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Background
Scientific progress is limited not only by data volume but by the human capacity to interpret it. Critical

insights in medicine, climate science and engineering remain hidden in dense data sets, complex figures
and siloed literature. While large language models (LLMs) have revolutionized text understanding,
scientists still struggle to extract insights from diagrams, multilingual publications and discipline-specific
findings.

The Big Idea
Develop Al research copilots that understand how scientists think and work, enabling discovery at
unprecedented speed and scale.

Why does this matter? Current tools cannot fully interpret complex scientific artifacts or connect findings
across disciplines. Copilots that understand diagrams, equations and expert reasoning could accelerate
discovery, identify non-obvious connections and reduce duplication of effort.

What will you do? These Al systems will synthesize information across modalities and languages, model
expert reasoning, integrate symbolic and neural approaches, and ensure rigorous standards for
attribution, ethics and IP compliance. They will help researchers generate hypotheses, interpret complex
visual data and bridge knowledge gaps across Penn’s schools and beyond.

How will you do it? We will build multimodal vision-language models tailored to scientific diagrams, plots
and microscopy images; capture reasoning chains via think-aloud protocols and concept bottleneck
models; integrate symbolic reasoning to translate natural language into executable code or queries; and
develop retrieval-augmented systems to connect findings across disciplines. Trustworthy design will be
enforced through collaborations with Penn Carey Law and Al ethics experts.

Impact

These research copilots could transform science by enabling comprehensive literature reviews,
cross-disciplinary discovery and early hypothesis generation. They leverage Penn’s strengths in natural
language processing, computer vision, explainable Al and access to proprietary research databases.
Translational potential includes Penn-wide deployment for research acceleration, commercial research
platforms and startups in automated literature synthesis, multi-language patent analysis and visual data
extraction for scientific figures.


https://www.cis.upenn.edu/~ccb/

