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Abstract

Multimodal Continual Instruction Tuning (MCIT)
aims to enable Multimodal Large Language Mod-
els (MLLMs) to incrementally learn new tasks
without catastrophic forgetting. In this paper, we
explore forgetting in this context, categorizing it
into superficial forgetting and essential forgetting.
Superficial forgetting refers to cases where the
model’s knowledge may not be genuinely lost,
but its responses to previous tasks deviate from
expected formats due to the influence of subse-
quent tasks’ answer styles, making the results
unusable. By contrast, essential forgetting refers
to situations where the model provides correctly
formatted but factually inaccurate answers, indi-
cating a true loss of knowledge. Assessing essen-
tial forgetting necessitates addressing superficial
forgetting first, as severe superficial forgetting can
obscure the model’s knowledge state. Hence, we
first introduce the Answer Style Diversification
(ASD) paradigm, which defines a standardized
process for transforming data styles across differ-
ent tasks, unifying their training sets into similarly
diversified styles to prevent superficial forgetting
caused by style shifts. Building on this, we pro-
pose ReglL.oRA to mitigate essential forgetting.
ReglLoRA stabilizes key parameters where prior
knowledge is primarily stored by applying regu-
larization, enabling the model to retain existing
competencies. Experimental results demonstrate
that our overall method, SEFE, achieves state-of-
the-art performance.

“Equal contribution !City University of Hong Kong 2Shandong
University *The Chinese University of Hong Kong *Xidian
University Lingnan University. Correspondence to: Yuzhi
Zhao <yzzhao2-c@my.cityu.edu.hk>, Sam Kwong <samk-
wong @lingnan.edu.hk>.

Proceedings of the 42" International Conference on Machine
Learning, Vancouver, Canada. PMLR 267, 2025. Copyright 2025
by the author(s).

No forgetting
IEI A (Just after learning this task) @ (b)

‘ learn other tasks

- 'E' Africa  Superficial forgetting @ (c)

(@) Whichcontinentis highlighted?

A. Africa

B R AT [04,029,075,08]  Superficial forgetting (3¢) (d)

C.South America = (€]

D. Asia

Answer with the option's letter . )
1 from the given choices directly. .E. ¢ Essential forgetting @ (e)

Figure 1. Examples illustrating superficial forgetting and essential
forgetting. (a) Instruction; (b) Response case without forgetting;
(c) and (d) Response cases with superficial forgetting; (e) Response
case with essential forgetting.

1. Introduction

The rapid advancement of Multimodal Large Language
Models (MLLMs) has led to a series of significant works
(Liu et al., 2023; Dai et al., 2023; Achiam et al., 2023; Bai
et al., 2023b; Liu et al., 2024a; Chen et al., 2024d). Training
these models typically involves multiple phases, with pre-
training and instruction tuning being two crucial ones. Dur-
ing pre-training, large-scale unsupervised learning endows
the model with foundational cognitive skills. In the subse-
quent instruction tuning phase, the model is refined using
instruction-response pairs to enhance its ability to compre-
hend and respond to user commands. This comprehensive
training enables MLLMs to exhibit zero-shot capabilities,
allowing them to handle previously unseen instructions.

Howeyver, these zero-shot abilities are often insufficient for
MLLMs to specialize in specific domains. To achieve such
specialization, targeted multimodal instruction tuning with
relevant datasets is commonly employed. Nevertheless,
the breadth of tasks that MLLMs are expected to handle
is vast, and the requirements are continuously evolving.
As demands grow, simply fine-tuning the model with data
from new tasks can result in the loss of previously acquired
capabilities—a phenomenon known as catastrophic forget-
ting (McCloskey & Cohen, 1989). Alternatively, retraining
the model with both new and old task data each time re-
quirements change is highly resource-intensive. To address
this, Multimodal Continual Instruction Tuning (MCIT) has
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emerged (He et al., 2023; Zhu et al., 2024a; Chen et al.,
2024a; Zheng et al., 2024; Zeng et al., 2024). This field
seeks to enable MLLMs to progressively learn new tasks
without losing proficiency in previously mastered ones dur-
ing incremental instruction tuning.

Existing methods in MCIT (He et al., 2023; Zhu et al.,
2024a; Zheng et al., 2024), like conventional continual learn-
ing research, conceptualize catastrophic forgetting as a gen-
eralized problem of knowledge loss and have made some
progress addressing it. However, our analysis indicates
that the nature of forgetting in MCIT extends beyond mere
knowledge loss. We propose to categorize it into two types:
superficial forgetting and essential forgetting. Superficial
forgetting refers to cases where the model’s response style
deviates from expected norms after learning new tasks. For
instance, as shown in Fig. 1(a), a multiple-choice question
task (Lu et al., 2022) may prompt the model to “answer
with the option’s letter”. If subsequent tasks demand dif-
ferent response formats—such as certain tasks that require
word-based answers (Singh et al., 2019)—the model may
begin answering multiple-choice questions with words in-
stead, as shown in Fig. 1(c). Similarly, if later tasks involve
bounding box-based grounding (Kazemzadeh et al., 2014;
Mao et al., 2016), the model might respond to multiple-
choice questions with bounding boxes, as illustrated in Fig.
1(d). On the other hand, essential forgetting refers to the
actual loss of knowledge, where the model answers in the
correct format but with incorrect content, as depicted in Fig.
1(e). Accurately evaluating essential forgetting necessitates
addressing superficial forgetting, since the latter can ob-
scure the model’s true knowledge state, making it difficult
to determine if knowledge has truly been lost. Neverthe-
less, current methods fail to recognize these two types of
forgetting or their interrelationship, leading to suboptimal
performance when applied to realistic benchmark datasets
featuring diverse answer formats (Chen et al., 2024a).

We posit that the main cause of superficial forgetting is
the bias introduced by using a single question format per
task. When a model is trained over consecutive batches of
questions in one specific style, it becomes biased towards
that style, making it difficult or even impossible to respond
in other styles. To address this, we propose the Answer
Style Diversification (ASD) paradigm. Specifically, after
examining 15 prevalent MLLM benchmarks (Young et al.,
2014; Goyal et al., 2017; Gurari et al., 2018; Mishra et al.,
2019; Singh et al., 2019; Agrawal et al., 2019; Lu et al.,
2022; Schwenk et al., 2022; Li et al., 2023c;a; 2024a;b; Liu
et al., 2024c; Yu et al., 2024b; Fu et al., 2024), we identify
five question types: yes/no questions, multiple-choice ques-
tions, short answer questions, brief explanation/description
questions, and detailed explanation/description questions.
These types also represent the major application scenarios
for MLLMs. Based on this observation, we propose refor-

matting each task’s dataset into these five styles (the original
and four alternatives). This allows the model to generate re-
sponses in multiple styles on the same topic during training,
thereby mitigating bias from single-format training. Our
experiments demonstrate that converting only 10% of the
dataset into four alternative styles (2.5% each) substantially
reduces superficial forgetting and enhances performance.

After addressing superficial forgetting, the remaining chal-
lenge centers on knowledge loss, namely essential forget-
ting. Our analysis of model parameter changes reveals that
certain parameters encode significantly more critical his-
torical knowledge than others. Based on this insight, we
introduce RegLLoRA, an extension of LoRA (Hu et al., 2022)
designed to minimize knowledge loss. RegLoRA identifies
crucial elements within the weight update matrices of prior
LoRAs and applies regularization to these elements when
training new LoRAs. This process stabilizes the subset of
parameters closely tied to prior knowledge, thereby effec-
tively preserving acquired proficiency. Furthermore, since
the regularized elements constitute only a small fraction of
each weight update matrix, and the weight update matrix
is the product of parameter matrices A and B rather than
the parameters themselves, the constraints on parameter up-
dates are minimal. This focused and restrained approach
allows the model to preserve previous knowledge while
maintaining the flexibility to learn new information.

Building upon ASD and ReglL.oRA, we introduce a novel
MCIT method called the Superficial and Essential Forget-
ting Eliminator (SEFE). Our contributions are as follows:

* To our knowledge, we are the first to formally define
superficial forgetting and essential forgetting in MCIT.
Furthermore, our proposed method, SEFE, addresses
these challenges and achieves state-of-the-art perfor-
mance.

» To mitigate superficial forgetting, we introduce the
ASD paradigm that unifies the answer domain across
tasks by rephrasing questions, thereby reducing the
model’s bias toward specific response styles. Addition-
ally, we create CoIN-ASD, an ASD-adjusted version
of the CoIN benchmark, which can serve as a new
benchmark for evaluating essential forgetting in future
MCIT studies.

» To address essential forgetting, we present ReglL.oRA.
By identifying critical elements in the weight update
matrices and applying regularization constraints, Re-
gLoRA ensures that LoRA fine-tuning does not disrupt
the model’s existing knowledge.
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2. Related Work

2.1. Continual Learning

Most traditional continual learning methods target straight-
forward tasks like image or text classification (Ke & Liu,
2022; Wang et al., 2024a). These methods are com-
monly categorized into three types: regularization-based,
replay-based, and parameter isolation-based approaches.
Regularization-based methods (Dhar et al., 2019; Douil-
lard et al., 2020; Yu et al., 2024c; Luo et al., 2024; Chen
et al., 2024c) constrain parameter updates to retain prior
knowledge. Replay-based methods (Rebuffi et al., 2017;
de Masson D’ Autume et al., 2019; Ostapenko et al., 2019;
Chen et al., 2023; Luo et al., 2025; Chen et al., 2025) store
or generate some past data and replay it during subsequent
training to recall earlier information. Parameter isolation-
based methods (Mallya & Lazebnik, 2018; Geng et al., 2021;
Wang et al., 2022) introduce new parameters to capture
additional information while keeping existing parameters
unchanged, thereby accommodating both past and newly
acquired knowledge.

The proposed ASD paradigm deviates from these estab-
lished categories. Instead, it is a data reconstruction-based
technique, which we believe represents a promising new
paradigm for continual learning in the context of modern
large-scale models. On the other hand, the proposed Re-
glLoRA can be considered as a regularization-based tech-
nique. However, unlike traditional methods that often re-
quire auxiliary models or significant extra parameters de-
ployed on GPUs, ReglLoRA is better suited for resource-
intensive MLLMs.

2.2. Continual Learning for LLMs and MLLMs

Recently, continual learning research for LLMs and MLLMs
(Wu et al., 2024b; Shi et al., 2024) has grown significantly.
Some methods focus on continual pre-training (Gupta et al.,
2023; Wu et al., 2024a; Chen et al., 2024b), while others
emphasize continual instruction tuning (Yang et al., 2024;
Dou et al., 2024; Yu et al., 2024a; Zeng et al., 2024; Cao
et al., 2024) as in our approach. For example, O-LoRA
(Wang et al., 2024b) prevents overwriting prior knowledge
by enforcing orthogonality among LoRA weights across
tasks. LoTA (Panda et al., 2024) employs a two-stage train-
ing process to identify parameters necessitating updates
and modifies only these parameters, thus minimizing model
changes. EProj (He et al., 2023) introduces task-specific
projection layers and leverages task similarities to enable
module sharing, reducing forgetting. Model Tailor (Zhu
et al., 2024a) identifies sensitive and salient patches within
the new model, decorates them, and integrates them with
the previous model, thereby minimizing alterations to the
existing model. SAPT (Zhao et al., 2024) employs shared
attention to align the learning and selection of parameter-

efficient tuning, mitigating catastrophic forgetting and pro-
moting knowledge transfer.

Most of these approaches, similar to traditional continual
learning methods, address catastrophic forgetting as a sin-
gle challenge. However, this strategy may not be suitable
for modern large-scale models, which are inherently larger
and entail more intricate training processes. Hence, these
models may exhibit forgetting patterns that are distinct from
those observed in smaller-scale models studied in traditional
continual learning works. To address this, we propose to
decompose forgetting in MCIT into two types: superficial
forgetting and essential forgetting. By developing targeted
strategies for each type, our method achieves superior per-
formance.

3. Answer Style Diversification Paradigm

In the incremental training process of MCIT, each task typi-
cally follows a single question format, which may bias the
model toward a uniform response style. Consequently, the
model tends to answer all questions in this single manner,
creating challenges when handling previously learned tasks
with different question formats. This limitation results in
what we term superficial forgetting.

To address this issue, we introduce the ASD paradigm. ASD
converts each task’s single-format instruction-tuning data
into a multi-format dataset with five question types: yes/no,
multiple-choice, short answer, brief explanation/description,
and detailed explanation/description. As exemplified in Fig.
2, the original dataset for a task may contain only short
answer questions. In the ASD paradigm, we transform X %
of the samples equally across the four alternative formats
(3 % each) and retain the remaining (100 — X)% in their
original formats. This configuration ensures that the final
dataset includes all five question types without altering the
total sample size, thus avoiding extra influencing factors.
For these conversions, we establish a standardized transfor-
mation process, mainly leveraging existing MLLMs, with
some direct conversions handled through fixed rules. Ad-
ditionally, following (Liu et al., 2024a), we add a response
format prompt (RFP) for each question type.

3.1. Question Types and Transformation Process

Yes/No questions are those that can be answered with “Yes”
or “No”. To convert other question types into this format,
we apply the RFP “Is the answer correct? Answer ‘Yes’
or ‘No’.” The updated instruction is structured as “original
question + a potentially correct answer + RFP”. For half of
the samples, we include the correct answer, i.e., the original
ground-truth (GT) label, as the potentially correct answer
and set the new GT label to “Yes”. For the remaining half,
we generate a plausible but incorrect answer using MLLMs
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Figure 2. An example of the ASD paradigm applied to a dataset consisting solely of short answer questions. Through the ASD process,
(100 — X)% of samples are retained in their original form, while the remaining X % are equally transformed into four alternative formats:
yes/no, multiple-choice, brief explanation, and detailed explanation. Additional examples are provided in Appendix B.

and set the GT label to “No”.

Multiple-choice questions are characterized by several an-
swer options and utilize the RFP “Answer with the option’s
letter from the given choices directly”. To convert other
question types into a multiple-choice format, we structure
the instruction as “original question + option list + RFP”.
If the original question is a yes/no question, the option list
includes “A. Yes” and “B. No”. For other original question
types, MLLMs are used to generate three plausible distrac-
tor options, which are then shuffled with the correct answer
to create a four-option list. The GT label is then set to the
letter corresponding to the correct option.

Short answer questions correspond to concise and di-
rect GT responses, typically consisting of a single word
or phrase. The RFP for these questions is “Answer the
question using a single word or phrase”, with the modified
instruction structured as “original question + RFP”. We con-
sider three cases during the conversion process: (1) If the
original question is a yes/no question, half of the samples
to be converted retain their GT labels of “Yes” or “No”,
as these can be considered as short answers. To avoid bi-
asing the model toward yes/no responses in short answer
format, the remaining half are transformed using MLLMs
to generate similarly focused questions that require answers
other than “Yes” or “No”, replacing the original question

and GT label. (2) For multiple-choice questions, the content
of the correct option becomes the new GT label. (3) For
questions with brief or detailed explanations/descriptions,
we use MLLMs to condense the GT label into a short answer
of no more than ten words.

Brief explanation/description questions require answers
of about 20 words, presented as concise explanations or
descriptions. The instruction structure is also “original ques-
tion + RFP”. For original questions with direct answers, e.g.,
yes/no, multiple-choice, or short answer questions, the RFP
is “Answer the question and provide a brief explanation”.
The new GT label consists of the direct answer followed by
a roughly 20-word explanation generated by MLLMs. For
original questions without a direct answer, such as descrip-
tive or detailed explanation questions, the original answer
is reformulated by MLLMs into an approximately 20-word
GT label. The RFP for this scenario is “Answer the question
using a brief explanation/description” .

Detailed explanation/description questions are similar to
the brief counterparts but require more comprehensive re-
sponses of approximately 50 words. The conversion process
mirrors that of the brief explanation/description questions.
The corresponding RFP is “Answer the question and pro-
vide a detailed explanation” or “Answer the question using
a detailed explanation/description”.
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Our review of prevalent MLLM benchmarks (Young et al.,
2014; Goyal et al., 2017; Gurari et al., 2018; Mishra et al.,
2019; Singh et al., 2019; Agrawal et al., 2019; Lu et al.,
2022; Schwenk et al., 2022; Li et al., 2023c;a; 2024a;b; Liu
et al., 2024c; Yu et al., 2024b; Fu et al., 2024) and common
MLLM application scenarios suggests that the five question
formats described above can adequately address the ma-
jority of MCIT contexts. While certain cases may require
minor adjustments, we believe that our standardized pro-
cess provides a strong foundational framework adaptable to
various MCIT applications. By applying this framework to
data transformation, superficial forgetting can be effectively
mitigated, thereby significantly boosting performance. Our
experiments demonstrate that transforming as little as 10%
of the data (i.e., X = 10) yields substantial improvements.
Further details are provided in Appendix B.

3.2. CoIN-ASD Benchmark

CoIN (Chen et al., 2024a) is the first public benchmark for
MCIT, incorporating eight tasks with diverse question for-
mats. Assessing essential forgetting on ColN is challenging
due to the frequent occurrence of superficial forgetting. Al-
though ColN includes evaluations using a large language
model (LLM) (Bai et al., 2023a) to measure knowledge ca-
pability, which can be useful in some contexts, this approach
has limitations in certain extreme cases. For instance, as
illustrated in Fig. 1(d), the model’s response to a multiple-
choice question is a bounding box, making it impossible
for the LLM to assess the knowledge state. To address this
limitation, we apply ASD to the ColIN dataset, creating an
updated version we term CoIN-ASD. Training models on
CoIN-ASD reduces superficial forgetting, allowing future
MCIT methods to focus on knowledge retention and es-
sential forgetting. In developing CoIN-ASD, we utilized
InternVL2-26B (OpenGVLab Team, 2024). CoIN-ASD
provides various versions with X values of 10, 20, 40, 60,
and 80, facilitating a more comprehensive analysis.

4. ReglLoRA

After addressing superficial forgetting, we shift our focus
to essential forgetting. To mitigate this, we introduce Re-
glLoRA, a variant of LoRA (Hu et al., 2022) optimized
to minimize essential forgetting, as illustrated in Fig. 3.
During training with ReglLoRA, each task is learned by
fine-tuning the model with LoRA. Upon completing a task,
we identify the key elements in LoRA’s weight update ma-
trix that are critical to the knowledge acquired for that task.
This LoRA is then merged into the main model, and a new
LoRA is initialized for the next task. During subsequent
training of new LoRAs, regularization is applied to all pre-
viously identified key elements, preserving essential prior
knowledge.

4.1. Background: LoRA

LoRA (Hu et al., 2022) is a widely used parameter-efficient
fine-tuning (PEFT) technique designed to match or even
surpass the performance of full-parameter fine-tuning while
requiring significantly fewer resources. It achieves this
efficiency by modeling the weight updates of the neural
network’s linear layers using low-rank matrices, thereby
reducing the number of trainable parameters.

Specifically, consider a weight matrix W € R**< in a linear
layer, where d and & denote the input and output dimensions.
LoRA introduces two low-rank matrices, A € R"*? and
B € RF*", to model the weight updates AW € R¥*?, The
modified weight matrix during fine-tuning is:

W =W+AW =W + B x A, (1)

where r < min(d, k) ensures A and B have significantly
fewer parameters than W. By updating only A and B while
keeping W fixed, LoRA achieves high parameter efficiency.

4.2. Key Elements Identification

Since we initialize a LoRA for each task, this LoRA cap-
tures the incremental knowledge between the new task and
the model’s existing capabilities. As shown in Eq. 1, this
knowledge is encoded in the model parameters as a weight
update matrix, AW = B x A. Our analysis of these weight
update matrices during incremental training reveals that the
updates are not uniformly distributed across all elements.
Specifically, some elements have significantly larger abso-
lute values, while others are much smaller. For instance,
the average absolute value of the top 1% of elements is
580 times greater than that of the bottom 1%. This finding
suggests that preserving task memory relies heavily on sta-
bilizing the parameters associated with the large elements in
the weight update matrix, as these elements more critically
capture the incremental knowledge required for the task.

To achieve this, we first identify these key elements in the
LoRA’s weight update matrix based on their large absolute
values. Specifically, after completing the i-th task, we com-
pute the weight update matrix AW, for LoRA in each linear
layer by AW; = B; x A;. We then select the top M % of
elements based on their absolute values. Once the LoRA is
merged into the main model, parameters corresponding to
these selected positions undergo notable changes to reflect
newly acquired knowledge. Thus, to retain knowledge from
the current task during subsequent fine-tuning, it is crucial
that the parameters at these positions remain unchanged. To
enforce this, we construct a regularization mask R; € RFExd
assigning a value of 1 to these positions and 0 to others. This
mask records the positions that should remain unaltered dur-
ing subsequent training. By creating these regularization
masks, we establish a foundation for preserving essential
knowledge in future training.
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Figure 3. Overview of RegLLoRA. In each past LoRA, large values
in the weight update matrix are identified as key elements. When
training a new LoRA, these key positions are incorporated into a
regularization mask to enforce targeted constraints.

4.3. Regularized Training

In the training of subsequent LoRAs for future tasks, we
introduce a regularization loss that utilizes all previous reg-
ularization masks to ensure effective knowledge retention.
Specifically, during the training of the j-th task, the regular-
ization loss is defined as:

j—1

Lrcg =AY _|AW;|® R;, 2

=1

where )\ is a balancing hyperparameter, ® denotes the
Hadamard product, and AW; = B; x A; is the weight
update matrix of the new LoRA. During training, L4 is
added to the original loss of the base MLLM to form the
complete learning objective. It aggregates the positions indi-
cated by prior regularization masks. By optimizing this loss,
the elements at these positions are encouraged to approach
zero, thereby preserving parameters that encode essential
prior knowledge. Typically, regularization masks from dif-
ferent past tasks rarely assign 1 to the same position, as
elements marked by earlier masks tend to zero during the
learning of subsequent tasks. Thus, elements at these posi-
tions in later LoRAs are less likely to become key elements.
In rare cases of overlap, the regularization weight of these
elements in £,., accumulates, as defined in Eq. 2, which
increases resistance to further updates.

This strategy focuses on the top M % of key elements that
embody essential prior knowledge for regularization, effec-
tively mitigating essential forgetting. At the same time, most
elements remain unrestricted, allowing the model to adapt
to new information with minimal limitations. Notably, even

for elements under regularization, it is not the parameters
but the dot products of associated vectors in B; and A; that
are regulated. This permits flexibility across all parameters
in B; and A;, as long as certain dot products stay near zero.
These characteristics enable Regl.oRA to achieve the dual
objectives of retaining prior knowledge and assimilating
new information.

5. Experiments
5.1. Benchmark and Evaluation Metrics

We conduct evaluations using the public MCIT bench-
mark, CoIN (Chen et al., 2024a), which comprises eight
widely used vision-language tasks: ScienceQA (SQA) (Lu
et al., 2022), TextVQA (VQA™) (Singh et al., 2019), Im-
ageNet (ImgNet) (Deng et al., 2009), GQA (Hudson &
Manning, 2019), VizWiz (Gurari et al., 2018), Grounding
(Grd) (Kazemzadeh et al., 2014; Mao et al., 2016), VQAv2
(VQA"?) (Goyal et al., 2017), and OCR-VQA (VQAOCR)
(Mishra et al., 2019). The evaluation framework of CoIN
consists of two components: Truth Alignment (TA), which
assesses exact matches between answers and GT labels, and
Knowledge Capability (KC), which leverages Qwen1.5-32B
(Bai et al., 2023a) to evaluate the correctness of knowledge
presented in answers. Additionally, we use CoIN-ASD, an
ASD-adjusted version of ColIN, to evaluate essential forget-
ting in both our method and existing methods. Although KC
partially reflects essential forgetting, it does not account for
cases where superficial forgetting fully obscures knowledge
retention in answers, e.g., the example in Fig. 1(d). This
limitation makes CoIN-ASD a necessary addition to our
evaluation. Given the constraints of KC, we prioritize TA in
our evaluation, with KC results provided in Appendix E.

For both TA and KC, we report the accuracy of each learned
task after the model has been trained on all tasks. Addition-
ally, we present four aggregate metrics: (1) Mean Fine-tune
Accuracy (MFT), the average accuracy for each task im-
mediately after it is learned, representing an upper-bound
performance without forgetting. (2) Mean Final Accu-
racy (MFN), the average accuracy across all tasks after
the complete incremental training sequence, reflecting the
model’s ultimate performance. (3) Mean Average Accu-
racy (MAA), the mean of the average accuracies on all
learned tasks after each incremental training step, providing
a comprehensive measure of performance throughout the
training process. (4) Backward Transfer (BWT), the dif-
ference in accuracy for each task between after all tasks have
been learned and immediately after learning that task, as-
sessing the degree of forgetting. Formulas for these metrics
are provided in Appendix D.
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Table 1. Comparison of the proposed SEFE method with existing approaches, evaluated under TA metrics.

Method Accuracy on Each Task (%) Aggregate Results (%)

SQA  VQA™' ImgNet GQA VizWiz Grd  VQA” VQA°“® MFT+ MFNT MAAT BWT/
FFT 295 3638 5235 4640 3390 000 61.65 50.00 | 6587 3545 36.73 -30.42
LoRA 54.05 4463 4125 4755 2080 0.85 5930 6430 | 7021 4159 39.53 -28.62
O-LoRA 7540 5289 71.85 4730 3735 7.10 61.85 6120 | 69.30 51.87 49.56 -17.43
LoTA 67.30 4151 825 37.15 4225 0.10 4795 56.15 | 5472 3758 5046 -17.14

"7 FFT+ASD | 7450 5012 6540 5435 4550 000 6440 6850 | 6828 52.85 57.18 -1544
LoRA+ASD 7445 4970 39.30 52.00 5045 7.05 6225 47.80 | 68.13 47.88 59.71 -20.26
O-LoRA+ASD | 7520 5536 6750 5470 5290 1540 6445 3505 | 6559 5257 61.63 -13.02
LoTA+ASD 76.90  42.65 15.85 4025 4510 030 5435 5400 | 5699 41.18 5628 -15.82

" "SEFE (Ours) | 7535 58.66 83.10 5425 4885 1675 6535 6625 | 69.02° 5857 63.04 -1045

5.2. Implementation Details

In line with (Chen et al., 2024a), we utilize the pre-trained,
instruction-untuned LLaVA-1.5 (Liu et al., 2024a) as the
base model, which incorporates Vicuna-7B (Chiang et al.,
2023) as its foundational LLM. Following the official con-
figuration of LLaVA-1.5, the total batch size is set to 128,
with learning rates of 2 x 10~* when using LoRA (Hu et al.,
2022) and 2 x 10~° without it, and the LoRA rank parame-
ter r is set to 128. Other settings also remain consistent with
those specified by LLaVA-1.5. For the ASD paradigm, we
use the default value of 20 for the hyperparameter X, and
data transformations requiring an MLLM utilize InternVL2-
26B (OpenGVLab Team, 2024). For Regl.oRA, we use
default values of 2 for M and 2.5 x 103 for A. Our exper-
iments are conducted on a node equipped with 8 NVIDIA
A800 GPUs.

5.3. Comparison

To validate the effectiveness of our proposed SEFE, we com-
pare it against existing approaches, including full-parameter
fine-tuning (FFT), LoRA (Hu et al., 2022), O-LoRA (Wang
et al., 2024b), and LoTA (Panda et al., 2024). Furthermore,
to demonstrate that our ASD paradigm can mitigate super-
ficial forgetting across various methods, we apply ASD to
these existing approaches, i.e., training them on CoIN-ASD.

The TA results presented in Table 1 show that: (1) ASD
substantially enhances the performance of all tested meth-
ods, with average gains of 7.00%, 14.63%, and 7.27% in
aggregate metrics MFN, MAA, and BWT, respectively. We
attribute these improvements to ASD’s ability to reduce su-
perficial forgetting, which we further validate in subsequent
experiments. Additionally, by bridging the answer-domain
gap, ASD can reduce inter-task differences, which in turn
lowers the model’s update magnitude during new task learn-
ing. This mechanism may also indirectly alleviate essential
forgetting to a slight degree. (2) Our SEFE approach outper-
forms all current state-of-the-art methods, even when ASD
is applied to these methods. This highlights RegLoRA’s ef-

Table 2. Evaluation of main components in our method.

. Aggregate Results (%)
Configuration MFT{ MFENT MAAT BWT}
Baseline (LoRA) 7021 4159 3953 28.62
+ASD 68.13  47.88 5971  -20.26
+ASD +RegLoRA | 69.02 5857 63.04 -10.45

fectiveness in addressing essential forgetting by preserving
crucial prior knowledge, which works synergistically with
ASD to achieve comprehensive forgetting reduction.

5.4. Ablation Study

In this section, we present ablation studies on SEFE, cov-
ering its main components, hyperparameter settings, and
design choices. Due to space constraints, we only report
aggregate metrics for these experiments.

5.4.1. MAIN COMPONENTS

Firstly, we evaluate the impact of the two main components:
ASD and Regl.oRA. Starting with LoRA as the baseline
model, we incrementally incorporate each component. The
quantitative results are shown in Table 2, and case studies
are presented in Fig. 4.

Compared to the baseline, adding ASD results in significant
improvements in three out of the four aggregate metrics:
MEN increases by 6.29%, MAA by 20.18%, and BWT by
8.36%. We attribute these gains to a reduction in superficial
forgetting, enabling the model to generate responses that
reflect its true knowledge instead of being influenced by
biased response patterns from recent tasks. This effect is il-
lustrated in the case examples in Fig. 4. For instance, in the
first two cases, the baseline model incorrectly provides the
content of an option when answering a ScienceQA question
(requiring only the option’s letter), due to interference from
the recently trained OCR-VQA task, which requires word
or phrase responses. In case 3, after ImageNet training, the
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Case 1 Case 2

®

Which material are these marbles
made of?

A.glass

B. cardboard

Answer with the option's letter

Context: Use the graph to answer the question below.
Which three months have over 200millimeters of
precipitation in Singapore?

A.May, June, and July

B. August, September, and October

and green?

C.November, December, and January
Answer with the option's letter from the given

What is the player's number in white

Reference OCR token: GUWES, 22,
CLOPTON, 31
Answer the question using a single

Case 5

Case 3

Please
coordinates of the region described by the
sentence ‘girl in plaid shirt' in the format

provide the bounding box

Which kind of furniture is brown?
Answer the question using a single

1 from the given choices directly. x choices directly. 1 word or phrase. x word or phrase. 1 [x1,y1, %2, y2l.
(b) Igl Glass ® Superficial 'g' August, September, and October O Both Igl Maillot @ Superficial lgl 05,036,099, 03] ® Superficial IEI right (3 Superficial
© fy * @ .- @ Essential g @0 Essential oy o @ Ry erosososs @ Essential
(d) Igl A @ 'g. C @ lgl 2 @ 'g. couch @ IEI [0.76,0.33,0.99, 0.65) @

Task: ScienceQA (task 1)
Model Stage: Learned 8 tasks (last learned task: OCR-
VA)

Task: ScienceQA (task 1)
Model Stage: Learned 8 tasks (last
learned task: OCR-VQA)

Ground Truth: A

task: ImageNet)

Ground Truth: C Ground Truth: 22

Task: TextVQA (task 2)
Model Stage: Learned 3 tasks (last learned

Task: GQA (task 4)

Model Stage: Learned 6 tasks (last learned
task: Grounding)

Ground Truth: Couch

Task: Grounding (task 6)

Model Stage: Learned 7 tasks (last learned
task: VAAV2)

Ground Truth: [0.76, 0.34, 1.0, 0.64]

Figure 4. Case studies of main components in the proposed SEFE method. (a) Instruction; (b) Response from the baseline model (LoRA);
(c) Response from the baseline model with ASD added; (d) Response from the baseline model with both ASD and RegLoRA added; (e)
Basic information of the case. Additional case studies can be found in Appendix H.

baseline model mistakenly answers a TextVQA question
with “Maillot”, a category from ImageNet, instead of the
required number. In case 4, after learning the Grounding
task, the model incorrectly responds to a GQA task with
a bounding box instead of a word. Similarly, in case 5, it
responds to a Grounding question with a word instead of
the required bounding box after learning the word-based
VQAV2 task. These examples highlight the superficial for-
getting observed in the baseline model. After integrating
ASD, the model consistently produces responses that match
the task requirements, even if the answers are not always
entirely correct. This confirms ASD’s effectiveness in miti-
gating superficial forgetting and facilitating a more accurate
assessment of the model’s knowledge.

Building on ASD, we introduce ReglLoRA to address essen-
tial forgetting. As shown in Table 2, model performance
further improves, with MFN, MAA, and BWT increasing by
10.69%, 3.33%, and 9.81%, respectively. This improvement
indicates that RegLLoRA effectively preserves the model’s
prior knowledge, allowing it to handle previously learned
tasks more robustly. Cases 2 and 3 in Fig. 4 illustrate that
the Regl.oRA-enhanced model corrects the baseline model’s
erroneous answers. In case 5, the model’s bounding box
response improves its IoU with the GT from 0.49 to 0.90
after integrating RegLLoRA, further confirming ReglLoRA’s
role in enhancing response accuracy.

5.4.2. DATA TRANSFORMATION PROPORTION IN ASD

This section investigates the effect of varying the proportion
of data transformations in ASD by adjusting the hyperparam-
eter X. The results are presented in Table 3. The baseline
condition (X = 0), where no transformation is applied, is
shown in the first row. We observe that even a small trans-

Table 3. Comparison of data transformation proportions in ASD.

X Aggregate Results (%)

MFTt  MFNT MAAt BWT}
0 70.21 41.59 39.53 -28.62
10 65.82 46.93 58.61 -18.89
20 68.13 47.88 59.71 -20.26
40 70.09 47.80 59.22 -22.29
60 66.06 47.45 58.37 -18.60
80 63.93 46.85 58.64 -17.08

Table 4. Comparison of regularized element proportions in Re-
gLoRA.

M Aggregate Results (%)
MFTt MFENT MAAtT BWTt
0.5 67.18 55.76 61.53 -11.43
1 68.62 58.71 62.38 -9.91
2 69.02 58.57 63.04 -10.45
5 66.58 56.29 61.69 -10.29
100 67.73 54.66 61.54 -13.07

formation proportion of 10% significantly improves per-
formance, indicating that introducing alternative response
styles, even minimally, effectively reduces the model’s bias
toward a single style. Based on all four evaluation metrics,
we select X = 20 as the default value, as it achieves optimal
results in the key MFN and MAA metrics.

5.4.3. REGULARIZED ELEMENT PROPORTION IN
REGLORA

In this section, we analyze the impact of varying the pro-
portion of regularized elements, i.e., the hyperparameter M,
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Table 5. Comparison of regularization targets in RegLoRA.

Aggregate Results (%)
Regul. Tgt. MFT{ MENT MAAT BWT}
A 68.43 4720 5949 -21.23
B 6752 4784 5935  -19.69
A&B 68.82 4847 5941  -20.35
AW (Ours) 69.02 5857 63.04 -10.45

on the performance of Regl.oRA. The results are shown
in Table 4. Our findings indicate that performance peaks
when M = 2, suggesting that during LoRA fine-tuning,
approximately 2% of updated parameters significantly in-
fluence task performance. When M is set lower, the model
struggles to retain knowledge from previous tasks, leading
to a performance decrease. This insufficient knowledge re-
tention may also limit initial performance on new tasks that
closely relate to previous ones, which likely explains why
MFT for M = 0.5 and M = 1 is lower than for M = 2.
Conversely, setting M too high overly restricts all parameter
updates, impairing the model’s ability to learn new infor-
mation. Moreover, when regularization is applied to less
critical elements, the energy allocated in the loss function for
crucial elements decreases, adversely affecting the model’s
ability to retain prior knowledge. Hence, the performance
for M = 5 and M = 100 is suboptimal. Based on these
observations, we select M = 2 as the default setting.

5.4.4. REGULARIZATION TARGET IN REGLORA

In Table 5, we validate our decision to apply regulariza-
tion to the top M % elements of the weight update matrix,
AW . The table compares this approach to the effects of
regularizing the top M % elements in matrix A, matrix B,
and in both matrices A and B together. The results show
that regularizing AW yields the best performance. Since
AW directly reflects model updates, whereas the other three
options are indirect, regularizing AW is more effective in
preserving prior knowledge. Additionally, because AW is
not a model parameter, this choice leaves more capacity for
parameter updates to accommodate new knowledge.

6. Conclusion

This paper provides an in-depth analysis of catastrophic
forgetting in MCIT, categorizing it into superficial forget-
ting and essential forgetting. Superficial forgetting refers
to the model’s response style becoming biased by subse-
quent tasks, causing deviations from the required format
of previous tasks. On the other hand, essential forget-
ting indicates the loss of knowledge, resulting in factual
errors in responses. To address these issues, we propose
the SEFE method, which introduces two components: the
ASD paradigm and RegL.oRA. ASD mitigates superficial

forgetting by diversifying question types within a single
task, thereby preventing response style bias, enhancing per-
formance, and enabling reliable assessment of knowledge
state. Using ASD, we processed the CoIN benchmark to
create the new CoIN-ASD benchmark, allowing future meth-
ods to evaluate knowledge retention without interference
from response style biases. To address essential forgetting,
ReglLoRA identifies critical elements in the weight update
matrix of past LoORAs and applies a regularization loss to
minimize corresponding elements in future LoRAs. Exper-
imental results demonstrate the effectiveness of ASD and
Regl.oRA, as well as the state-of-the-art performance of
SEFE as a comprehensive solution.
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A. Additional Related Work
A.1. Multimodal Large Language Model

Multimodal Large Language Models (MLLMs) have become one of the most prominent research areas today. GPT-4/40
(Achiam et al., 2023) is the most representative work in this area, demonstrating exceptional performance across a wide
range of multimodal tasks. Subsequent models, such as Gemini (Gemini Team, 2023) and Claude (Anthropic, 2024), also
showcase impressive performance, offering user experiences that rival or even exceed those of GPT-4/40.

In the open-source community, several noteworthy models have also emerged. For example, InstructBLIP (Dai et al., 2023)
builds upon the BLIP2 (Li et al., 2023b) pretraining model and incorporates instruction tuning to improve the model’s
ability to understand user commands and process text-image queries. LLaVA (Liu et al., 2023) adopts a simple yet efficient
architecture and introduces an effective method for generating visual instruction tuning data using large language models
(LLMs), achieving strong performance. LLaVA-1.5 (Liu et al., 2024a), an enhanced version of LLaVA, refines design
choices such as the vision-language connector, resulting in further improvements in performance. QwenVL (Bai et al.,
2023b) proposes a three-stage training paradigm, using images with varying resolutions at different stages of training,
optimizing both image detail comprehension and training efficiency. InternVL (Chen et al., 2024d) focuses on scaling up the
visual encoder’s parameter size and employs a different three-stage training strategy to align the large visual encoder with
the text encoder, enhancing the model’s visual understanding capabilities.

A.2. LoRA Variants

In addition to the previously discussed O-LoRA (Wang et al., 2024b), several LoRA variants have been proposed from
perspectives beyond mitigating catastrophic forgetting. For example, AdaLoRA (Zhang et al., 2023) adaptively allocates the
parameter budget across weight matrices based on their importance scores. LoORA+ (Hayou et al., 2024) assigns different
learning rates to matrices A and B to improve performance in settings with large embedding dimensions. DoRA (Liu et al.,
2024b) decomposes pretrained weights into magnitude and direction components, applying LoRA solely to the direction
component to reduce the number of trainable parameters. Imbalance-Regularized LoRA (Zhu et al., 2024b), which shares a
similar name with our proposed RegLoRA, introduces a regularization term |AAT — %BTB ]2 to improve stability during
the forward pass and enhance downstream task performance. Overall, these approaches are fundamentally different from
our ReglL.oRA in terms of methodology and objectives.

A.3. Understanding Catastrophic Forgetting

Several existing works also aim to understand the phenomenon of catastrophic forgetting. For instance, (Li et al., 2024c)
shows that catastrophic forgetting during LLM fine-tuning becomes more pronounced as the loss landscape sharpens,
suggesting a strong positive correlation between sharpness and forgetting. (Zhai et al., 2023) argues that in MLLMs,
catastrophic forgetting arises as fine-tuning shifts the model’s focus from general visual-text alignment to dataset-specific
overfitting, resulting in performance degradation even when the vision encoder is frozen. Among these studies, (Zheng
et al., 2025) is most relevant to ours. It introduces the concept of spurious forgetting, where the model loses task alignment
without any genuine loss of knowledge. This notion is partially similar with our definition of superficial forgetting. However,
spurious forgetting emphasizes the recoverability and assumes that no actual knowledge has been forgotten. In contrast,
superficial forgetting does not make assumptions about recoverability or knowledge retention.

B. Details of ASD

B.1. Transformation Rules

Table 6 details the transformation rules in the ASD paradigm, providing guidelines for converting various source formats
into specific target formats: yes/no questions (Y/N), multiple-choice questions (MCQ), short answer questions (short), brief
explanation/description questions (brief), and detailed explanation/description questions (detail). These rules specify the
Response Format Prompt (RFP) and methods for rewriting both the instruction and ground-truth (GT) labels. The outlined
transformations serve as general guidelines for typical scenarios but may require minor adjustments for specific applications.
Fig. 5 illustrates several transformation examples, demonstrating the conversion of five original question types into the other
four formats, thereby offering a clearer understanding of the transformation process in ASD.
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Figure 5. Illustrative transformations of the ASD paradigm: (a) Conversion of a yes/no question into four other question types; (b)
Conversion of a multiple-choice question into four other question types; (c) Conversion of a short-answer question into four other question
types; (d) Conversion of a brief description question into four other question types; (e) Conversion of a detailed description question into
four other question types.
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B.2. Transformation Details of CoIN-ASD

The CoIN-ASD benchmark is a modified version of the CoIN benchmark (Chen et al., 2024a), tailored using the ASD
paradigm to assess essential forgetting. Like CoIN, CoIN-ASD comprises eight tasks in sequence: ScienceQA (Lu et al.,
2022), TextVQA (Singh et al., 2019), ImageNet (Deng et al., 2009), GQA (Hudson & Manning, 2019), VizWiz (Gurari
et al., 2018), Grounding (Kazemzadeh et al., 2014; Mao et al., 2016), VQAv2 (Goyal et al., 2017), and OCR-VQA (Mishra
etal., 2019). In constructing the CoIN-ASD dataset, we primarily adhere to the transformation rules outlined in Sec. B.1,
with minor modifications in three specific instances:

1. ScienceQA questions to short answer format: ScienceQA questions (Lu et al., 2022) are initially MCQs, where some
samples require the provided options to determine the correct answer. For example, questions such as “Which state
among the options is the northernmost?” require explicit options to identify the correct response. To accommodate
this, we include a reformatted option list when converting ScienceQA questions into short answer ones, structured as

“[Option 1], [Option 2], ..., or [Option N]”. Additionally, the RFP is adjusted to a more natural one: “Directly give the
answer.”

2. ImageNet and Grounding questions to Y/N or MCQ: In these cases, employing an MLLM for distractor generation
is unnecessary. For ImageNet questions, we randomly select distractors from the class list. For Grounding questions, we
randomly generate bounding boxes with an Intersection-over-Union (IoU) less than 0.5 compared to the GT bounding
box. For other tasks with similarly constrained answer spaces, reformulating them as Y/N or MCQ can also eliminate
the need for MLLM-based distractor generation using similar strategies.

3. Grounding questions to brief or detailed format: Instead of using a response format that combines a direct answer
with an explanation, we reformulate the questions to request descriptions of the content within the given bounding box,
which is more natural.

All other transformations strictly follow the rules defined in Sec. B.1. Further details on the prompts and transformed data
examples are available in our code repository.

C. Loss Function

The overall loss function of the model is defined as:
£total = ﬁlm + ['Tega (3)

where L, .4 is the regularization loss defined in Eq. 2, and £y, is the standard language modeling loss, i.e., the next-token

prediction loss, given by:
L

»Clm = — Z log P($1|Xv7 Xinstruct,<i7 th,<i)7 (4)
=1

where L denotes the length of the answer, X, represents the visual input tokens, and X, sruct,<; and X, «; denote the
instruction and answer tokens preceding the current token x;, respectively.

Specifically, during training on the first task, there is no prior knowledge to preserve, so the objective reduces to the language
modeling loss alone. For all subsequent tasks, the objective corresponds to the complete loss defined in Eq. 3.
D. Definitions and Formulas of Metrics

In this section, we present the definitions and mathematical expressions of the four aggregate metrics employed in our
evaluation: Mean Fine-tune Accuracy (MFT), Mean Final Accuracy (MFN), Mean Average Accuracy (MAA), and Backward
Transfer (BWT).

MEFT represents the average accuracy of each task immediately after it is learned. This metric serves as an upper-bound
performance indicator, indicating the model’s performance without any forgetting. It is calculated as:

T
1
MFT = 7 ; A, 5)
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Table 7. Comparison of the proposed SEFE method with existing approaches, evaluated under KC metrics.

Method Accuracy on Each Task (%) Aggregate Results (%)
SQA  VQA™' ImgNet GQA VizWiz Grd  VQA” VQA°“® MFT+ MFNT MAAT BWT/
FFT 7346 5761 8179 5930 4597 7775 71.84 70.64 | 7594 6729 68.06 -8.65
LoRA 7411 6259 6421 6150 38.14 4332 69.64 8047 | 7849 6175 6834 -16.74
O-LoRA 8445 6750 8467 6040 5241 60.85 7097 7828 | 77.86 69.94 71.87 -7.91
LoTA 76.54 6293 3328 5431 5712 1931 61.73 7630 | 67.84 5519 6442 -12.66

FFT+ASD 80.25 67.57 81.88 66.09 59.73 9.10 74.43 85.04 | 76.17 6551 7144 -10.66
LoRA+ASD 80.09 66.13 7239 6446 6689 5940 7206 7529 | 7729 6959 7336 -7.71
O-LoRA+ASD | 80.82 6943 86.37 6687 6733 5934 7359 6743 | 7594 7140 75.07 -4.54
LoTA+ASD 8249 63.01 4475 5699 5842 3698 67.53 7642 | 7038 60.82 70.12  -9.56

SEFE (Ours) 80.79 7059 89.05 66.44 6381 5790 7441 8336 | 77.98 7329 75.61 -4.69

Table 8. Evaluation of main components in our method, evaluated under KC metrics.

. Aggregate Results (%)
Configuration MFT{ MFN? MAAT BWT}
Baseline (LoRA) 7849 6175 6834 -16.74
+ ASD 7729 6959 7336  -1.71
+ASD + RegLoRA | 77.98 7329 75.61  -4.69

where 7' is the total number of tasks, and A, ; denotes the accuracy on task ¢ immediately after learning it.

MEFN measures the average accuracy across all tasks after the model has completed the entire incremental training sequence.
This metric reflects the model’s final performance after all tasks have been learned. It is defined as:

T
1
MFN = > Ars, (6)

i=1
where At ; represents the accuracy on task 4 after learning all 7" tasks.

MAA provides a comprehensive measure of the model’s performance throughout the entire training process. It is the mean
of the average accuracies on all learned tasks after each incremental training step. The formula for MAA is:

11
MAA = j;( : ;AM), @)

where A; ; denotes the accuracy on task ¢ after the model has been trained on the first j tasks.

BWT assesses the extent of forgetting by measuring the difference in accuracy for each task between the final training step
and immediately after the task was learned. It is calculated as:

T
1
BWT = — Ari — Aiy). 8
7 ;< 7 — Aii) ®
A negative BWT value indicates forgetting, with larger negative values implying greater forgetting.

E. Knowledge Capability

In this section, we present the evaluation results based on the Knowledge Capability (KC) metrics. As defined in the CoIN
benchmark (Chen et al., 2024a), KC metrics involve utilizing Qwen1.5-32B (Bai et al., 2023a) to assess the knowledge
reflected in model responses.

Table 7 compares our method with existing approaches using KC metrics. Additionally, it includes results incorporating
the ASD paradigm into existing methods. This table parallels the Truth Alignment (TA) metrics reported in Table 1. The
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Table 9. Comparison of data transformation proportions in ASD, evaluated under KC metrics.

X Aggregate Results (%)

MFT?t MFNT  MAAT BWTY?
0 78.49 61.75 68.34 -16.74
10 75.62 68.18 72.24 -7.44
20 77.29 69.59 73.36 -1.71
40 78.30 66.85 72.41 -11.45
60 75.63 67.77 71.97 -7.86
80 74.17 67.59 72.02 -6.58

Table 10. Comparison of regularized element proportions in Regl.oRA, evaluated under KC metrics.

M Aggregate Results (%)
MFTt  MENt MAAtT BWTY
0.5 76.89 73.26 74.79 -3.63
1 77.74 74.06 75.29 -3.68
2 77.98 73.29 75.61 -4.69
5 76.79 73.09 74.90 -3.70
100 77.41 72.09 74.80 -5.32

observed trends in KC metrics align closely with those in TA metrics. First, integrating ASD improves performance across
various methods. Although KC metrics primarily assess knowledge rather than instruction-following—an aspect theoretically
unaffected by superficial forgetting—severe superficial forgetting can obscure a model’s true knowledge capabilities (as
illustrated in Fig. 1 and Fig. 4). This explains the enhancement in KC metrics achieved with ASD. Second, even with ASD
integration, existing methods still underperform compared to our SEFE approach, further demonstrating the effectiveness of
ReglL.oRA in mitigating essential forgetting.

Table 8 evaluates the main components of our method. Table 9 explores the impact of varying data transformation proportions
in ASD, i.e., hyperparameter X. Table 10 investigates the effect of different proportions of regularization elements in
RegloRA, i.e., hyperparameter M. Finally, Table 11 examines the influence of different regularization targets in RegLLoRA.
These results correspond to the TA results presented in Tables 2, 3, 4, and 5 of the main text, and similar trends are
observed in both KC and TA metrics. Specifically, Table 8 confirms the substantial advantage of combining both core
components. Table 9 identifies 20% data transformation in ASD as optimal. Finally, Tables 10 and 11 demonstrate that
focusing regularization on the top 2% of elements in the weight update matrix AW yields the best performance in RegLoRA.

While the KC results generally align with the trends observed in the TA results and appear reasonable overall, certain failure
cases were identified during evaluation. For example, when a model’s response is “Yes”, Qwen1.5-32B (Bai et al., 2023a)
often assigns a high score to it, even when this answer is highly unreliable or entirely irrelevant to the question. These issues
may occur at a similar rate across different experimental settings, potentially mitigating their impact on the overall trends.
Nevertheless, due to these limitations, we consider the TA results to be the most reliable, with the KC results serving as a
supplementary reference.

Table 11. Comparison of regularization targets in RegLLoRA, evaluated under KC metrics.

Aggregate Results (%)
Regul- Tet | \ipry  MENT  MAAT BWTH
A 77.84 6883 7330  -9.01
B 7733 6955 7309  -7.78
A& B 7775 6932 73.08  -8.43
AW (Outs) | 77.98 7329 7561  -4.69
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Table 12. Comparison of different MLLM:s for data transformation in ASD, evaluated under TA and KC metrics. “N/A” denotes the

absence of ASD.
MLLM TA Aggregate Results (%) KC Aggregate Results (%)
MFT? MFNt MAAt BWT{ MFTt MFNT MAAT BWTY
N/A 70.21 41.59 39.53 -28.62 78.49 61.75 68.34 -16.74
InternVL2-8B 66.80 48.72 59.17 -18.08 76.28 69.21 72.73 -7.06
InternVL2-26B 68.13 47.88 59.71 -20.26 77.29 69.59 73.36 -7.71

Table 13. Comparison of different A\ values for Regl.oRA, evaluated under TA and KC metrics.
TA Aggregate Results (%) KC Aggregate Results (%)

A MFTt+ MFENT MAAT BWTt , MFTt MFNt MAAt BWT}
1 x 10° 69.83 5650 6179  -1333 | 7839 7328 7474  -5.11
2.5 x 10° 69.02 5857  63.04  -1045 | 7798 7329  75.61  -4.69
5 x 103 68.17 5852 6254  -9.65 | 7740  73.09 7525  -4.30

F. Different MLLMs in ASD

To evaluate the impact of data quality generated by MLLMs on ASD, we compare the performance of models trained with
data produced by InternVL2-26B (our default) and InternVL2-8B (OpenGVLab Team, 2024). The results are presented in
Table 12. Since both MLLMs belong to the InternVL?2 series, this comparison controls for additional confounding factors,
suggesting that larger models produce higher-quality data. The results show that the model trained with InternVL2-26B data
performs slightly better on the most critical MAA metric. However, overall, there is no significant difference compared
to the model trained with InternVL2-8B data. Regardless of the MLLM used, both models significantly outperform the
baseline without ASD (denoted as “N/A” in the first row). These findings suggest that the effectiveness of ASD may not
strongly depend on the quality of MLLM-generated data. Instead, ASD’s primary advantage lies in exposing the model to
diverse answering styles during task learning, thereby mitigating biases toward any single style.

G. Hyperparameter ) in Regl.LoRA

Table 13 presents the aggregate metrics for TA and KC under varying values of the regularization loss weight hyperparameter
A in ReglL.oRA. As shown, smaller A values lead to higher MFT scores, indicating improved acquisition of new knowledge.
In contrast, larger A values result in higher BWT scores, signifying reduced forgetting of previously learned knowledge.
Overall, the findings suggest that A = 2.5 x 102 achieves the optimal trade-off between these objectives, yielding the highest
performance in the key metrics, MFN and MAA, for both TA and KC.

H. Additional Case Studies

In Fig. 6, we present additional case studies to complement those discussed in Fig. 4 of the main text. Specifically, cases 1-3
involve ScienceQA scenarios (Lu et al., 2022) where the expected answers are the letters of correct options. However, the
baseline model, after learning the ImageNet task (Deng et al., 2009), incorrectly outputs the ImageNet category “Cucumber”.
Similarly, after learning the word-based VQAv2 task (Goyal et al., 2017), the model erroneously outputs the content of the
options. By incorporating ASD, the model produces answers in the correct format, and further adding ReglLoRA corrects
errors in some cases.

Cases 4-6 require responses of specified ImageNet categories as defined by the CoIN benchmark (Chen et al., 2024a).
However, after learning word-based tasks such as GQA (Hudson & Manning, 2019) or VizWiz (Gurari et al., 2018), the
baseline model fails to provide valid ImageNet categories. In contrast, applying ASD ensures the model generates valid
categories for all examples, with ReglLoRA further enhancing prediction accuracy.

Cases 7-8 involve short answer questions, where the expected outputs are words or phrases. The baseline model, influenced
by recent training on the Grounding task (Kazemzadeh et al., 2014; Mao et al., 2016), instead outputs bounding boxes,
making it difficult to assess whether relevant knowledge is retained. Similar to previous cases, incorporating ASD corrects
the output format, while ReglLoRA further enhances the accuracy of the responses.
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Case 1l

Context: Select the best answer.

Which property do these three objects
have in common?

A.smooth

B. scratchy

C.slippery
Answer with the option's letter from
the given choices directly.

2
g coomber @) Supericil
B A @ e
@ @

Task: ScienceQA (task 1)

Model Stage: Learned 3 tasks (last learned task:
ImageNet)

Ground Truth: B

Case 6

=

According to ImageNet's taxonomy,
what is the object in the image?
Answer the question using a single
word or phrase.

Unanswerable

@ Superficial
@
@

Task: ImageNet (task 3)

Model Stage: Learned 5 tasks (last learned task
VizWiz)

Ground Truth: Barometer

Barometer

Barometer

Case 2

Context: Use the data to answer the question below.
Is the following statement about our solar system
true or false?
‘The smallest planet is made mainly of rock.

ise
B.true

Answer with the option's letter from the given
choices directly.

@ Superficial

'E' A @ Essential
-Q. s @

Task: ScienceQA (task 1)

Model Stage: Learned 7 tasks (last learned task:
VOAV2)

Ground Truth: B

IEI true

What brand is the black jacket on
the left?

Reference OCR token: adidas, S, M
Answer the question using a single
word or phrase.

2

lgl [0.03,0.23,056,09]
,g, addss (@)
,gl adidas @

Task: TextVOA (task 2)

Model Stage: Learned 6 tasks (last learned task:
Grounding)

Ground Truth: adidas

® Superficial

Case 3

%

What is the capital of Louisiana?

A. Frankfort

8. Salem

C. Baton Rouge

D. New Orleans

Answer with the option’s letter from
the given choices directly.

|g| baton rouge
|ﬂ| < @
|g| < @

Task: ScienceQA (task 1)

@ Superficial

Model Stage: Learned 7 tasks (last learned task:
VOAV2)

Ground Truth: C

Case 8

How many, hey, hey listen. How many
ounces is this container?

When the provided information is
insufficient, respond with ‘Unanswerable'.
Answer the question using a single word
or phrase.

|g| (023,025,083,004 (3 Superficial

|g| us @) Essential
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Task: VizWiz (task 5)

Model Stage: Learned 6 tasks (last learned task:
Grounding)

Ground Truth: unanswerable

Case 4

According to ImageNet's taxonomy,
what is the object in the image?
Answer the question using a single
word or phrase.

'B' Tower @& Superficial
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Task: ImageNet (task 3)
Model Stage: Learned 4 tasks (last learned task:
GOA)

Ground Truth: Castle

Case 9

Please provide the bounding box
coordinates of the region described
by the sentence 'a white and red
umbrella' in the format [x1, y1, x2,

L "
|g| L)
lgl 0.0,035,025,05]

,g, 1035,025,065,0.45]

® Superficial
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@

Task: Grounding (task 6)

Model Stage: Learned 8 tasks (last learned task
OCR-VOA)

Ground Truth: [0.38, 0.25, 0.65, 0.42]

Case 5

According to ImageNet's taxonomy,
what is the object in the image?
Answer the question using a single
word or phrase.

Trunk

@ Superficial

.-} @ Essential
-ﬂ- koda (@)

Task: ImageNet (task 3)

Model Stage: Learned & tasks (last learned task:
GQA)
Ground Truth: Koala

Bucket

Case 10

Please provide the bounding box
coordinates  of the region
described by the sentence 'a table
on the right' in the format [x1, y1,
x2,y2].

|g| Ne

069,051,088, 069

@ Superficial

( Essential
70510071 (&)

Task: Grounding (task 6)

Model Stage: Learned 8 tasks (last learned task:
OCR-VGA)

Ground Truth: [0.78, 0.51, 1.0, 0.73]

Figure 6. Additional case studies of main components in the proposed SEFE method. (a) Instruction; (b) Response from the baseline
model (LoRA); (c) Response from the baseline model with ASD added; (d) Response from the baseline model with both ASD and
ReglL.oRA added; (e) Basic information of the case.

Finally, cases 9—10 pertain to the Grounding task. After exposure to the word-based OCR-VQA task (Mishra et al., 2019),
the baseline model generates words instead of the required bounding boxes. After applying ASD, the model generates
responses in the correct format, and the addition of Regl.oRA significantly improves the IoU between the predicted bounding
boxes and the GT. Specifically, the IoU for case 9 increases from 0.0 to 0.76, and for case 10, it rises from 0.28 to 0.83.
These results reaffirm the efficacy of our ASD method in mitigating superficial forgetting and the role of RegLL.oRA in
addressing essential forgetting.

20



