounding in all settings by up to 10
points, except where base predictions are weak, such as with CogVLM in COCO. We empirically
find that self-correction cannot reliably identify the alreadily correct predictions.

GPT-4V and GPT-40. GPT-4V and GPT-40 improve predictions with both VLM binary feedback and
oracle binary feedback, even more than the open-source VLMs do. In particular, GPT-4o significantly
improves and sometimes surpasses GPT-4V, especially when incorporating oracle binary feedback.
However, perhaps surprising, even with oracle binary feedback indicating prediction correctness,
strong GPT-4V and GPT4o fail to provide correct responses after three turns with less than 60 points
accuracy overall in ADE20k.

Similar to open-source VLMs, GPT-4V exhibit negative improvements in intrinsic self-correction.
Intriguingly, there are stark differences between GPT-4V and GPT-40: GPT-4V shows a 17-point
decrease in accuracy in ADE20k, while GPT-40 sees a 7-point increase in COCO. The reasons for
these sharp differences remain unclear due to unknown model architectures and specific training data
used in proprietary models. However, we note that the identified VLM binary verification consistently
improves upon both base predictions and intrinsic self-correction with enough dialogue rounds.

We emphasize that the identified VLM binary feedback verification requires no access to external tool
or oracle. Thus, our results show that VLMs can iteratively self-correct their own grounding mistakes
when prompted in a proper way. We anticipate the improvements from iterative self-correction will
improve with future VLMs.

6 CONCLUSION

In this work, we explore the potentials of self-correction in large vision-language models in the
context of semantic grounding. We break this research question by asking two key questions (Q1) Can
VLMs receive and understand oracle grounding feedback and (Q2) Can VLMs provide grounding
feedback? Throughout our systematic analysis, we find that the answers to both questions are
positive when prompted in a proper way. With two datasets and five VLMs including proprietary
ones, we demonstrate that with the identified VLM binary feedback verification, VLMs can iterative
self-correct their own grounding mistakes. Within five rounds of VLM binary feedback, open-
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Dialogue round

VLM Binary feedback source
t=0 t=1 t=2 t=3 t=4 t=5
Intrinsic Self-Correction 36.3 33.69 3226 31.63_446 - -
LLaVA-1.5 VLM Verification (ours) 36.3 35.87 36.94 37.04 37.69 382111091
Oracle Verification (ours) 36.3 41.55 43.81 46.22 47.55 48.77112.47
Intrinsic Self-Correction 37.26 32.64 324 31.12_4.13 - -
ViP-LLaVA VLM Verification (ours) 37.26 37.84 39.64 39.64 40.01 4044318
Oracle Verification (ours) 37.26 449 48.08 50.15 51.75 525411598
Intrinsic Self-Correction 148 1623 16.47 15924111 - -
CogVLM VLM Verification (ours) 14.8 1697 17.83 18.3 18.52 18.8414.04
Oracle Verification (ours) 14.8 19.42 20.14 20.7 21.01 21.2546.45
Intrinsic Self-Correction 40.92 30.89 36.62 32.8_5.12 - -
GPT-4V VLM Verification (ours) 40.92 4394 449 4538446 - -

Oracle Verification (ours) 40.92 52.7 56.5 57.8416.88 - -

Intrinsic Self-Correction 39.49 47.13 48.08  46.65.7.15 - -
GPT-40 VLM Verification (ours) 39.49 4649 47.77 4792543 - -
Oracle Verification (ours) 39.49 57 6226 67.19497.69 - -

Table 4: Iterative VLM binary feedback improves grounding accuracy in COCO. We highlight
the performance difference w.r.t. the performance of the base predictions and if the performances are
below the performance of the base predictions, we use red-colored font.

source VLMs and proprietary VLMs improve up to 4 and 8 accuracy points. We highlight that the
self-correction in VLMs requires no access to oracle or any finetuning or architectural changes.

Limitations. Despite the advances in VLMs’ semantic grounding through self-correction, this
approach trades compute for performance. Appendix [C]shows the GPT-40 performance-cost tradeoff.
Therefore, in applications requiring low latency, feedback-based reasoning becomes less practical.
Additionally, assessing VLMSs’ zero-shot capabilities with close-set vocabularies highlights language
ambiguities. For instance, in ADE20k, similar classes like ‘grass’, ‘field’, ‘plant’, and ‘tree’ exac-
erbate this issue. For proprietary VLMs, we include the class list in the prompt, but this does not
resolve ambiguities as each dataset may interpret classes differently. For open-source VLMs, given
the smaller context window, we rely on off-the-shelf embeddings for mapping, which can introduce
noise. We provide additional quantitative analysis on the errors in class mapping in Appendix [B} We
expect future generations of open-source VLMs to achieve significant quantitative improvements in
these tasks.

Ethics Statement. This paper discusses self-correction in VLMs. The identified self-correction
framework promotes a cost-effective way to improve semantic grounding in VLMs and allow
continuous refinement with minimal resources, i.e. require no further fine-tuning. However, the
abilities to take noisy feedback might bring further risks to VLMSs with a long context window if the
multiple adversarial feedback are provided as in-context examples, similar to the risks raised in|Anil
et al.l

Reproducibility Statement. We provide the full prompt in Appendix|D and detailed implementation
in Appendix|G. The sampled dataset can be access in the official github repository in prior work (Yang
et al., 2023a). We release the code at here.

10


https://anonymous.4open.science/r/multi_rounds_vlm-577C

Under review as a conference paper at ICLR 2025

REFERENCES

Cem Anil, Esin Durmus, Mrinank Sharma, Joe Benton, Sandipan Kundu, Joshua Batson, Nina Rimsky,
Meg Tong, Jesse Mu, Daniel Ford, Francesco Mosconi, Rajashree Agrawal, Rylan Schaeffer, Naomi
Bashkansky, Samuel Svenningsen, Mike Lambert, Ansh Radhakrishnan, Carson E. Denison, Evan
Hubinger, Yuntao Bai, Trenton Bricken, Tim Maxwell, Nicholas Schiefer, Jamie Sully, Alex
Tamkin, Tamera Lanham, Karina Nguyen, Tomasz Korbak, Jared Kaplan, Deep Ganguli, Samuel R.
Bowman, Ethan Perez, Roger Grosse, and David Kristjanson Duvenaud. Many-shot jailbreaking.
URLhttps://api.semanticscholar.org/CorpusID:269010944.

Stanislaw Antol, Aishwarya Agrawal, Jiasen Lu, Margaret Mitchell, Dhruv Batra, C. Lawrence
Zitnick, and Devi Parikh. VQA: Visual Question Answering. In International Conference on
Computer Vision (ICCV), 2015.

Yuntao Bai, Saurav Kadavath, Sandipan Kundu, Amanda Askell, Jackson Kernion, Andy Jones,
Anna Chen, Anna Goldie, Azalia Mirhoseini, Cameron McKinnon, Carol Chen, Catherine Olsson,
Christopher Olah, Danny Hernandez, Dawn Drain, Deep Ganguli, Dustin Li, Eli Tran-Johnson,
Ethan Perez, Jamie Kerr, Jared Mueller, Jeffrey Ladish, Joshua Landau, Kamal Ndousse, Kamile
Lukosuite, Liane Lovitt, Michael Sellitto, Nelson Elhage, Nicholas Schiefer, Noemi Mercado,
Nova DasSarma, Robert Lasenby, Robin Larson, Sam Ringer, Scott Johnston, Shauna Kravec,
Sheer El Showk, Stanislav Fort, Tamera Lanham, Timothy Telleen-Lawton, Tom Conerly, Tom
Henighan, Tristan Hume, Samuel R. Bowman, Zac Hatfield-Dodds, Ben Mann, Dario Amodei,
Nicholas Joseph, Sam McCandlish, Tom Brown, and Jared Kaplan. Constitutional ai: Harmlessness
from ai feedback, 2022. URL https://arxiv.org/abs/2212.08073.

Tom Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared D Kaplan, Prafulla Dhariwal,
Arvind Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, et al. Language models are
few-shot learners. Advances in neural information processing systems, 33:1877-1901, 2020.

Mu Cai, Haotian Liu, Siva Karthik Mustikovela, Gregory P Meyer, Yuning Chai, Dennis Park, and
Yong Jae Lee. Making large multimodal models understand arbitrary visual prompts. arXiv
preprint arXiv:2312.00784, 2023.

Mu Cai, Haotian Liu, Siva Karthik Mustikovela, Gregory P. Meyer, Yuning Chai, Dennis Park, and
Yong Jae Lee. Making large multimodal models understand arbitrary visual prompts. In /IEEE
Conference on Computer Vision and Pattern Recognition, 2024.

Keqin Chen, Zhao Zhang, Weili Zeng, Richong Zhang, Feng Zhu, and Rui Zhao. Shikra: Unleashing
multimodal IIm’s referential dialogue magic, 2023.

Xinyun Chen, Maxwell Lin, Nathanael Schirli, and Denny Zhou. Teaching large language models to
self-debug. In The Twelfth International Conference on Learning Representations, 2024. URL
https://openreview.net/forum?id=KuPixIgPigq.

Can Cui, Yunsheng Ma, Xu Cao, Wengian Ye, Yang Zhou, Kaizhao Liang, Jintai Chen, Juanwu Lu,
Zichong Yang, Kuei-Da Liao, et al. A survey on multimodal large language models for autonomous
driving. In Proceedings of the IEEE/CVF Winter Conference on Applications of Computer Vision,
pp- 958-979, 2024.

Yin Cui, Guandao Yang, Andreas Veit, Xun Huang, and Serge Belongie. Learning to evaluate image
captioning. In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition
(CVPR), June 2018.

Jia Deng, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. Imagenet: A large-scale
hierarchical image database. In 2009 IEEE conference on computer vision and pattern recognition,
pp. 248-255. Ieee, 2009.

Thierry Deruyttere, Simon Vandenhende, Dusan Grujicic, Luc Van Gool, and Marie-Francine Moens.
Talk2Car: Taking control of your self-driving car. In Kentaro Inui, Jing Jiang, Vincent Ng, and Xi-
aojun Wan (eds.), Proceedings of the 2019 Conference on Empirical Methods in Natural Language
Processing and the 9th International Joint Conference on Natural Language Processing (EMNLP-
IJCNLP), pp. 2088-2098, Hong Kong, China, November 2019. Association for Computational
Linguistics. doi: 10.18653/v1/D19-1215. URL https://aclanthology.org/D19-1215.

11


https://api.semanticscholar.org/CorpusID:269010944
https://arxiv.org/abs/2212.08073
https://openreview.net/forum?id=KuPixIqPiq
https://aclanthology.org/D19-1215

Under review as a conference paper at ICLR 2025

Shehzaad Dhuliawala, Mojtaba Komeili, Jing Xu, Roberta Raileanu, Xian Li, Asli Celikyilmaz, and
Jason Weston. Chain-of-verification reduces hallucination in large language models, 2023. URL
https://arxiv.org/abs/2309.11495.

Luyu Gao, Zhuyun Dai, Panupong Pasupat, Anthony Chen, Arun Tejasvi Chaganty, Yicheng Fan,
Vincent Zhao, Ni Lao, Hongrae Lee, Da-Cheng Juan, and Kelvin Guu. RARR: Researching
and revising what language models say, using language models. In Anna Rogers, Jordan Boyd-
Graber, and Naoaki Okazaki (eds.), Proceedings of the 61st Annual Meeting of the Association
for Computational Linguistics (Volume 1: Long Papers), pp. 16477-16508, Toronto, Canada, July
2023. Association for Computational Linguistics. doi: 10.18653/v1/2023.acl-long.910. URL
https://aclanthology.org/2023.acl-1ong.910.

Zhibin Gou, Zhihong Shao, Yeyun Gong, yelong shen, Yujiu Yang, Nan Duan, and Weizhu Chen.
CRITIC: Large language models can self-correct with tool-interactive critiquing. In The Twelfth
International Conference on Learning Representations, 2024. URL https://openreview,
net/forum?id=Sx038gxjek.

Yash Goyal, Tejas Khot, Douglas Summers-Stay, Dhruv Batra, and Devi Parikh. Making the v in vqa
matter: Elevating the role of image understanding in visual question answering. In Proceedings of
the IEEE conference on computer vision and pattern recognition, pp. 6904-6913, 2017.

Xiuye Gu, Tsung-Yi Lin, Weicheng Kuo, and Yin Cui. Open-vocabulary object detection via vision
and language knowledge distillation. In International Conference on Learning Representations,
2022. URL https://openreview.net/forum?id=1L31nMbR4WU.

Qiushan Guo, Shalini De Mello, Hongxu Yin, Wonmin Byeon, Ka Chun Cheung, Yizhou Yu, Ping
Luo, and Sifei Liu. Regiongpt: Towards region understanding vision language model. arXiv
preprint arXiv:2403.02330, 2024.

Alex Havrilla, Sharath Raparthy, Christoforus Nalmpantis, Jane Dwivedi-Yu, Maksym Zhuravinskyi,
Eric Hambro, and Roberta Raileanu. Glore: When, where, and how to improve 1lm reasoning via
global and local refinements, 2024. URL https://arxiv.org/abs/2402.10963.

Jack Hessel, Ari Holtzman, Maxwell Forbes, Ronan Le Bras, and Yejin Choi. CLIPScore: A
reference-free evaluation metric for image captioning. In Marie-Francine Moens, Xuanjing Huang,
Lucia Specia, and Scott Wen-tau Yih (eds.), Proceedings of the 2021 Conference on Empirical
Methods in Natural Language Processing, pp. 7514—7528, Online and Punta Cana, Dominican
Republic, November 2021. Association for Computational Linguistics. doi: 10.18653/v1/2021.
emnlp-main.595. URL https://aclanthology.org/2021.emnlp-main.595.

Jie Huang, Xinyun Chen, Swaroop Mishra, Huaixiu Steven Zheng, Adams Wei Yu, Xinying Song,
and Denny Zhou. Large language models cannot self-correct reasoning yet, 2023.

Huggingface. sentence-transformers/all-mpnet-base-v2. https://huggingface.co/
sentence-transformers/all-mpnet-base-v2.

Ryo Kamoi, Yusen Zhang, Nan Zhang, Jiawei Han, and Rui Zhang. When can llms actually correct
their own mistakes? a critical survey of self-correction of llms. ArXiv, abs/2406.01297, 2024. URL
https://api.semanticscholar.org/CorpusID:270218742.

Mert Kilickaya, Aykut Erdem, Nazli Ikizler-Cinbis, and Erkut Erdem. Re-evaluating automatic
metrics for image captioning. In Mirella Lapata, Phil Blunsom, and Alexander Koller (eds.),
Proceedings of the 15th Conference of the European Chapter of the Association for Computational
Linguistics: Volume 1, Long Papers, pp. 199-209, Valencia, Spain, April 2017. Association for
Computational Linguistics. URL |https://aclanthology.org/E17-1019.

Geunwoo Kim, Pierre Baldi, and Stephen Marcus McAleer. Language models can solve computer
tasks. In Thirty-seventh Conference on Neural Information Processing Systems, 2023. URL
https://openreview.net/forum?id=M60mjAZ4CX.

Alexander Kirillov, Kaiming He, Ross Girshick, Carsten Rother, and Piotr Dollar. Panoptic segmen-
tation. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition
(CVPR), June 2019.

12


https://arxiv.org/abs/2309.11495
https://aclanthology.org/2023.acl-long.910
https://openreview.net/forum?id=Sx038qxjek
https://openreview.net/forum?id=Sx038qxjek
https://openreview.net/forum?id=lL3lnMbR4WU
https://arxiv.org/abs/2402.10963
https://aclanthology.org/2021.emnlp-main.595
https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://huggingface.co/sentence-transformers/all-mpnet-base-v2
https://api.semanticscholar.org/CorpusID:270218742
https://aclanthology.org/E17-1019
https://openreview.net/forum?id=M6OmjAZ4CX

Under review as a conference paper at ICLR 2025

Takeshi Kojima, Shixiang Shane Gu, Machel Reid, Yutaka Matsuo, and Yusuke Iwasawa. Large
language models are zero-shot reasoners. In Alice H. Oh, Alekh Agarwal, Danielle Belgrave,
and Kyunghyun Cho (eds.), Advances in Neural Information Processing Systems, 2022. URL
https://openreview.net/forum?id=e2TBb5y0yFf.

Aviral Kumar, Vincent Zhuang, Rishabh Agarwal, Yi Su, John D Co-Reyes, Avi Singh, Kate
Baumli, Shariq Igbal, Colton Bishop, Rebecca Roelofs, Lei M Zhang, Kay McKinney, Disha
Shrivastava, Cosmin Paduraru, George Tucker, Doina Precup, Feryal Behbahani, and Aleksandra
Faust. Training language models to self-correct via reinforcement learning, 2024. URL https:
//arxiv.org/abs/2409.12917.

Byung-Kwan Lee, Beomchan Park, Chae Won Kim, and Yong Man Ro. Collavo: Crayon large
language and vision model, 2024.

Bo Li, Peiyuan Zhang, Jingkang Yang, Yuanhan Zhang, Fanyi Pu, and Ziwei Liu. Otterhd: A
high-resolution multi-modality model, 2023.

Zhang Li, Biao Yang, Qiang Liu, Zhiyin Ma, Shuo Zhang, Jingxu Yang, Yabo Sun, Yuliang Liu, and
Xiang Bai. Monkey: Image resolution and text label are important things for large multi-modal
models, 2024.

Ji Lin, Hongxu Yin, Wei Ping, Yao Lu, Pavlo Molchanov, Andrew Tao, Huizi Mao, Jan Kautz,
Mohammad Shoeybi, and Song Han. Vila: On pre-training for visual language models, 2023.

Tsung-Yi Lin, Michael Maire, Serge J. Belongie, Lubomir D. Bourdev, Ross B. Girshick, James
Hays, Pietro Perona, Deva Ramanan, Piotr Doll’a r, and C. Lawrence Zitnick. Microsoft COCO:
common objects in context. CoRR, abs/1405.0312, 2014. URL http://arxiv.org/abs/
1405.0312.

Haotian Liu, Chunyuan Li, Yuheng Li, and Yong Jae Lee. Improved baselines with visual instruction
tuning, 2023a.

Haotian Liu, Chunyuan Li, Qingyang Wu, and Yong Jae Lee. Visual instruction tuning. In NeurIPS,
2023b.

Haotian Liu, Chunyuan Li, Yuheng Li, Bo Li, Yuanhan Zhang, Sheng Shen, and Yong Jae Lee.
Llava-next: Improved reasoning, ocr, and world knowledge, January 2024. URL https://
llava-vl.github.io/blog/2024-01-30-1lava—next/.

Yujie Lu, Xianjun Yang, Xiujun Li, Xin Eric Wang, and William Yang Wang. Llmscore: Unveiling
the power of large language models in text-to-image synthesis evaluation, 2023.

Yujie Lu, Xianjun Yang, Xiujun Li, Xin Eric Wang, and William Yang Wang. Llmscore: Unveiling
the power of large language models in text-to-image synthesis evaluation. Advances in Neural
Information Processing Systems, 36, 2024.

Aman Madaan, Niket Tandon, Prakhar Gupta, Skyler Hallinan, Luyu Gao, Sarah Wiegreffe, Uri Alon,
Nouha Dziri, Shrimai Prabhumoye, Yiming Yang, Shashank Gupta, Bodhisattwa Prasad Majumder,
Katherine Hermann, Sean Welleck, Amir Yazdanbakhsh, and Peter Clark. Self-refine: Iterative
refinement with self-feedback. In Thirty-seventh Conference on Neural Information Processing
Systems, 2023. URL https://openreview.net/forum?id=S37hOerQLB.

Aman Madaan, Niket Tandon, Prakhar Gupta, Skyler Hallinan, Luyu Gao, Sarah Wiegreffe, Uri
Alon, Nouha Dziri, Shrimai Prabhumoye, Yiming Yang, et al. Self-refine: Iterative refinement
with self-feedback. Advances in Neural Information Processing Systems, 36, 2024.

Arjun Majumdar, Anurag Ajay, Xiaohan Zhang, Pranav Putta, Sriram Yenamandra, Mikael Henaff,
Sneha Silwal, Paul Mcvay, Oleksandr Maksymets, Sergio Arnaud, Karmesh Yadav, Qiyang Li,
Ben Newman, Mohit Sharma, Vincent Berges, Shiqi Zhang, Pulkit Agrawal, Yonatan Bisk, Dhruv
Batra, Mrinal Kalakrishnan, Franziska Meier, Chris Paxton, Sasha Sax, and Aravind Rajeswaran.
Openeqa: Embodied question answering in the era of foundation models. In Conference on
Computer Vision and Pattern Recognition (CVPR), 2024.

13


https://openreview.net/forum?id=e2TBb5y0yFf
https://arxiv.org/abs/2409.12917
https://arxiv.org/abs/2409.12917
http://arxiv.org/abs/1405.0312
http://arxiv.org/abs/1405.0312
https://llava-vl.github.io/blog/2024-01-30-llava-next/
https://llava-vl.github.io/blog/2024-01-30-llava-next/
https://openreview.net/forum?id=S37hOerQLB

Under review as a conference paper at ICLR 2025

Brandon McKinzie, Zhe Gan, Jean-Philippe Fauconnier, Sam Dodge, Bowen Zhang, Philipp Dufter,
Dhruti Shah, Xianzhi Du, Futang Peng, Floris Weers, Anton Belyi, Haotian Zhang, Karanjeet
Singh, Doug Kang, Hongyu He, Max Schwarzer, Tom Gunter, Xiang Kong, Aonan Zhang, Jianyu
Wang, Chong Wang, Nan Du, Tao Lei, Sam Wiseman, Mark Lee, Zirui Wang, Ruoming Pang,
Peter Grasch, Alexander Toshev, and Yinfei Yang. Mm1l: Methods, analysis & insights from
multimodal llm pre-training, 2024.

Margaret Mitchell, Kees van Deemter, and Ehud Reiter. Generating expressions that refer to visible
objects. In Lucy Vanderwende, Hal Daumé III, and Katrin Kirchhoff (eds.), Proceedings of the
2013 Conference of the North American Chapter of the Association for Computational Linguistics:
Human Language Technologies, pp. 1174—1184, Atlanta, Georgia, June 2013. Association for
Computational Linguistics. URL |https://aclanthology.org/N13-1137.

Soroush Nasiriany, Fei Xia, Wenhao Yu, Ted Xiao, Jacky Liang, Ishita Dasgupta, Annie Xie, Danny
Driess, Ayzaan Wahid, Zhuo Xu, Quan Vuong, Tingnan Zhang, Tsang-Wei Edward Lee, Kuang-
Huei Lee, Peng Xu, Sean Kirmani, Yuke Zhu, Andy Zeng, Karol Hausman, Nicolas Heess,
Chelsea Finn, Sergey Levine, and Brian Ichter. Pivot: Iterative visual prompting elicits actionable
knowledge for vlms, 2024a.

Soroush Nasiriany, Fei Xia, Wenhao Yu, Ted Xiao, Jacky Liang, Ishita Dasgupta, Annie Xie,
Danny Driess, Ayzaan Wahid, Zhuo Xu, et al. Pivot: Iterative visual prompting elicits actionable
knowledge for vlms. arXiv preprint arXiv:2402.07872, 2024b.

Deepak Nathani, David Wang, Liangming Pan, and William Yang Wang. MAF: Multi-aspect feedback
for improving reasoning in large language models. In The 2023 Conference on Empirical Methods
in Natural Language Processing, 2023. URL https://openreview.net/forum?id=
bNeDLx506w.

Theo X. Olausson, Jeevana Priya Inala, Chenglong Wang, Jianfeng Gao, and Armando Solar-Lezama.
Is self-repair a silver bullet for code generation? In The Twelfth International Conference on Learn-
ing Representations, 2024. URL https://openreview.net/forum?id=y0GJIXRungR.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal,
Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, et al. Learning transferable visual
models from natural language supervision. In International conference on machine learning, pp.
8748-8763. PMLR, 2021.

Noah Shinn, Federico Cassano, Ashwin Gopinath, Karthik R Narasimhan, and Shunyu Yao. Reflexion:
language agents with verbal reinforcement learning. In Thirty-seventh Conference on Neural
Information Processing Systems, 2023. URL https://openreview.net/forum?id=
vVAE1hFcKW6.

Aleksandar Shtedritski, Christian Rupprecht, and Andrea Vedaldi. What does clip know about a
red circle? visual prompt engineering for vims. In Proceedings of the IEEE/CVF International
Conference on Computer Vision (ICCV), pp. 11987-11997, October 2023.

Avi Singh, John D Co-Reyes, Rishabh Agarwal, Ankesh Anand, Piyush Patil, Xavier Garcia, Peter J
Liu, James Harrison, Jachoon Lee, Kelvin Xu, Aaron T Parisi, Abhishek Kumar, Alexander A
Alemi, Alex Rizkowsky, Azade Nova, Ben Adlam, Bernd Bohnet, Gamaleldin Fathy Elsayed, Hanie
Sedghi, Igor Mordatch, Isabelle Simpson, Izzeddin Gur, Jasper Snoek, Jeffrey Pennington, Jiri
Hron, Kathleen Kenealy, Kevin Swersky, Kshiteej Mahajan, Laura A Culp, Lechao Xiao, Maxwell
Bileschi, Noah Constant, Roman Novak, Rosanne Liu, Tris Warkentin, Yamini Bansal, Ethan Dyer,
Behnam Neyshabur, Jascha Sohl-Dickstein, and Noah Fiedel. Beyond human data: Scaling self-
training for problem-solving with language models. Transactions on Machine Learning Research,
2024. ISSN 2835-8856. URL https://openreview.net/forum?id=1NAyUngGFK.
Expert Certification.

C. Spearman. The proof and measurement of association between two things. The American Journal
of Psychology, 100(3/4):441-471, 1987. ISSN 00029556. URL http://www. jstor.org/
stable/1422689.l

Gemini Team, Rohan Anil, Sebastian Borgeaud, Yonghui Wu, Jean-Baptiste Alayrac, Jiahui Yu, and
Radu Soricut. Gemini: A family of highly capable multimodal models, 2023.

14


https://aclanthology.org/N13-1137
https://openreview.net/forum?id=bNeDLx5O6w
https://openreview.net/forum?id=bNeDLx5O6w
https://openreview.net/forum?id=y0GJXRungR
https://openreview.net/forum?id=vAElhFcKW6
https://openreview.net/forum?id=vAElhFcKW6
https://openreview.net/forum?id=lNAyUngGFK
http://www.jstor.org/stable/1422689
http://www.jstor.org/stable/1422689

Under review as a conference paper at ICLR 2025

Gemini Team, Machel Reid, Nikolay Savinov, Denis Teplyashin, Dmitry Lepikhin, and Timothy Lill-
icrap et al. Gemini 1.5: Unlocking multimodal understanding across millions of tokens of context,
2024.

Hugo Touvron, Louis Martin, Kevin Stone, Peter Albert, Amjad Almahairi, and Yasmine Babaei et al.
Llama 2: Open foundation and fine-tuned chat models, 2023.

Arun Balajee Vasudevan, Dengxin Dai, and Luc Van Gool. Object referring in videos with language
and human gaze. 2018 IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
4129-4138,2018. URL https://api.semanticscholar.org/CorpusID:4576781.

Weihan Wang, Qingsong Lv, Wenmeng Yu, Wenyi Hong, Ji Qi, Yan Wang, Junhui Ji, Zhuoyi Yang,
Lei Zhao, Xixuan Song, Jiazheng Xu, Bin Xu, Juanzi Li, Yuxiao Dong, Ming Ding, and Jie Tang.
Cogvlm: Visual expert for pretrained language models, 2024.

Xuezhi Wang, Jason Wei, Dale Schuurmans, Quoc V Le, Ed H. Chi, Sharan Narang, Aakanksha
Chowdhery, and Denny Zhou. Self-consistency improves chain of thought reasoning in language
models. In The Eleventh International Conference on Learning Representations, 2023. URL
https://openreview.net/forum?id=1PLINIMMrw.

Jason Wei, Xuezhi Wang, Dale Schuurmans, Maarten Bosma, brian ichter, Fei Xia, Ed H. Chi, Quoc V
Le, and Denny Zhou. Chain of thought prompting elicits reasoning in large language models.
In Alice H. Oh, Alekh Agarwal, Danielle Belgrave, and Kyunghyun Cho (eds.), Advances in
Neural Information Processing Systems, 2022. URL https://openreview.net/forum?
id= ViQlMeSB_Jl

Tong Wu, Guandao Yang, Zhibing Li, Kai Zhang, Ziwei Liu, Leonidas Guibas, Dahua Lin, and
Gordon Wetzstein. Gpt-4v(ision) is a human-aligned evaluator for text-to-3d generation, 2024.

Jianwei Yang, Hao Zhang, Feng Li, Xueyan Zou, Chunyuan Li, and Jianfeng Gao. Set-of-mark
prompting unleashes extraordinary visual grounding in gpt-4v, 2023a.

Zhengyuan Yang, Linjie Li, Kevin Lin, Jianfeng Wang, Chung-Ching Lin, Zicheng Liu, and Lijuan
Wang. The dawn of Imms: Preliminary explorations with gpt-4v(ision), 2023b.

Shunyu Yao, Dian Yu, Jeffrey Zhao, Izhak Shafran, Thomas L. Griffiths, Yuan Cao, and Karthik
Narasimhan. Tree of Thoughts: Deliberate problem solving with large language models, 2023.

Haoxuan You, Haotian Zhang, Zhe Gan, Xianzhi Du, Bowen Zhang, Zirui Wang, Liangliang Cao,
Shih-Fu Chang, and Yinfei Yang. Ferret: Refer and ground anything anywhere at any granularity,
2023.

Peter Young, Alice Lai, Micah Hodosh, and Julia Hockenmaier. From image descriptions to visual
denotations: New similarity metrics for semantic inference over event descriptions. Transactions
of the Association for Computational Linguistics, 2:67-78, 2014.

Licheng Yu, Patrick Poirson, Shan Yang, Alexander C. Berg, and Tamara L. Berg. Modeling context
in referring expressions, 2016.

Mert Yuksekgonul, Federico Bianchi, Pratyusha Kalluri, Dan Jurafsky, and James Zou. When and
why vision-language models behave like bags-of-words, and what to do about it? In The Eleventh
International Conference on Learning Representations, 2023. URL https://openreview,
net/forum?id=KRLUvxh8uaX.

Eric Zelikman, Yuhuai Wu, Jesse Mu, and Noah Goodman. STar: Bootstrapping reasoning with
reasoning. In Alice H. Oh, Alekh Agarwal, Danielle Belgrave, and Kyunghyun Cho (eds.),
Advances in Neural Information Processing Systems, 2022. URL https://openreview,
net/forum?id=_3ELRdg2sgl.

Yuchen Zeng, Wonjun Kang, Yicong Chen, Hyung Il Koo, and Kangwook Lee. Can mllms perform
text-to-image in-context learning?, 2024.

15


https://api.semanticscholar.org/CorpusID:4576781
https://openreview.net/forum?id=1PL1NIMMrw
https://openreview.net/forum?id=_VjQlMeSB_J
https://openreview.net/forum?id=_VjQlMeSB_J
https://openreview.net/forum?id=KRLUvxh8uaX
https://openreview.net/forum?id=KRLUvxh8uaX
https://openreview.net/forum?id=_3ELRdg2sgI
https://openreview.net/forum?id=_3ELRdg2sgI

Under review as a conference paper at ICLR 2025

Shilong Zhang, Peize Sun, Shoufa Chen, Minn Xiao, Wenqi Shao, Wenwei Zhang, Yu Liu, Kai Chen,
and Ping Luo. GPT4roi: Instruction tuning large language model on region-of-interest, 2024. URL
https://openreview.net/forum?id=DzxaRFVsgC.

Xinlu Zhang, Yujie Lu, Weizhi Wang, An Yan, Jun Yan, Lianke Qin, Heng Wang, Xifeng Yan,
William Yang Wang, and Linda Ruth Petzold. Gpt-4v (ision) as a generalist evaluator for vision-
language tasks. arXiv preprint arXiv:2311.01361, 2023a.

Xinlu Zhang, Yujie Lu, Weizhi Wang, An Yan, Jun Yan, Lianke Qin, Heng Wang, Xifeng Yan,
William Yang Wang, and Linda Ruth Petzold. Gpt-4v(ision) as a generalist evaluator for vision-
language tasks, 2023b.

Haozhe Zhao, Zefan Cai, Shuzheng Si, Xiaojian Ma, Kaikai An, Liang Chen, Zixuan Liu, Sheng
Wang, Wenjuan Han, and Baobao Chang. MMICL: Empowering vision-language model with multi-
modal in-context learning. In The Twelfth International Conference on Learning Representations,
2024. URL https://openreview.net/forum?id=5Ko jubHBr8.

Huaixiu Steven Zheng, Swaroop Mishra, Xinyun Chen, Heng-Tze Cheng, Ed H. Chi, Quoc V
Le, and Denny Zhou. Step-back prompting enables reasoning via abstraction in large language
models. In The Twelfth International Conference on Learning Representations, 2024. URL
https://openreview.net/forum?id=3bg3jsvcQl.

Bolei Zhou, Hang Zhao, Xavier Puig, Sanja Fidler, Adela Barriuso, and Antonio Torralba. Scene
parsing through ade20k dataset. In Proceedings of the IEEE Conference on Computer Vision and
Pattern Recognition (CVPR), July 2017.

Denny Zhou, Nathanael Schirli, Le Hou, Jason Wei, Nathan Scales, Xuezhi Wang, Dale Schuurmans,
Claire Cui, Olivier Bousquet, Quoc V Le, and Ed H. Chi. Least-to-most prompting enables complex
reasoning in large language models. In The Eleventh International Conference on Learning
Representations, 2023. URL https://openreview.net/forum?id=WZH7099tgfM.

16


https://openreview.net/forum?id=DzxaRFVsgC
https://openreview.net/forum?id=5KojubHBr8
https://openreview.net/forum?id=3bq3jsvcQ1
https://openreview.net/forum?id=WZH7099tgfM

	Introduction
	Related Work
	Self-Correction in VLMs for Semantic Grounding
	Setup: Semantic Grounding and Self-Correction
	Research Questions
	Can VLMs Receive and Understand Oracle Grounding Feedback?
	Can VLMs Give Binary Grounding Feedback for Themselves?

	Experiment Protocols

	Empirical Findings
	Can VLMs Receive and Understand Oracle Grounding Feedback?
	Can VLMs Give Binary Grounding Feedback for Themselves?

	Can VLMs Correct their Grounding Errors through Self-Correction?
	Setup: Iterative Self-Correction in VLMs
	Main Results

	Conclusion
	Table of Contents
	Quantitative Analysis in Class Mapping Errors
	Performance-Cost Tradeoff
	Prompt Templates
	Example Dialogue
	Dataset Details
	Implementation Details
	Additional Results
	Feedback Accuracy does not Strongly Correlate with Semantic Grounding with Iteratively Self-Generated Feedback
	Qualitative Results


