
RESEARCH STATEMENT

AI That Thinks and Acts According to What It Senses
: Sensory-Adaptive Intelligence

Daeun Lee
PhD Candidate at UNC Chapel Hill · daeun@cs.unc.edu

Figure 1. From human multisensory perception to embodied AI that senses, reasons, and acts to support
diverse human needs.

Physical world does not reveal itself through a single modality, and intelligence cannot emerge
from perception, reasoning, or action alone. Humans combine diverse senses, adapt their
reasoning to the evidence available, and act in ways that reshape what they perceive next.

Despite remarkable progress, today’s AI remains far from this form of intelligence in two
fundamental ways. First, current AI perceives only a fraction of the physical world. Most
foundation models rely primarily on vision and language, while humans and embodied
agents draw on far richer sensory evidence, including gaze, depth, touch, motion, and 3D
spatial context. Yet the physical world is inherently partially observable: no single sensory
channel provides all the evidence needed to understand every situation. Robust physical
intelligence therefore requires integrating complementary sensory signals to reveal what
any single modality leaves unobserved. Second, perception, reasoning, and action remain
disconnected. Most AI systems receive predefined inputs, reason over them, and produce an
answer or action. While each capability has advanced rapidly in isolation, intelligence in the
physical world requires a closed loop: what an agent perceives should shape how it reasons;
reasoning should determine what additional evidence or action is needed; and those actions
should, in turn, shape what the agent perceives next.
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Q. Which transition best matches the user’s gaze pattern?
(A) {pot, kettle} → {faucet} → {tomato} (B) {pot, knife} → {plate} → {cucumber}

(C) {cup} → {bottle} → {sink} (D) {pan} → {refrigerator} → {counter}

Gaze Triggered Alert

Object Appearance Alert

Future Action Prediction

Object Identification (Easy/Hard) 

Object Attribute Recognition

Gaze Sequence Matching

Non-Fixated Object Identification

Scene Recall 

Object Transition Prediction

Q. [00:00] Alert me when the lid appears.
A. [05:50] It appears! 

Q. [00:00] Monitor my gaze and alert me when I gaze on the boiling pot.
A. [10:53] You are gazing the pot now!

Q. What color of is this currently gazing object?
(A) Red (B) Blue (C) Yellow (D) Green

Q. Which object is the user currently gazing? 
(A) Lid (B) Pan (C) Cucumber (D) Spoon

Q. Based on recent fixations, what will the user do next? 
(A) Pour water to the pot  (B) Move around pasta 

(C) Close the container      (D) Put the trash

Q. What object does the user gaze at next 
after looking at {pot and kettle}?

(A) Cup (B) Faucet (C) Knife (D) Counter

Q. When the user was gazing at the {tomato, knife, plate}, 
which background object was NOT visible?

(A) Plate (B) Counter (C) Curtain (D) Stove

Q. Among {kettle, stove, microwave, faucet}, 
which did the user never gaze at?

(A) Kettle (B) Stove (C) Microwave (D) Faucet

StreamGaze (Lee et al., 2026)

(a) Text-Centric Reasoning 

Ours (VisionCoach)

(c) Grounded Reasoning

❌ Hallucinated explanation 
without visual observation ❌ Heavy inference overhead ❌ Inaccurate grounding

Q. What is the color and type of the vehicle that appears after the helicopter flies by?
A. A black sedan is seen on the ground after the helicopter passes.

Text
Reasoner 

Let me think about 
this carefully.. 
I cannot see any 
vehicle after 
helicopter flies.. Tool 

Reasoner 

Let’s first see video [8:00-
8:30] when helicopter flies. 

(b) Tool-Based Reasoning

External tool calling

Let’s crop the video to see.. 

External tool calling

ST Reasoner 
There is helicopter in 
[120,150,395,292] at 
12s. .. I see white 
car after this.

Training: Visual Prompting-Guided RL with Self-Distillation    Inference: Single Forward Path Inference 

Improved spatio-
temporal grounding

Internalized
ST Reasoner 

There is helicopter in 
[350,70,390,288] at 12s. .. I see 
black car in [120,100,600,50] at 
60s.... Therefore answer is 
black car is seen after helicopter 
passes. 

ST Reasoner Visual-prompted 
Input

VP-SelectorHard sample

Easy sample

Advanced
Reward

Self-Distillation 

Initial Reward

… 

VisionCoach (Lee et al., 2026)

Figure 2. Sensory-adaptive intelligence. Left: Expanding What AI Can Sense through richer sensory
signals, as explored in StreamGaze. Right: Adapting Intelligence to What It Senses by changing how
models reason based on perceptual evidence, as explored in VisionCoach.

These two gaps motivate my research on Sensory-Adaptive Intelligence: building AI that
perceives the physical world through richer sensory signals and adapts its reasoning and
actions to the evidence they provide. My research asks: How can we expand what AI can
sense, and how should its intelligence adapt to what it senses?

Expanding What AI Can Sense

My first research direction expands AI beyond conventional visual inputs toward richer sensory
evidence. Across my work, I have studied whether AI can interpret and reason with LiDAR [1],
HD maps [2], and human gaze [3]. In StreamGaze [3], I investigated whether streaming video
understanding could move from passive visual observation toward the continuous, user-
centered perception required by AR glasses. Gaze reveals more than where someone looks:
it provides evidence about what captures their attention, what they are searching for, and
what they may do next. developed a benchmark evaluating gaze-guided temporal reasoning,
intention understanding, and proactive prediction. Humans achieved 82.7% accuracy, while
even a leading closed-source multimodal model, GPT-4o, achieved only 53.5%, exposing a
substantial gap in current models’ ability to reason from this sensory signal. This led to a
broader insight: giving AI another sensor does not automatically make it more perceptive. A
multisensory system must understand what information each signal contributes, when that
information matters, and how it should change subsequent reasoning and decisions.

Adapting Intelligence to What It Senses

Richer perception is useful only if what an agent perceives can change how it thinks and
what it does next. My second research direction therefore investigates how intelligence can
adapt to its input [4–7]. In Video-Skill-CoT [5], I studied whether video reasoning could
adapt to the input domain rather than applying the same reasoning strategy to every video,
by learning specialized reasoning skills and selecting among them based on the input. In
VisionCoach [6], I extended adaptation to the learning process itself. VisionCoach identifies
perceptually difficult questions during reinforcement learning and selectively provides visual
prompts that direct the model toward relevant evidence. This adaptive training improved
video question answering accuracy from 33.5% to 61.1%, demonstrating how recognizing when
perception is insufficient can substantially improve reasoning. I further connected observation
to action in VideoRepair [7], where a model inspects its generated video, diagnoses semantic
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errors, and selectively regenerates erroneous regions while preserving correct content. Rather
than producing an output once, the system uses what it observes about its own failure to
determine what to change next. Together, these projects demonstrate early forms of input-
adaptive intelligence, where observations can alter reasoning, learning, and generation. Yet this
adaptation remains confined to predefined tasks, limited sensory inputs, and digital outputs.
Real-world intelligence requires a more general capability: adapting even when an agent does
not know in advance what sensory evidence, reasoning strategy, or action it will need.

Beyond Passive Perception: Toward Sensory-Adaptive Embodied AI

Building on these two directions, I will continue developing AI that can better understand and
reason over diverse sensory inputs, while more tightly closing the loop among perception,
reasoning, and action. Beyond this, my long-term vision is to build embodied AI that does not
merely process available sensory inputs, but actively constructs the perception it needs to
help people in the physical world. Rather than relying on fixed modalities or a predetermined
reasoning pipeline, such systems should decide what to sense, what information is missing,
and what action could reveal it.

Consider an assistive robot helping a person with limited vision find and retrieve medication
in an unfamiliar kitchen. Vision alone may not reveal whether a bottle is occluded, whether
it is the correct one, or whether it can be safely grasped. The robot could reposition itself for
a clearer view, use depth to localize the bottle, inspect its label more closely, and use tactile
feedback during manipulation. Each action would reveal new sensory evidence that updates
the robot’s understanding and determines what it should do next.

Ultimately, I hope to build AI whose perception is not fixed, but actively shaped by human
needs and the demands of the physical world.
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