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ABSTRACT

Recently, Large Vision-Language Models (LVLMs) have made significant progress,
seamlessly integrating the visual comprehension capabilities of vision encoders
with the language generation strengths of language models (LMs). Despite the suc-
cess of LVLMEs, the training or aligning data of LVLMs suffers from the Long-Tail
(LT) problems, which is a special type of data with highly imbalanced distributions,
and a large number of tail (minority) instances. A significant amount of research
has focused on mitigating LT through data adjustment or network structure reorga-
nization, however, efforts targeting generative LVLMSs remain limited. In this paper,
we present an in-depth analysis of the LT issues persisting in LVLMs’ training data
and build a distribution of four perspectives, addressing both visual and language
aspects. To mitigate the aforementioned challenges, we propose an Adaptive Data
Refinement Framework (ADR), which consists of two stages: Data Rebalancing
(DR) and Data Synthesis (DS). In the DR stage, we adaptively rebalance the redun-
dant data based on entity distributions, while in the DS stage, we leverage the latent
representations of scarce images to adaptively supplement the underrepresented
portions. To validate the effectiveness of our approach, we conduct experiments
on a series of comprehensive benchmarks, including the GPT-assisted evaluations
to assess the overall performance variations introduced by our method. Through
comprehensive evaluations, ADR effectively mitigates the long-tail problem in
the training data, improving the average performance of LLaVA 1.5 relatively by
2.62% across 10 benchmarks, without increasing the training data volume. Our
code and data will be publicly released.

1 INTRODUCTION

Large Vision-Language Models (LVLMs) have become pivotal at the intersection of computer vision
and natural language processing, enabling breakthroughs in bridging the gap between language and
vision. These models facilitate a wide range of applications by generating contextually relevant
textual descriptions from visual inputs. Recent advancements in LVLMs (Bai et al., 2023} [Chen
et al.,|2023a; Dai et al.,[2024; Zhang et al.,[2023a; Dong et al., 2024} |Chen et al., [2023c}; |Liu et al.,
2023a; |2024a; [Zhu et al., 2023} Ye et al., |2023b; |Abdin et al., 2024} have significantly advanced
general-purpose foundation models, elevating them to unprecedented levels. This flourishing progress
within the research community marks a significant step towards Artificial General Intelligence (AGI).

However, the training data of LVLMs are suffering from the problem of Long-Tail (LT) (Parashar
et al., 2024). The “Long Tail” term in computer vision refers to the fact that the training datasets
nowadays are often of large scale and present highly imbalanced distributions, and they have a large
number of tail (minority) classes. Although LT is common in real-world distribution and cannot be
seen as a problem, recent research (Zhang et al., 20245 2023bj [Fu et al., 2022; |Yang et al.,|2022)) have
found that balancing the LT data could bring positive effects. Several works (Shao et al.| 2023 Wang
et al.,|2022; Zhu et al.;|2024; |Liu et al., [2024bj |Lee et al., [2024) have been made to mitigate LT by
either balancing the redundant data or re-designing the network structure.

Despite the efforts, these approaches are not yet fully satisfying in terms of eliminating the LT
problem within the training data of LVLMs. Some existing methods focus on traditional models
(e.g., CLIP (Radford et al.,|2021))) or tasks (e.g., image classification), while others prioritize data
efficiency, aiming to achieve comparable performance with fewer data. However, none of these
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Figure 1: Performance on comprehensive benchmarks of LLaVA 1.5 before and after addressing
the long-tail problem. Our method surpasses the baseline over 16/16 benchmarks and improves the
performance of tail 30% concepts.

approaches have significantly enhanced the overall performance of generative LVLMs by addressing
LT or optimizing the training data.

To address the above issues, we delve into the distribution of the training data, analyzing it from four
perspectives based on both language and visual features, and introduce An Adaptive Data Refinement
Framework (ADR), a novel data calibration strategy designed to effectively counter LT and can be
easily integrated into any open-source LVLMs’ training data such as LLaVA (Liu et al.| [2023a),
ShareGPT-4V (Chen et al.,[2023b)) ALLaVA (Chen et al., 2024b)) or Mini-GPT4V (Zhu et al., [2023)).
ADR addresses the long-tail (LT) problem by both filtering redundant data and supplementing scarce
data through two key stages: Data Rebalancing Stage (DR) and Data Synthesis Stage (DS). The DR
stage rebalances the overrepresented head portion of the data by filtering out low-quality or redundant
instances based on entity distributions, thereby mitigating overfitting to redundant head data. In
contrast, the DS stage leverages the latent representations of scarce images to adaptively synthesize
the underrepresented tail data, significantly improving the model’s performance on tail-end concepts.

We design comprehensive experiments to validate the effectiveness of ADR in mitigating the LT issue
using diverse benchmarks, hallucination metrics, and evaluations with GPT-4. The results demonstrate
that ADR significantly improves performance over baseline data and methods, highlighting its strong
generalization capabilities. Across all 10 benchmarks, ADR consistently achieves the best results,
improving the average performance of LLaVA 1.5 relatively by 2.62%, without increasing the training
data volume or introducing additional training. In a nutshell, our contributions are threefold:

* We conduct an in-depth analysis of the long-tail problem in the training data of LVLMs from four
key aspects and analyze why mitigating this issue can lead to positive outcomes.

* Our ADR alleviates the LVLM’s LT issue and significantly enhances the overall performance of
LVLMs without increasing the data scale or introducing any additional training. ADR is also
model-agnostic and data-agnostic, which can be easily transferred to any open-source data.

» Comprehensive evaluation including GPT assessments proves the superior performance gain
brought by ADR, which serves as a powerful and universal multimodal data modulator.

2 RELATED WORK

2.1 LARGE VISION-LANGUAGE MODELS

Recently, Large Vision-Language Models (LVLMs) have attracted significant attention. Besides
the powerful business models such as GPT-4V, GPT-40, Gemini, and Claude (OpenAlL [2023;2024;
Team et al., [2023} |Anthropicl |2024)), many open-source LVLMs exist. Although LVLMs with an
integrated overall structure (Wu et al.} 2023} [Zhan et al., 2024} Team) 2024) have been emerging and



Under review as a conference paper at ICLR 2025

becoming a new trend gradually, traditional aligning-based LVLMSs (Liu et al.|[2023a} Bai et al.| [2023];
Zhu et al.| 2023} Dai et al.| 2024) still make up the majority. With the aid of strong large language
models such as LLaMA (Touvron et al.,2023) or Vicuna (Chiang et al.} 2023)), and a powerful vision
encoder such as CLIP (Radford et al., [2021]), they managed to align visual comprehension with
remarkable language generation capabilities, formulating powerful vision understanding models.
However, all of the aforementioned LVLMs still face significant LT issues regardless of their structure
or training phases. Therefore, this paper focuses on addressing the LT problems to facilitate the
practical application of LVLMs.

2.2 DATA DEVELOPMENT OF LVLMS

The instruction-tuning data for VLMs typically includes carefully crafted instructions designed to
enhance the general instruction-following capabilities or improve downstream task performance of
LVLMs. These instructions are often generated by large language models (LLMs) like GPT-4 (Liu
et al.} [2024a) or LVLMs such as GPT-4V (Chen et al., [2024b; |Yan et al.l|2024; Tang et al.| [2024)).
Notably, ShareGPT4V (Chen et al.,|2023b) was initially developed from 100K high-quality captions
collected from GPT-4V, which were later expanded to 1.2M using a captioning model. Additionally,
various data augmentation techniques are employed during LVLM development, such as random
cropping and flipping for vision encoders (Ye et al.,|2024) and projectors (Li et al., 2023c; |Ye et al.,
2023al), as well as word- and sentence-level augmentation for instruction tuning (Chen et al.|[2024a)).
However, these augmentation methods often overlook the inherent distribution of the training data,
leading to an inability to balance the data distribution effectively.

In addition to data acquisition and augmentation, there is also significant research on data filtering.
Several papers have addressed the data diet problem for instruction-tuning in Vision-Language
Models (VLMs) (Wei et al.| 2023} [Liu et al., [2024b; |Chen et al.| [2024d; Lee et al.,[2024). For instance,
Paul et al.| (2021) introduces two popular importance scores for effective data pruning. Self-Filter
(Chen et al., 2024d) adapts gradient as an importance score to train a scoring network, which then
filters out important instances. TIVE (Liu et al.,[2024b)) leverages gradient-based importance scores
to design a data filtering pipeline, achieving comparable performance to the original LVLM version
while using less data. COINCIDE (Lee et al., 2024) examines the distributional differences between
training sets and benchmark data, using a smaller model as a reference to select visual instruction
tuning data for more efficient fine-tuning of the target LVLM. However, while existing data filtering
and data balancing methods have shown potential in achieving performance on par with the baseline
and improving data efficiency, the overall improvements remain modest.

2.3 LONG TAIL ANALYSIS OF VLMSs

Quantities of work have been done to analyze the long tail problem of traditional VLMs. Some
recent studies (Shao et al.| 2023} |Wang et al.,|[2022; Zhu et al., [2024) seek to mitigate imbalanced
predictions of VLMs by training on additional data from downstream tasks. MetaCLIP (Xu et al.,
2023) analyzes the long tail problem of CLIP pre-training data and uses sub-string matching and
inverted indexing to balance the pre-training dataset. REAL (Parashar et al., 2024) analyzes the long
tail problem of popular image recognition datasets and designs a tail concept replacement method
during the inference stage, significantly improving the recognition accuracy of VLMs. However, the
LT problem within generative LVLMs is still under-explored.

3 ANALYSIS

3.1 PRELIMINARY

In the process of LVLM training, the training data typically consists of text-image pairs. However,
most of the current visual instruction tuning methods (Liu et al.}[2023a; 2024 a; |Chen et al.|[2023b)
contain more than one stage, and the format of the training data varies among different stages. Popular
methods often consist of 2 stages, i.e. pre-training (alignment) and instruction-tuning (fine-tuning).
In the instruction-tuning process of LVLMs, the training data is typically represented as D = (I, C),
where I denotes the image input and C' represents the corresponding conversation. This paper focuses
primarily on the instruction-tuning process of LVLMs, and thus, the data instances referenced
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Figure 2: An overview of our ADR approach. In the Analyzing Stage, we first extract entities—such
as tokens, objects, co-occurrences, and interrogations—from the training instances, then construct
a quantity distribution using a reverse-indexed entity-to-instance mapping. In the DR Stage, we
adaptively rebalance the redundant data based on the entity distribution identified in the Analyzing
stage. Finally, in the DS Stage, we utilize DDPM and the latent representations of scarce image
instances to synthesize the underrepresented data.

throughout correspond to (I, C). Each data instance contains entities that capture fine-grained
semantic information. We extract these entities from different perspectives for further analysis. The
complete pipeline of our analysis and approach is illustrated in Figure 2}

3.2 ENTITY DISTRIBUTION CONSTRUCTION

To conduct a detailed analysis of the LT problems within LVLMs, we refine our analysis perspective
into four aspects, namely Token, Object, Co-occurrence, and Interrogation. Specifically, we conduct
the whole analysis procedure by constructing the frequency distribution of entities Q). from these 4
different perspectives among the whole training set.

Token entities are a set of meaningful nouns that are extracted from the text within data instances.
e: = {n|n is a meaningful noun and appears in C for (I, C') in D}. Technically, we employ a POS
parser, stanza (Q1 et al., |2020) to extract all nouns from each data instance within the training
set, identifying them as token entities. Subsequently, we compute the frequency distribution of all
extracted token entities across the entire training set.

Object entities represent the objects that truly exist in the image within data instances. e, =
{olo exists in I for (I, C') in D}. We initially employ language models (LM), i.e., Llama3 (Touvron
et al.| [2023)) to extract all potential objects from the textual records of each data instance within
the training set. The full prompts used to extract object information are detailed in the Appendix
[C.1] Subsequently, we input the image along with all token entities and LM-extracted objects into a
visual grounding model, i.e., GroundingDINO (Liu et al.,[2023b)) to identify visual objects for each
data instance, termed as object entities. Finally, we compute the frequency distribution of all object
entities across the entire training set.

Co-occurrence entities represent two objects that appear in the same image of one data instance. e, =
{(01, 02)]01, 02 both exist in I for (I,C) in D}. We utilize the extracted object entities to construct a
co-occurrence graph G(V, E'). The vertex set V comprises {o|o represents one object entity }, and the
edge set F = {(01, 02,n)|o1 and o9 appear together in the same image for n times}. Subsequently,
we employ the edge set E as co-occurrence entities to compile the frequency distribution of all
co-occurrence entities across the entire training set.

Interrogation entities are the questioning methods used in the text within data instances. e,, = {q|q
is the questioning method in C for (I, C) in D}. We employ language models (LM) to extract all
methods of posing questions from the data instances, defining them as interrogation entities. We
then calculate the frequency distribution of all interrogation entities across the entire training set. We
extract all four kinds of entities from LLaVA (Liu et al.| |2023a)’s instruction-tuning dataset and the
Top-20 frequently shown entities can be found in the Appendix
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Figure 3: Long-tail distribution in instruction-tuning and benchmark datasets: (a) Token-level word
distribution in MME (Fu et al., [2023). (b) Token-level word distribution in InstructMix665K (Liu
et al., [2024a). (c) Object-level word distribution in MME |Fu et al.| (2023)). (d) Object-level word
distribution in InstructMix665K (Liu et al., 2024a).

3.3 REVERSE INDEXING

Table 1: Relative data volume of tail data after
To observe the severity of long-tail issues within ~reverse indexing. “Tok,” “Obj,” “Co,” and “Int”
the training data and build a connection between represent Token, Object, Co-occurrence, and Inter-
entities and data instances, we build a reverse rogation, respectively. %E denotes the percentage
indexing dictionary mapping from the entities in ~ of tail entities, while %DI indicates the percentage
four different perspectives backward to the data of tail data instances.
instances. Subsequently, we use the number of
data instances corresponding to each entity as Data Level thres %E % DI
frequency to build the reversed distribution (),. Tok 120 987 100

of four perspectives. Obj 304 980 100

LLaVA

Taking LLaVA 1.5 (Liu et al.,|2023a)’s instruc- Co 24 92.7 25.0
tion tuning data as an example, we count the Int 4395 99.6  10.0
number of data instance matches for each entity Avg. = 97.25 13.75

and build a reversed distribution based on the

mapping data. The tail data’s thresholds and relative data volume are shown in Table[I] Surprisingly,
among 4 perspectives, an average of 97.25% entries account for only 13.75% data instances on
average, which can partially illustrate the scarcity of tail data and severity of the long-tail problem
existing in LVLMs’ training data.

3.4 WHY MITIGATING THE LT PROBLEM CAN BOOST THE PERFORMANCE OF LVLMSs?

* Unbalanced training data. We begin by illustrating the long-tail (LT) problem in training data
through a detailed analysis. Using LLaVA 1.5’s instruction-tuning data as an example (Liu et al.|
2023a), the distribution curve shown in Figure [3|reveals a pronounced imbalance in the distribution
of entities. The head (high-frequency) entities appear significantly more often than those in the
tail (low-frequency). Although real-world data distributions are typically long-tailed, balanced
data is more effective in facilitating the learning of tail concepts (Parashar et al., 2024). The
unbalanced entity distribution in training data limits models’ ability to adequately learn these tail
concepts. Furthermore, several studies (Liu et al.| 2024b; 2023a) have shown that current LVLM
instruction-tuning datasets contain substantial redundancy, indicating that reducing part of the
training data has minimal impact on performance and helps mitigate overfitting. Our experimental
results further support this finding.

» Tail data accounts for more failed cases. Moreover, we found that tail data accounts for more
failed cases, indicating that it is also necessary to supplement the scarce tail data. We evaluate the
model’s performance on two popular benchmarks, POPE and MME, and analyze the failed cases,
as incorrect responses generated by LVLMs often reveal the model’s weaknesses. Consequently,
we rank the failed cases based on the entity distribution of LLaVA’s instruction-tuning data and
extract the bottom (tail) 50% of these cases. Next, we measure the number of entities and data
instances corresponding to these errors. The results, presented in Table [2] reveal that the tail
50% of failed cases cover over 99% of entities and account for an average of 68.65% of training
instances. Additionally, we plot a cumulative error curve with entity distribution on the horizontal
axis, ordered from most to least frequent. The cumulative curve is shown in Figure E} Further, we
analyze the distribution locations of incorrect and correct answers generated by LLaVA 1.5 (Liu
et al.,[2023a) in POPE (L1 et al.,[2023d)) and MME (Fu et al.,[2023)). The results are shown in the



Under review as a conference paper at ICLR 2025

100 100

80

80 80

60 60

MME(156, 50%)
POPE(120, 50%)

60

MME(7448, 50%)

MME(153, 50%)
POPE(3496, 50%)

POPE(90, 50%)

40
4
40 0

20 MME

Error accumulation(%)
Error accumulation(%)
Error accumulation(%)

— MME 20 MME
—— POPE 20 —— POPE —— POPE
0 0 3000 6000 9000 12000 0 4500 9000 13500 18000 0 76000 152000 228000 304000
o7 Q? Qf
(a) Token (b) Object (c) Co-occurrence

Figure 4: Error accumulate curve of popular benchmarks based on the training data distribution. (a)
Token-level word distribution in MME (Fu et al., [2023) and POPE (Li et al., 2023d). (b) Object-level
word distribution in MME and POPE. (c¢) Co-occurrence-level word distribution in MME and POPE.

Appendix [B.3] Interestingly, despite the influence of the averaging effect, the average locations of
wrong answers tend to be positioned further towards the tail of the distribution compared to correct
answers, indicating the promoting space of tail instances.

¢ Distribution varies between train and test data. Besides, the distribution of train and test data is
also different. In statistics-based deep learning, it is assumed that the training data maintains the
same distribution as the evaluation data. Based on the intuition that a larger bias between distribu-
tions can result in performance loss, we examine the differences between the entity distributions
of the training and evaluation data. We select LLaVA 1.5’s training data (Liu et al., 2023al), as
well as the evaluation data from POPE (Li et al.}|2023d) and MME (Fu et al., [2023)), and plot the
distribution curves for both the training and evaluation data on the same scale in a single graph.
The resulting co-distribution is presented in Figure [3] Notably, a clear difference between the
distributions of the evaluation and training data can be observed.

4  APPROACH

4.1 DATA REBALANCING STAGE

As shown in Figure 3] Entities among the four per- Table 2: Relative training data volume for
spectives suffer from LT problems, where the head the tail 50% of failed cases. “Tok,” “Obj,”

part of the distribution turns out to be exponential. To and “Co” refer to Token, Object, and Co-
mitigate the LT problem, our ADR starts by alleviat- occurrence, respectively. %E denotes the
ing the redundancy problem existing in training data. percentage of tail entities, while %DI rep-

Concretely, we do this by flattening the exponential resents the percentage of tail data instances.
distribution and decimating the duplicated entities.

Data Level thres % E % DI

4.1.1 PROBABILITY

Tok 156 9998 75.23
DICTIONARY CONSTRUCTION MME  Obj 153 9983 5133
We conduct the DR stage by initially settling down Co 7448 99.02  69.62
the resampling ratios of redundant data instances. Tok 120 9998  80.50
First, we use the entity distribution construction =~ POPE  Obj 90  99.71 59.76
method mentioned in Section to construct the Co 3496 99.54 7545

distribution dictionary @. for each entity within all
selected perspectives C. Subsequently, we construct
the reverse indexing dictionary and use the data in-
stance numbers mapped by entities N, as frequency to build a reversed distribution @,., which is
used to distinguish between head and tail data and calculate the sampling ratio p,. A threshold 7
distinguishes the head and tail data. 7 is an entity’s position in (),- while entities before 7 count for a
small ratio of all entities but are mapped to massive data instances. We set 7 as indicated in Table
[1] consistent with the values used in the analysis stage. For an entity e of perspective z, we set the
probability of sampling by P. = 7,/N,,.

Avg. - - 99.68  68.65

After constructing the probability dictionary of each entity e, we start from @), to sample the selected
data. Since each data instance contains several entities in ()., we sample each entity among one
instance. So we introduce a new hyperparameter n,,, which means the data instance with the total
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Algorithm 1 Pseudo Code for Data Resampling

I D_bal=[] # D_bal is the rebalanced data, a.k.a. D=

> for pers in C: # build prob dict

3 entity_dist = entity_distribution_construction (D, pers)
prob_dict [pers] = {ent:tau[pers]/entry_dist[ent] for ent in

entry_dict.keys ()} # tau is threshold for different entities
5 for instance in D: # do distribution balancing

6 pass_cnt = 0
7 for pers in C: # C 1s selected perspectives
8 for entity in instance[’entities’] [pers]:

9 if random.random() < prob_dict[pers] [entity]:

10 pass_cnt += 1

1 break

12 if pass_cnt > n_p and random.random() < alpha:

13 D_bal.append(instance) # n_p, alpha: hyperparameters

number of sampled entities over n,, is selected. We conduct this procedure over the full dataset, and
the final selected core set is denoted as D*. The detailed method is demonstrated in Algorithm I}

4.2 DATA SYNTHESIS STAGE

Despite the presence of redundancy in the head entities, the issue of scarcity in the tail entities still
persists. To alleviate the issue of scarcity, we design the data synthesis methods from the perspective
of vision and language. Figure[2]displays the full data adjusting framework.

4.2.1 LANGUAGE DATA SYNTHESIS

We introduce a method for synthesizing the tail data at the language level. The core idea is to replace
head concepts with tail ones. First, we use WordNet (Fellbaum, [1998) to extract all synonyms of
token entities and construct a mapping system. For each head instance, we extract its linguistic
entities, search for their synonyms in the mapper, and filter out the head ones. Next, we feed the
original head conversation into a language model (LM) and prompt the LM to rewrite the conversation
using the selected tail synonyms. Full prompts to instruct LMs can be found in Appendix [C.2] It’s
important to note that certain stop words, such as “image” should not be replaced.

4.2.2 DIFFUSION BASED VISUAL DATA SYNTHESIS

In addition to the language synthesis method, we propose a more comprehensive approach that allows
tail data synthesis from multiple perspectives. The scarcity of objects and co-occurring objects can
be addressed by editing tail images into different styles without altering the key entities. Meanwhile,
a rewriting process can resolve the scarcity of tokens and interrogation methods. In our analysis of
the long-tail problem, we determine whether a data instance is selected using P, and n,,.

However, in certain cases, the probability P, may exceed 1. The absolute value of P, also provides
some insight into the scarcity of a data instance. This value can be used to decide how many instances
to synthesize. Notably, 76 % of the synthetic data has a P, value of less than 5, so we utilize this
method to determine the synthetic quantity for each data instance. The synthetic quantity for each
data instance d = (I, C) can be calculated as:

0 if Py <1,
P; =max Pe; Naaug = |/P;| if1<P; <35, 60
’ 2 if5 < Py,

After setting down the synthesis quantity of each tail instance, we utilize diffusion models (Croitoru
et al., 2023 Ho et al., 2020; Rombach et al.l |2022) to do visual generation for tail instances.
Given a tail instance d; = (I, C}), our objective is to generate an image similar to / and produce
corresponding instruction data, specifically in the form of conversations. To achieve this, we utilize
Stable-Diffusion-V2 as our DDPM model, which can generate a new image G(g(t), n) based on
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Table 3: Comparison with models trained with different methods on different benchmarks. IT
represents the number of training instances used during instruction tuning. +DR denotes the results
after the data rebalancing stage, while +DS represents the results following the data synthesis stage.
Benchmark names are abbreviated due to space limits. *: ShareGPT4V’s instruction tuning stage
refers to the 2nd stage (3 in total). The best results are indicated in bold.

Method IT* | VQA¥? SQA! MMMU MME® MMS VQAT GQA QB> VQA°% MMB

LLaVA L.5 665.0K 76.6 69.3 353 1510.7 335 46.0 619 473 532 64.3
+DR 581.0K 76.9 69.5 34.8 1470.6  33.8 46.0 62.8 46.8 55.3 65.5
+DR +DS 665.0K 76.9 70.2 36.3 1511.3 355 46.5 62.9 49.6 55.1 65.0

ShareGPT4V ~ 1246.0K 78.6 68.9 35.1 1560.4 347 50.2 633 442 54.0 68.0
+DR 1168.0K | 78.7 68.6 35.7 15423 35.0 50.9 63.9 449 56.7 67.9
+DR +DS 1246.0K | 78.7 69.4 36.1 15649 355 50.9 63.7 45.7 57.9 68.8

natural language descriptions t, where n ~ N (0, 1) represents the sampling noise. However, since
it’s required to generate another style for I; without interference from text inputs in DDPM models,
similarly to |Feng et al.|(2023), we adopt CLIP embeddings e; = forrp(1;) to replace g(t). Thus,
the synthetic image can be generated as:

It,syn = G(fCLIP (It), n) )

After generating the synthesis image I; ,,», the next step is to obtain a descriptive conversation
paired with the image to serve as the instruction tuning data instance. For this purpose, we utilize
an off-the-shelf vision captioner to generate captions C'ap; syn, for I; 5. Subsequently, we extend
the captions into conversations, as required by visual instruction tuning. During this stage, we use a
language model (LM) to expand the captions into full conversations, with the prompts for expansion
provided in Appendix This process enables us to effectively synthesize scarce data instances,
helping to alleviate the LT problem from all four perspectives.

5 EXPERIMENTS

5.1 BASELINE MODELS

In this paper, we select LLaVA1.5 and ShareGPT4V as our baseline method. We conduct our LT
mitigating method (ADR) on these two models to verify the effectiveness.

LLaVA 1.5 (Liu et al.,[2024a; |2023a) represents a novel end-to-end trained large multimodal model
that combines a vision encoder and Vicuna for general-purpose visual and language understanding,
achieving impressive chat capabilities.

ShareGPT4V (Chen et al., 2023b)) uses the adjusted training data obtained by GPT-4 and post-
trained ShareCapioner and improves the performance of existing VLMs. Though they focus on data
adjustment either, the long-tail problem remains, that is, our method is orthogonal to ShareGPT4V.

5.2 BENCHMARKS

To evaluate changes in the model’s overall capabilities and performance, we utilized a comprehensive
set of widely recognized benchmarks, spanning a broad range of academic Visual Question-answering
(VQA) tasks and recent benchmarks designed to test the extensive abilities of LVLMs. The VQA
series benchmarks (Goyal et al.,[2017; Marino et al.,[2019} [Singh et al., [2019) represent traditional,
comprehensive VQA tasks. GQA (Hudson & Manning|, 2019) evaluates multiple reasoning skills and
spatial understanding, which presents a greater challenge. The MME Benchmark (Fu et al.| [2023))
assesses the comprehensive capabilities of LVLMs through a series of carefully crafted questions
spanning 14 distinct sub-tasks. MMBench and MMBench-CN (Liu et al.| [2023c)) are designed to
assess the model’s vision-based reasoning and perceptual abilities in both English and Chinese.
MMSTAR (Chen et al.| [2024c) and SEED (Li et al., 2023b) evaluate the model’s comprehensive
ability from different aspects. ScienceQA (Lu et al.| [ 2022)) evaluates LVLMs on multimodal, multiple-
choice science questions, while MMMU (Yue et al., 2023)) tests LVLMs across multiple disciplines,
requiring college-level subject knowledge and sophisticated reasoning. Finally, Q-Bench (Wu et al.}
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Table 5: Performance comparison across existing data balancing methods. The best results are
indicated in bold, and the second-best results are underlined.

Method IT | VQA” GQA VizWiz SQA! VQAT POPE MME MMB MMB® MMS QB2
LLaVA 1.5 6650K | 766 620 500 668 460 859 15107 643 553 335 473

Random 581.0K | 76.9 62.3 55.6 68.8 46.4 87.2 14724  65.5 55.7 349 473
perplexity 581.0K
COINCIDE 133K

Our-Balance 581.0K
Ours 665.0K

76.7 62.3 553 68.8 45.8 86.8 14844  63.7 54.7 337 471
76.5 59.8 46.8 69.2 - 86.1 14956 63.1 54.5 -

76.9 62.8 53.8 69.5 46.0 87.2 1470.6  65.5 55.7 338 468
76.9 62.9 56.8 70.2 46.5 86.9 1511.3  65.0 56.0 355 496

2024) focuses on assessing low-level perception. All benchmarks we used and their abbreviations
can be found in Appendix[A.1]

5.3 RESULTS FOR COMPREHENSIVE EVALUATION

The results on the 10 selected benchmarks are  Table 4: Tail concept prediction accuracy (%)
shown in Table 3] By balancing the training on ScienceQA-IMG (Lu et all 2022) dataset.
data while retaining 87% of its original scale, Tail@k% (simplified as @k), head@k% (simpli-
our method outperforms the baseline on most  fied as H@k), and overall accuracy are reported.
benchmarks. After the DS stage, with the same +DR denotes the results after data rebalancing,
data scale as LLaVA 1.5, our method achieves  while +DS represents the results following the data
an average relative improvement of 2.26%. No-  gynthesis stage. Bold numbers represent the best
tably, it outperforms the baseline by an average results across all methods.

of 5.42% relatively on challenging benchmarks

like MMStar and Qbench-2. ScienceQA

Methods FT
Al displ d th . b @5 @10 @15 @20 H@80 Overall
$0, we displaye the comparison etween LLaVA 1.5 6650K 679 700 679 685 74.6 69.3

our method and popular data-balancing meth- +DR 581.0K 692 69.7 67.8 685 762  69.5
ods such as random, perplexity (Marion et al. +DR+DS  665.0K 701 705 683 69.0 786 702
2023)), and COINCIDE (Lee et al.,[2024) in ta-

ble[5] However, COINCIDE hasn’t made their code yet, so we obtained the result from their papers.
Our method consistently outperforms the baselines across the majority of benchmarks, which cover
a wide range of comprehensive tasks. Additionally, our approach focuses on mitigating LT issues
and is orthogonal to most existing data balancing and augmentation methods. This means it can be
applied alongside those techniques to achieve even better performance across various benchmarks.

5.4 PERFORMANCE ON TAIL INSTANCES

In addition to the main results on comprehensive benchmarks, we assess the model’s performance
on tail concepts to validate the effectiveness of improving tail concept performance. We selected
ScienceQA (Lu et al.,|2022) and VQAV?2 (Goyal et al.l 2017) to evaluate performance on tail data.
First, we applied the same method described in Section [3.2] to extract entities from the selected
benchmark data and build their reverse indexed distribution. Subsequently, for each data instance,
we calculated the average distribution position across each perspective and determined whether the
data instance falls into the tail category by 1(average(L;) > 7r). Here, 1 represents an indicator
function. We set different thresholds to make sure to get different ratios of tail data. We then
extract the tail data instances of different rations and evaluate the performance accordingly. The
complete results for tail performance are presented in Table ] and Figure [T[b). As shown in the
table, our method effectively improves tail performance without compromising the head or overall
performance, demonstrating the efficacy of our approach.

6 ABLATION STUDY

6.1 ABLATION OF DIFFERENT COMBINATIONS OF PERSPECTIVES

To determine the most effective rebalancing and synthesis method, we train the model using data
processed with different combinations of perspectives and subsequently evaluate the target model.
The results are presented in Figure [5] (a). We assess these combinations based on average perfor-



Under review as a conference paper at ICLR 2025

T+O+CH+W Jeoss 60.8
0+CH+W s9.8
THCHW Joo.s
THo+W Jooss Single Aug Plain Aug
T+0+C Jserm 60.4
c+w Joo.a
o+w 594
o+c 5.6
THwW Jso6
T+C Jso.6
T+O 604
w{]ss.1
S — )
o 59.0

60.3

59.8

Average Score

52.7
All 10 TR TWR PASA PANC
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Figure 5: Ablation study on data rebalancing combinations (a) and synthesis methods (b). T, O, C,
and W refer to Token, Object, Co-occurrence, and Interrogation respectively. The values displayed in
the graph represent average scores across a variety of comprehensive benchmarks. The blue dashed
line indicates the baseline performance of LLaVA 1.5.

mance across different benchmarks, the number of top-ranked results, and performance stability.
While several combinations achieved the highest average performance, the full combination of all
perspectives proved to be the most stable, as it ranked first in both the number of top performances
and stability. Detailed results can be found in the Appendix

6.2 ABLATION OF SYNTHESIS METHODS

In addition to the perspective combination selection during the Data Rebalancing stage, we present
our ablation study on different synthesis methods. Synthesis is performed on the same rebalanced
data checkpoint across all perspectives to determine which method is the most effective.

We select six synthesis or augmenting methods, divided into language synthesis methods (Sec[4.2.1)
and vision synthesis methods (Sec4.2.2). The following methods are tested: All: Tail instances
are selected from all four perspectives, with full visual data synthesis (Sec4.2.2)) applied. Image
Only (I0): Tail instances are selected from all four perspectives, applying visual data synthesis
(Sec[4.2.2)), but the conversation text remains unchanged. Token Rewrite (TR): Full language data
synthesis (Sec4.2.T)) methods are applied. TW Rewrite (TWR): Tail instances are selected based on
Token and Interrogation perspectives, and the conversations are rewritten using a language model
(LM). PlainAug SimpAdd (PA SA): Tail data are selected from all four perspectives, and simple
resampling is applied. PainAug NewCap (PA NC): Tail data are selected from all four perspectives,
followed by re-captioning, with the new captions incorporated into conversations using the same
method with Sec £.2.21

We use these synthesis methods to restore the data to 665K and test which checkpoint yielded the
best performance using the same volume of training data. We assess these methods based on average
performance across different comprehensive benchmarks. The results are displayed in Figure [5(b),
while detailed results can be found in the Appendix [A.2]

7 CONCLUSION

In this paper, we analyze the relation between the LT problem existing in LVLM instruction tuning
data from multiple perspectives and make the first attempt to mitigate it. Our analysis reveals that
unbalanced data can result in a performance gap between the head data and the tail data and therefore
harm the model’s performance. Based on them, we develop an Adaptive Data Refinement Framework
(ADR), which first balances the redundant head data from different perspectives and then adjusts
the unbalanced tail data volume with a specific focus on tail distribution. Experimental results
demonstrate that our method improves the tail performance and overall performance without harming
the head part performance, resulting in a more robust LVLM instruction-tuning pipeline.

10



Under review as a conference paper at ICLR 2025

REFERENCES

Marah Abdin, Sam Ade Jacobs, Ammar Ahmad Awan, Jyoti Aneja, Ahmed Awadallah, Hany
Awadalla, Nguyen Bach, Amit Bahree, Arash Bakhtiari, Harkirat Behl, et al. Phi-3 technical report:
A highly capable language model locally on your phone. arXiv preprint arXiv:2404.14219, 2024.

Anthropic. Introducing the next generation of claude. https://www.anthropic.com/news/
claude—3—-family, 2024. Accessed: 2024-09-26.

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang, Sinan Tan, Peng Wang, Junyang Lin, Chang Zhou,
and Jingren Zhou. Qwen-vl: A versatile vision-language model for understanding, localization,
text reading, and beyond. arXiv preprint arXiv:2308.12966, 2023.

Delong Chen, Jianfeng Liu, Wenliang Dai, and Baoyuan Wang. Visual instruction tuning with
polite flamingo. In Proceedings of the AAAI Conference on Artificial Intelligence, volume 38, pp.
17745-17753, 2024a.

Guiming Hardy Chen, Shunian Chen, Ruifei Zhang, Junying Chen, Xiangbo Wu, Zhiyi Zhang,
Zhihong Chen, Jianquan Li, Xiang Wan, and Benyou Wang. Allava: Harnessing gpt4v-synthesized
data for a lite vision-language model. arXiv preprint arXiv:2402.11684, 2024b.

Keqin Chen, Zhao Zhang, Weili Zeng, Richong Zhang, Feng Zhu, and Rui Zhao. Shikra: Unleashing
multimodal 1lm’s referential dialogue magic. arXiv preprint arXiv:2306.15195, 2023a.

Lin Chen, Jisong Li, Xiaoyi Dong, Pan Zhang, Conghui He, Jiaqi Wang, Feng Zhao, and Dahua
Lin. Sharegpt4v: Improving large multi-modal models with better captions. arXiv preprint
arXiv:2311.12793, 2023b.

Lin Chen, Jinsong Li, Xiaoyi Dong, Pan Zhang, Yuhang Zang, Zehui Chen, Haodong Duan, Jiaqi
Wang, Yu Qiao, Dahua Lin, et al. Are we on the right way for evaluating large vision-language
models? arXiv preprint arXiv:2403.20330, 2024c.

Ruibo Chen, Yihan Wu, Lichang Chen, Guodong Liu, Qi He, Tianyi Xiong, Chenxi Liu, Junfeng
Guo, and Heng Huang. Your vision-language model itself is a strong filter: Towards high-quality
instruction tuning with data selection. arXiv preprint arXiv:2402.12501, 2024d.

Zhe Chen, Jiannan Wu, Wenhai Wang, Weijie Su, Guo Chen, Sen Xing, Muyan Zhong, Qinglong
Zhang, Xizhou Zhu, Lewei Lu, Bin Li, Ping Luo, Tong Lu, Yu Qiao, and Jifeng Dai. Internvl:
Scaling up vision foundation models and aligning for generic visual-linguistic tasks. arXiv preprint
arXiv:2312.14238, 2023c.

Wei-Lin Chiang, Zhuohan Li, Zi Lin, Ying Sheng, Zhanghao Wu, Hao Zhang, Lianmin Zheng,
Siyuan Zhuang, Yonghao Zhuang, Joseph E. Gonzalez, Ion Stoica, and Eric P. Xing. Vicuna: An
open-source chatbot impressing gpt-4 with 90%* chatgpt quality, March 2023. URL https:
//1lmsys.org/blog/2023-03-30-vicuna/.

Florinel-Alin Croitoru, Vlad Hondru, Radu Tudor Ionescu, and Mubarak Shah. Diffusion models
in vision: A survey. IEEE Transactions on Pattern Analysis and Machine Intelligence, 45(9):
10850-10869, 2023.

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

Xiaoyi Dong, Pan Zhang, Yuhang Zang, Yuhang Cao, Bin Wang, Linke Ouyang, Xilin Wei, Songyang
Zhang, Haodong Duan, Maosong Cao, et al. Internlm-xcomposer2: Mastering free-form text-image
composition and comprehension in vision-language large model. arXiv preprint arXiv:2401.16420,
2024.

Christiane Fellbaum. Wordnet: An electronic lexical database. MIT Press google schola, 2:678-686,
1998.

11


https://www.anthropic.com/news/claude-3-family
https://www.anthropic.com/news/claude-3-family
https://lmsys.org/blog/2023-03-30-vicuna/
https://lmsys.org/blog/2023-03-30-vicuna/

Under review as a conference paper at ICLR 2025

Chun-Mei Feng, Kai Yu, Yong Liu, Salman Khan, and Wangmeng Zuo. Diverse data augmentation
with diffusions for effective test-time prompt tuning. In Proceedings of the IEEE/CVF International
Conference on Computer Vision, pp. 2704-2714, 2023.

Chaoyou Fu, Peixian Chen, Yunhang Shen, Yulei Qin, Mengdan Zhang, Xu Lin, Jinrui Yang, Xiawu
Zheng, Ke Li, Xing Sun, Yunsheng Wu, and Rongrong Ji. Mme: A comprehensive evaluation
benchmark for multimodal large language models. arXiv preprint arXiv:2306.13394, 2023.

Yu Fu, Liuyu Xiang, Yumna Zahid, Guiguang Ding, Tao Mei, Qiang Shen, and Jungong Han.
Long-tailed visual recognition with deep models: A methodological survey and evaluation. Neuro-
computing, 509:290-309, 2022.

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.

Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic models. Advances in
neural information processing systems, 33:6840-6851, 2020.

Drew A Hudson and Christopher D Manning. Gqa: A new dataset for real-world visual reasoning
and compositional question answering. In Proceedings of the IEEE/CVF conference on computer
vision and pattern recognition, pp. 6700-6709, 2019.

Sahar Kazemzadeh, Vicente Ordonez, Mark Matten, and Tamara Berg. Referitgame: Referring to
objects in photographs of natural scenes. In Proceedings of the 2014 conference on empirical
methods in natural language processing (EMNLP), pp. 787-798, 2014.

Jaewoo Lee, Boyang Li, and Sung Ju Hwang. Concept-skill transferability-based data selection for
large vision-language models. arXiv preprint arXiv:2406.10995, 2024.

Bohao Li, Yuying Ge, Yixiao Ge, Guangzhi Wang, Rui Wang, Ruimao Zhang, and Ying Shan. Seed-
bench-2: Benchmarking multimodal large language models. arXiv preprint arXiv:2311.17092,
2023a.

Bohao Li, Rui Wang, Guangzhi Wang, Yuying Ge, Yixiao Ge, and Ying Shan. Seed-bench: Bench-
marking multimodal 1lms with generative comprehension. arXiv preprint arXiv:2307.16125,
2023b.

Junnan Li, Dongxu Li, Silvio Savarese, and Steven Hoi. Blip-2: Bootstrapping language-image
pre-training with frozen image encoders and large language models. In International conference
on machine learning, pp. 19730-19742. PMLR, 2023c.

Yifan Li, Yifan Du, Kun Zhou, Jinpeng Wang, Wayne Xin Zhao, and Ji-Rong Wen. Evaluating object
hallucination in large vision-language models. arXiv preprint arXiv:2305.10355, 2023d.

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. Advances in
neural information processing systems, 36, 2024a.

Shilong Liu, Zhaoyang Zeng, Tianhe Ren, Feng Li, Hao Zhang, Jie Yang, Chunyuan Li, Jianwei
Yang, Hang Su, Jun Zhu, et al. Grounding dino: Marrying dino with grounded pre-training for
open-set object detection. arXiv preprint arXiv:2303.05499, 2023b.

Yuan Liu, Haodong Duan, Yuanhan Zhang, Bo Li, Songyang Zhang, Wangbo Zhao, Yike Yuan, Jiaqi
Wang, Conghui He, Ziwei Liu, et al. Mmbench: Is your multi-modal model an all-around player?
arXiv preprint arXiv:2307.06281, 2023c.

Zikang Liu, Kun Zhou, Wayne Xin Zhao, Dawei Gao, Yaliang Li, and Ji-Rong Wen. Less is more:
Data value estimation for visual instruction tuning. arXiv preprint arXiv:2403.09559, 2024b.

Pan Lu, Swaroop Mishra, Tanglin Xia, Liang Qiu, Kai-Wei Chang, Song-Chun Zhu, Oyvind Tafjord,
Peter Clark, and Ashwin Kalyan. Learn to explain: Multimodal reasoning via thought chains for
science question answering. Advances in Neural Information Processing Systems, 2022.

12



Under review as a conference paper at ICLR 2025

Kenneth Marino, Mohammad Rastegari, Ali Farhadi, and Roozbeh Mottaghi. Ok-vqa: A visual
question answering benchmark requiring external knowledge. In Proceedings of the IEEE/cvf
conference on computer vision and pattern recognition, pp. 3195-3204, 2019.

Max Marion, Ahmet Ustiin, Luiza Pozzobon, Alex Wang, Marzieh Fadaee, and Sara Hooker.
When less is more: Investigating data pruning for pretraining llms at scale. arXiv preprint
arXiv:2309.04564, 2023.

OpenAl. Gpt-4v(ision) system card. https://cdn.openai.com/papers/GPTV_System_
Card.pdf, 2023. Accessed: 2024-09-26.

OpenAl. Gpt-4o system card. https://cdn.openai.com/gpt-4o-system-card.pdf,
2024. Accessed: 2024-09-26.

Shubham Parashar, Zhiqiu Lin, Tian Liu, Xiangjue Dong, Yanan Li, Deva Ramanan, James Caverlee,
and Shu Kong. The neglected tails in vision-language models. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition, pp. 12988-12997, 2024.

Mansheej Paul, Surya Ganguli, and Gintare Karolina Dziugaite. Deep learning on a data diet: Finding
important examples early in training. Advances in neural information processing systems, 34:

20596-20607, 2021.

Peng Qi, Yuhao Zhang, Yuhui Zhang, Jason Bolton, and Christopher D Manning. Stanza: A python
natural language processing toolkit for many human languages. arXiv preprint arXiv:2003.07082,
2020.

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.

Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjorn Ommer. High-
resolution image synthesis with latent diffusion models. In Proceedings of the IEEE/CVF confer-
ence on computer vision and pattern recognition, pp. 10684-10695, 2022.

Jie-Jing Shao, Jiang-Xin Shi, Xiao-Wen Yang, Lan-Zhe Guo, and Yu-Feng Li. Investigating the
limitation of clip models: The worst-performing categories. arXiv preprint arXiv:2310.03324,
2023.

Amanpreet Singh, Vivek Natarjan, Meet Shah, Yu Jiang, Xinlei Chen, Devi Parikh, and Marcus
Rohrbach. Towards vqa models that can read. In Proceedings of the IEEE Conference on Computer
Vision and Pattern Recognition, pp. 8317-8326, 2019.

Jingqun Tang, Chunhui Lin, Zhen Zhao, Shu Wei, Binghong Wu, Qi Liu, Hao Feng, Yang Li, Siqi
Wang, Lei Liao, et al. Textsquare: Scaling up text-centric visual instruction tuning. arXiv preprint
arXiv:2404.12803, 2024.

Chameleon Team. Chameleon: Mixed-modal early-fusion foundation models. arXiv preprint
arXiv:2405.09818, 2024.

Gemini Team, Rohan Anil, Sebastian Borgeaud, Yonghui Wu, Jean-Baptiste Alayrac, Jiahui Yu, Radu
Soricut, Johan Schalkwyk, Andrew M Dai, Anja Hauth, et al. Gemini: a family of highly capable
multimodal models. arXiv preprint arXiv:2312.11805, 2023.

Hugo Touvron, Louis Martin, Kevin Stone, Peter Albert, Amjad Almahairi, Yasmine Babaei, Nikolay
Bashlykov, Soumya Batra, Prajjwal Bhargava, Shruti Bhosale, et al. Llama 2: Open foundation
and fine-tuned chat models. arXiv preprint arXiv:2307.09288, 2023.

Xudong Wang, Zhirong Wu, Long Lian, and Stella X Yu. Debiased learning from naturally imbalanced
pseudo-labels. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 14647-14657, 2022.

Lai Wei, Zihao Jiang, Weiran Huang, and Lichao Sun. Instructiongpt-4: A 200-instruction paradigm
for fine-tuning minigpt-4. arXiv preprint arXiv:2308.12067, 2023.

13


https://cdn.openai.com/papers/GPTV_System_Card.pdf
https://cdn.openai.com/papers/GPTV_System_Card.pdf
https://cdn.openai.com/gpt-4o-system-card.pdf

Under review as a conference paper at ICLR 2025

Haoning Wu, Zicheng Zhang, Erli Zhang, Chaofeng Chen, Liang Liao, Annan Wang, Chunyi Li,
Wenxiu Sun, Qiong Yan, Guangtao Zhai, and Weisi Lin. Q-bench: A benchmark for general-
purpose foundation models on low-level vision. In ICLR, 2024.

Shengqgiong Wu, Hao Fei, Leigang Qu, Wei Ji, and Tat-Seng Chua. Next-gpt: Any-to-any multimodal
llm. arXiv preprint arXiv:2309.05519, 2023.

Hu Xu, Saining Xie, Xiaoqing Ellen Tan, Po-Yao Huang, Russell Howes, Vasu Sharma, Shang-Wen
Li, Gargi Ghosh, Luke Zettlemoyer, and Christoph Feichtenhofer. Demystifying clip data. arXiv
preprint arXiv:2309.16671, 2023.

An Yan, Zhengyuan Yang, Junda Wu, Wanrong Zhu, Jianwei Yang, Linjie Li, Kevin Lin, Jianfeng
Wang, Julian McAuley, Jianfeng Gao, et al. List items one by one: A new data source and learning
paradigm for multimodal llms. arXiv preprint arXiv:2404.16375, 2024.

Lu Yang, He Jiang, Qing Song, and Jun Guo. A survey on long-tailed visual recognition. International
Journal of Computer Vision, 130(7):1837-1872, 2022.

Jiabo Ye, Anwen Hu, Haiyang Xu, Qinghao Ye, Ming Yan, Yuhao Dan, Chenlin Zhao, Guohai Xu,
Chenliang Li, Junfeng Tian, et al. mplug-docowl: Modularized multimodal large language model
for document understanding. arXiv preprint arXiv:2307.02499, 2023a.

Qinghao Ye, Haiyang Xu, Guohai Xu, Jiabo Ye, Ming Yan, Yiyang Zhou, Junyang Wang, Anwen
Hu, Pengcheng Shi, Yaya Shi, Chaoya Jiang, Chenliang Li, Yuanhong Xu, Hehong Chen, Junfeng
Tian, Qian Qi, Ji Zhang, and Fei Huang. mplug-owl: Modularization empowers large language
models with multimodality, 2023b.

Qinghao Ye, Haiyang Xu, Jiabo Ye, Ming Yan, Anwen Hu, Haowei Liu, Qi Qian, Ji Zhang, and
Fei Huang. mplug-owl2: Revolutionizing multi-modal large language model with modality
collaboration. In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern
Recognition, pp. 13040-13051, 2024.

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.

Xiang Yue, Yuansheng Ni, Kai Zhang, Tianyu Zheng, Ruoqi Liu, Ge Zhang, Samuel Stevens,
Dongfu Jiang, Weiming Ren, Yuxuan Sun, et al. Mmmu: A massive multi-discipline multimodal
understanding and reasoning benchmark for expert agi. arXiv preprint arXiv:2311.16502, 2023.

Jun Zhan, Junqi Dai, Jiasheng Ye, Yunhua Zhou, Dong Zhang, Zhigeng Liu, Xin Zhang, Ruibin Yuan,
Ge Zhang, Linyang Li, et al. Anygpt: Unified multimodal llm with discrete sequence modeling.
arXiv preprint arXiv:2402.12226, 2024.

Chongsheng Zhang, George Almpanidis, Gaojuan Fan, Binquan Deng, Yanbo Zhang, Ji Liu, Aouaid-
jia Kamel, Paolo Soda, and Jodo Gama. A systematic review on long-tailed learning. arXiv preprint
arXiv:2408.00483, 2024.

Pan Zhang, Xiaoyi Dong, Bin Wang, Yuhang Cao, Chao Xu, Linke Ouyang, Zhiyuan Zhao, Haodong
Duan, Songyang Zhang, Shuangrui Ding, et al. Internlm-xcomposer: A vision-language large
model for advanced text-image comprehension and composition. arXiv preprint arXiv:2309.15112,
2023a.

Yifan Zhang, Bingyi Kang, Bryan Hooi, Shuicheng Yan, and Jiashi Feng. Deep long-tailed learning:
A survey. IEEE Transactions on Pattern Analysis and Machine Intelligence, 45(9):10795-10816,
2023b.

Beier Zhu, Kaihua Tang, Qianru Sun, and Hanwang Zhang. Generalized logit adjustment: Calibrating
fine-tuned models by removing label bias in foundation models. Advances in Neural Information
Processing Systems, 36, 2024.

Deyao Zhu, Jun Chen, Xiaoqgian Shen, Xiang Li, and Mohamed Elhoseiny. Minigpt-4: En-
hancing vision-language understanding with advanced large language models. arXiv preprint
arXiv:2304.10592, 2023.

14



Under review as a conference paper at ICLR 2025

A DETAILES OF EVALUATION METHODS

A.1 BENCHMARKS

All benchmarks we used and their abbreviations are introduced as follows.

VQAY2: VQA-V2 (Goyal et al. [2017); VQAT: TextVQA (Singh et al. [2019); VQACK: OK-
VQA (Marino et al. 2019); REF: Ref-COCO (Kazemzadeh et al., 2014); REF+: Ref-COCO+
(Kazemzadeh et al., |2014); GQA (Hudson & Manning, [2019); SQAL: ScienceQA-IMG (Lu et al.|
2022); FLIK: flickr30k (Young et al.,|2014); POPE (Li et al.,|2023d); SEED: SEED Bench (Li et al.,
2023b)); SEEDY2: SEED Bench v2 (Li et al.,[2023a); MMMU (Yue et al.,[2023); MMEP (Fu et al.,
2023); MMBN: MM-Bench Chinese (Liu et al., [2023c); MMB: MM-Bench English (Liu et al.}
2023c)); MMS (Chen et al., 2024c); QBZ: Q-Bench 2 (Wu et al., 2024).

A.2 SUPPLYMENTARY RESULTS OF ABLATION STUDY

We conducted an ablation study on different balancing combinations and synthesis methods. In
the ablation study of different rebalancing combinations, we conduct the DR stage using different
combinations of four perspectives, i.e., one or more from (Token, Object, Co-occurrence, and
Interrogation) to validate the effectiveness of different perspectives. The detailed results of the
balancing ablation experiment are presented in Table[6] We found that combining all perspectives
yields the best performance in terms of both the number of top results and performance stability.

Additionally, we conducted an ablation study on different synthesis methods. The results of the
augmentation and synthesis experiments are presented in Table[/| It is clear that synthesizing from
ALL perspectives (as outlined in Section[4.2.2)) yields the best performance.

B DETAILS OF ANALYZING STAGE

B.1 EXAMPLES OF ENTITIES

Entities are extracted from four perspectives: Token, Object, Co-occurrence, and Interrogations. The
top 20 entities from LLaVA 1.5’s instruction-tuning data are displayed in Figure[§]

B.2 ENTITY DISTRIBUTION CONSTRUCTION

In this work, we construct the entity distribution using both the pre-training and instruction-tuning
data from LLaVA 1.5, specifically LCS558K and Instructmix665K. To further compare the differences
between the training and test data, we also incorporate part of the distribution from POPE and MME
in the same figure. The complete results are shown in Figure[7]

B.3 ANALYSIS OF FAILED CASES

We experiment to observe the distribution location of failed cases. We first extract all entities within
the failed cases and calculate the max, min, and average location of these entities in the pertaining
distribution. Also, we calculate the distribution locations of the correct cases as well to compare. The
results are shown in Table 8| As shown in the table, it is easy to discover that the failed cases are
positioned further behind the correct ones in the distribution.

C PROMPTS

C.1 OBIJECT INFORMATION EXTRACTION

In this section, we release all of our prompts for guiding language models (LM) to do specific tasks.
Firstly during the analyzing stage, we utilize the LM to extract object information from the text within
data instances at the very first step during object entity extraction. This part of the prompt we used to
guide LM is illustrated in Figure
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Table 6: Full results of ablation study on different combinations of perspectives. T, O, C, and W refer
to Token, Object, Co-occurrence, and Interrogation respectively. The best results are indicated in
bold, and the second-best results are underlined.

T O C W| IT |VQA? VQAT VQA°® GQA SQA SQA! REF REF+ FLIK POPE SEED Avg.

baseline 665.0K | 76.6  46.0 532 619 704 693 294 285 749 869 60.6 59.8

v 488.1K | 76.5 46.6 553 623 70.8 692 285 281 738 867 602 59.8
v 1979K | 74.6  44.0 504 613 699 679 308 297 741 863 593 59.0

v 2424K | 752 433 473 613 700 685 314 298 762 868 59.0 59.0

v | 1763K | 739 430 463  60.7 695 667 323 31.7 719 856 574 581

v v 5342K | 76.7  47.1 556 628 714 681 303 291 754 869 609 604
v v 5534K | 75.7 445 528 620 70.8 684 304 292 751 864 599 59.6
v vV | 5215K | 7577 445 528 620 70.8 684 304 292 751 864 599 59.6
v v 2769K | 754  44.6 46.8 61.7 69.0 664 306 294 742 87.1 593 58.6

v vV [3183K | 75.7  44.6 509 61.8 715 690 299 290 749 868 596 594

v v |3499K | 768  46.8 544 625 715 688 299 292 757 868 615 604

v v VvV |3759K| 762 453 544 628 707 676 297 288 743 868 60.1 59.7

v v v |5755K | 768  46.7 567 624 712 688 30.1 29.1 759 872 612 60.6
v v v [5593K | 76.7 469 525 623 716 692 308 300 76.6 874 61.0 605
v v v 561.5K | 768  47.2 50.0 623 717 699 288 281 756 866 60.6 59.8
v v v Vv |58L7K| 769  46.0 553 628 714 69.5 302 297 762 872 61.0 60.6

Table 7: Full results of ablation study on different augmentation methods. Methods are introduced in
Sec@ The best results are indicated in bold, and the second-best results are underlined.

Method IT |VQA™ VQAT VQA% GQA SQA SQA' REF REF+ FLIK POPE SEED Avg.

ALL 665.0K | 769  46.5 551 629 720 70.2 305 299 762 869 613 608

Image Only 665.0K | 769 465 572 625 688 684 306 302 759 873 538 598
Token Rewrite ~ 665.0K | 76.9  46.1 492 624 706 68.6 323 313 06 874 541 527
TW Rewrite 665.0K | 76.9 46.9 549 625 689 687 310 303 775 875 537 599
PlainAug SimpAdd 665.3K | 76.8 46.2 560 63.0 717 693 293 285 741 86.6 617 603
PlainAug NewCap 665.3K | 76.8 46.7 546 621 685 694 31.1 307 773 877 541 599
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Figure 6: Top 20 entities of LLaVA 1.5’s instruction-tuning data.
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Figure 7: Long-tail distribution in instruction-tuning and benchmark datasets: (a) Token-level word
distribution in MME [2023). (b) Token-level word distribution in LCS558K
[20244). (c) Token-level word distribution in InstructMix665K [20244). (d) Object-level
word distribution in MME [Fu et al] (2023). (e) Object-level word distribution in LCS558K
[2024a). (f) Object-level word distribution in InstructMix665K.(Liu et al.l [2024a). (g) Co-occurrence
distribution in InstructMix665K 20244). (h) Interrogation distribution in InstructMix665K
Bl

Table 8: Distribution locations of entities in correct and incorrect answers for POPE and MME,
generated by LLaVA 1.5. “Tok,” “Obj,” and “Co” refer to Token, Object, and Co-occurrence,
respectively, while “W” and “C” represent wrong and correct answers, respectively. The gray rows

(m) indicate the relative displacement of incorrect concepts in the distribution compared to correct
concepts.

Method MME POPE
OB Tok-C Tok-W Obj-C  Obj-W Co-C  Co-W Tok-C Tok-W Obj-C Obj-W Co-C  Co-W
Max 9738 10377 2708 3222 247315 257107 2242 2772 1085 1100 130043 141722
+639 514 19792 30 +15 +11679
Min 1 1 60 131 12732 20741 | 1 17 21 926 1033
+0 +71 +8009 +0 +4 +107
Mean 1035 1068 842 1035 71123 79104 313 340 319 336 27457 30989
+33 +193 +7981 w27 +17 13532
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&

é Instruction:

You are an Al visual assistant, and you are provided with a single image accompanied by a piece of
conversation describing the same image. Your task is to identify and return the objects present in the image
based on the conversation. Please follow these guidelines:

1.The output must contain only the base form of the words describing the objects (e.g., return "dog" instead of
"dogs" or "doggy").

2.The objects should be listed as comma-separated values (e.g., a,b,c,...).

3.Ensure that the answer consists solely of the object list, with no additional words.

4.The objects can be nouns or noun phrases.

Fewshots:

Input 1:

Human: Write a terse but informative summary of the picture.

GPT: A grey watch with an army-style strap.

Expected Answer 1:"watch"

Input 2:

Human: Give a brief description of the image.

GPT: The divine queen in her elaborate masks canvas print featuring the face and hands of a woman with red
hair.

Expected Answer 2:"divine queen, mask"

Input 3:

Human: Where is the cat positioned in the image?

GPT: The cat is positioned on top of the back of the couch in the living room.
Human: What is the cat doing in the image?

GPT: The cat is coming out from some curtains onto the couch and is sitting or standing on top of it.
Human: What is the color of the curtains near the cat?

GPT: The color of the curtains near the cat is red.

Human: Besides the cat, what else can be seen on the couch?

GPT: There are lots of pillows on the couch besides the cat.

Human: What kind of room does the couch appear to be in?

GPT: The couch appears to be in a living room setting.

Expected Answer 3: "cat, couch, pillow, curtain, living room"

)

Figure 8: Complete prompts used to guide the language model in extracting object information.
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C.2 CONVERSATION REWRITE

We leverage language models (LMs), LLaMA3 (Touvron et al.,[2023) to rewrite our conversations.
During the Data Synthesis (DS) Stage, synthetic data and captions are generated using diffusion
models and captioning models. Once the image and its corresponding caption are obtained, we
employ the LM to transform the caption into a conversation. The prompt used to guide the LM
is shown in Figure E} The captioning models we used are LLaVA 1.5 13B (Liu et al., [2023a)) and
ShareCaptioner (Chen et al.,[2023b)).

Moreover, during the language data synthesis process in the DS stage, we also utilize language models
(LM) to rewrite conversations using the provided tail tokens. The corresponding prompts are shown
in Figure[T0] Additionally, we rewrite conversations containing tail tokens or interrogation entities
(TWR in the ablation study or Section[6.2). As this task closely resembles standard rephrasing tasks
with similar prompts, we will not elaborate on it further here.
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Instruction:

You are an Al visual assistant, and you are seeing a single image. What you see are provided with a few of sentences,
describing the same image you are looking at. Answer all questions as you are seeing the image.

Design a conversation between you and a person asking about this photo. The answers should be in a tone that a visual Al
assistant is seeing the image and answering the question.

Ask diverse questions and give corresponding answers.

Include questions asking about the visual content of the image, including the object types, counting the objects, object actions,
object locations, relative positions between objects, etc. Only include questions that have definite answers:

(1) one can see the content in the image that the question asks about and can answer confidently;

(2) one can determine confidently from the image that it is not in the image.

Do not ask any question that cannot be answered confidently.

Also include complex questions that are relevant to the content in the image, for example, asking about background
knowledge of the objects in the image, asking to discuss about events happening in the image, etc. Again, do not ask about
uncertain details.

Provide detailed answers when answering complex questions. For example, give detailed examples or reasoning steps to
make the content more convincing and well-organized. You can include multiple paragraphs if necessary.

Fewshots:

Caption:

There is a movie theater that displays the show times above the doors.

A red fire hydrant is deep in the snow.

The fire hydrant is in the snow near a recently plowed sidewalk.

This city has had a very hard winter with snow.

A hotel for dogs in the snow in winter.

Conversation:

Question: What color is the fire hydrant in the image?

Answer:The fire hydrant in the image is red.

Question:ls the fire hydrant fully covered by snow or partially visible?

Answer:The fire hydrant is partially visible, with a significant portion of it covered by the deep snow.

Question:What is the condition of the sidewalk near the fire hydrant?

Answer:The sidewalk near the fire hydrant has been recently plowed, so it is relatively clear of snow compared to the
surrounding area.

Question:What does the image suggest about the winter season in the city?

Answer:The image suggests that the winter season in the city has been quite harsh and challenging. The significant snow
accumulation seen in the image indicates that the city has experienced heavy snowfall, which can lead to various difficulties
and disruptions for its residents.

For instance, the deep snow covering the fire hydrant could potentially hinder its accessibility in case of emergencies, which
poses safety concerns. The recently plowed sidewalk implies that the city's maintenance crews have been actively working to
keep the walkways clear and safe for pedestrians, but the sheer amount of snowfall might make it difficult to keep up with the
continuous snow removal efforts.

Furthermore, such extreme winter conditions can impact transportation, leading to traffic issues, delays in public transit, and
increased risks of accidents due to slippery roads. It can also cause problems for businesses and schools, as people might
face challenges commuting to work or attending classes. Additionally, the heavy snow can put extra strain on infrastructure,
such as roofs and power lines, increasing the likelihood of structural damage or power outages.

In conclusion, the image of the red fire hydrant deep in the snow and the recently plowed sidewalk suggest that the city has
faced a particularly severe winter season, with substantial snowfall that has likely caused various challenges and disruptions
for its residents and infrastructure. )

-

Figure 9: Complete prompts used to guide the language model in converting captions into conversation
instructions.
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~

é Instruction:
You are an Al language assistant involved in interpreting a conversation between a person and an Al visual assistant. The
conversation revolves around an image. The task is to rephrase the conversation using a set of candidate words while
maintaining the original meaning. The rephrased conversation must follow these criteria:
1. The conversation must remain coherent and grammatically correct.
2. One or more words from the 'Candidate words' list can be used to replace the original terms.
3. Words from the list can be used in any form (noun, verb, adjective, etc.), and each word may be used once or multiple
times.
4. Not all words from the 'Candidate words' list need to be included; they are to be used based on context.
5. The conversation may be extended or shortened, but its meaning must remain unchanged.

Fewshots:

Conversation 1:

Question: What color is the traffic light shown in the image?

Answer: The traffic light in the image is green.

Question: How does the traffic appear to be moving at the intersection?

Answer: Traffic appears to be moving smoothly through the intersection, with cars continuing on their way after the green light.
Question: Is this image taken during the day or at night?

Answer: The image is taken at night.

Question: How are the traffic lights positioned in relation to the road?

Answer: The traffic lights are suspended above the road, hanging from a pole.

Question: How do the cars look in the image due to their motion?

Answer: Due to their motion, the cars appear as streaks passing by the traffic signals in the image. This effect indicates they
are moving at moderate to high speeds while the image was captured.

Candidate words:

[overwinter, wintertime, set_phrase, give_voice, musical_phrase, phrasal_idiom, idiomatic_expression, articulate, formulate,
idiom, get_behind, chase_after, drop_behind, hang_back, give_chase, go_after, drop_back, shack, twelvemonth, yr,
railroad_car, elevator_car, cable_car, railway_car, motorcar, railcar, gondola, promiscuous, unaccented, light_up, abstemious,
Light_Within, light_source, low-cal, Inner_Light, get_down, luminosity, wakeful, sluttish, luminousness, lightheaded, light-
colored, fire_up, unclouded, visible_radiation, scant, visible_light, lightly, unhorse, light-headed, get_off, calorie-free,
lightsome, swooning, illume, illumine, brightness_level, Christ_Within, ignitor, alight, wanton, weak, luminance, igniter, lighter,
tripping, ignite, loose, faint, dismount, idle, illuminate, sparkle, twinkle, lightness, lite, easy, look-alike, figure_of_speech,
simulacrum, range_of_a_function, mental_image, visualise, ikon, visualize, envision, effigy, trope, epitome, fancy, paradigm,
see, word_of_honor, Holy_Writ, give_voice, countersign, Holy_Scripture, Good_Book, watchword, tidings, Christian_Bible,
Word_of_God, give-and-take, articulate, Logos, formulate, parole, Son, Scripture, oppugn, interrogative_sentence, interrogate,
dubiousness, doubtfulness, call_into_question, interrogative, interrogation, enquiry, fourth_dimension, prison_term, clock_time,
metre]

Rephrased Conversation:

Question: What hue is the traffic signal displayed in the visual?

Answer: The traffic signal shown is illuminated in green.

Question: In what manner is the vehicular movement at the crossing?

Answer: Vehicular movement at the crossing is unobstructed, with motorcars proceeding post the green illumination.
Question: Was this visual captured during daylight or after dusk?

Answer: This visual was captured after dusk.

Question: In what relation are the traffic signals positioned to the roadway?

Answer: The traffic signals are suspended over the roadway, hanging from a pole.

Question: What appearance do the automobiles present in the visual due to their motion?

Answer: Owing to their motion, the automobiles are depicted as blurs traversing past the traffic signals, indicating their brisk
pace at the time of capture.

& J

Figure 10: Complete prompts used to guide the language model in rewrite conversation instructions
using given tokens.
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