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Task Context
You have just watched a video and now 
need to help to answer the 
multiple-choice question.[question]. 
Below is a catalog of skill/modalities 
you might need. Indicate which are 
required to answer the question.
1. Only select skill/modality IDs 
necessary to answer the provided 
question.
2. Respond strictly with the selected 
skill IDs, separated by commas.

Question:Can you identify key 
information in the video and what’s the 
results for the formula?

Expert Selection 
Module/Router

Expert Aggregator
Select the best answer to the 
following multiple-choice question 
based on all the provided 
information.

Detailed Desc. Expert
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📖

🎬 In this video, a teacher is 
explaining a formula.

📐

The formula in the video is: 
E=mc2. Calculate E given 
m=2 kg and c=3×108m/s

Given the values:\[m = 2\, 
\text{kg}, \quad c = 3 \times 
10^8\, \text{m/s}\], …
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Figure 1: Overview of the MEXA Architecture. Given the input task context and question, MEXA first employs an
MLLM router (Sec. 3.2.2) to select the appropriate experts based on input modality and required reasoning skills.
The aggregator (Sec. 3.2.3) then reasons over the outputs from the selected experts to generate the final answer.

single model, such agent-based (or model-based)
mixtures selectively aggregate the outputs of inde-
pendently trained models through dynamic routing
mechanisms to solve tasks. This design allows for
more flexible and targeted knowledge utilization,
promoting improved generalization across tasks
and greater extensibility. However, existing ap-
proaches primarily focus on single-modality set-
tings (Chen et al., 2025) or lack support for com-
plex reasoning tasks (Li et al., 2024b; Wang et al.,
2024; Li et al., 2025; Cao et al., 2025). In contrast,
our method extends this line of work by scaling
expert modularity to handle heterogeneous multi-
modal inputs and reasoning, enabling more versa-
tile and adaptive problem-solving across domains.

Many-Modal Understanding and Reasoning.
Real-world environments are increasingly dynamic,
requiring the need for AI systems to perceive and
process a broader range of modalities beyond uni-
modal learning. This growing demand has led to
advances in models that integrate diverse signals
such as images, audio, text, and 3D point clouds
to improve learning and generalization. Among
these, Vision-Language Models (VLMs) (Huang
et al., 2023; Li et al., 2023a; Gong et al., 2023;
Chen et al., 2023a) support tasks like speech recog-
nition and audio captioning by fusing acoustic and
textual information. Similarly, 2D-3D Joint Mod-
els (Li et al., 2020; Hou et al., 2021, 2023; Lei et al.,

2024) combine spatial and geometric features for
enhanced 3D scene understanding. However, these
models are typically limited to fixed modality-task
combinations and struggle to generalize or scale to
novel modality inputs. This motivates the develop-
ment of flexible many-modality systems (Zellers
et al., 2022; Han et al., 2023; Li et al., 2023b; Gird-
har et al., 2023; Liu et al., 2023b; Yu et al., 2024)
that adapt to heterogeneous inputs and reasoning
demands across domains. Yet, most existing sys-
tems are primarily designed to fuse multiple input
modalities and learn perception and reasoning im-
plicitly within a unified architecture. While effec-
tive for many tasks, these approaches often struggle
with scalability and tend to overlook the explicit
use of LLMs’ advanced reasoning capabilities. In
contrast, our modular framework selects and co-
ordinates expert models through an LLM-driven
router and aggregator, directly leveraging reasoning
abilities that are insufficiently exploited by unified
multimodal architectures.

3 MEXA: Dynamic Multi-Modal Expert
Aggregation

We first highlight the challenges faced by general-
purpose multimodal reasoning systems in Sec. 3.1
and introduce our skill-specialized expert ag-
gregation framework as a solution in Sec. 3.2.
Within Sec. 3.2, we first describe the organization
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