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As foundation models grow in size and scope, key chal-
lenges emerge in scaling their trustworthiness and adapt-
ability to the diverse needs of individual users in mitigat-
ing the risk of unhelpful, non-factual, or harmful content.
We argue that addressing these challenges requires refram-
ing model reasoning as an active grounding process, where
models deliberately acquire, select, and organize knowledge
from multiple tools and modalities rather than passively re-
lying on pretraining correlations. Here, we propose a uni-
fied paradigm of active knowledge grounding to design
advanced reasoning and agentic frameworks for more reli-
able, context-aware assistive Al technology. We instantiate
this paradigm through three mutually reinforcing pillars.

We start by introducing the emerging trend in scaling the
depth and creativity of multimodal reasoning beyond text-
centric cues through Thinking with Images (Su et al. 2025).
By encouraging models to perform interleaved cross-modal
reasoning and externalize intermediate structure through vi-
sual scratchpads, Thinking with Images allows models to dy-
namically manipulate visual context, simulate unseen sce-
narios, and build robust reasoning chains for hypothesis gen-
eration and explainable conclusions in tasks such as STEM
problem solving, embodied Al planning and adaptation, and
creative design domains.

As chain-of-thought advanced reasoning still fails when
faced with knowledge gaps or factual ambiguity, we then in-
troduce WebWatcher (Geng et al. 2025), one of the first vi-
sion—language deep research agents. WebWatcher actively
plans research trajectories, gathers information from web
pages and complex visual layouts, and performs fragmented
multi-step reasoning to verify claims, surface conflicting ev-
idence, and track sources. This enables models to move be-
yond single-shot retrieval toward end-to-end research work-
flows that more closely resemble how human experts read,
compare, and synthesize information. In the long term, we
plan to extend this direction to support collaborative sci-
entific discovery and policy analysis, where agents must
coordinate with human researchers, manage provenance at
scale, and provide decision-makers with faithful summaries
of what is known, what is uncertain, and what remains con-
tested.

Finally, to further scale up effective and efficient hu-
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man—Al collaboration, we present AdaCtrl (Huang et al.
2025) as a novel training and control mechanism for adap-
tive alignment. Building on theoretical and empirical analy-
sis of self-correction and rethinking in large models, AdaCtrl
dynamically steers model behavior according to user pref-
erences, risk tolerance, and task difficulty, while adaptively
allocating computational resources (e.g., when to deliberate,
reflect, call external tools, or defer to a human). This frame-
work provides a path toward scalable oversight in real-world
workflows, where human attention and compute budgets are
limited, but reliability, robustness, and transparency are crit-
ical.

In summary, multimodal deep search and reasoning,
wrapped with a difficulty-aware adaptive control layer,
paves the way as a modularizable active knowledge ground-
ing foundation for the next generation of advanced human-
centric trustworthy Al in support of healthy and intelligent
information ecosystems. Our ultimate goal is to help shape
foundation models into reliable and steerable partners that
can be safely embedded in scientific, educational, and so-
cial domains, while creating a principled testbed for study-
ing how humans and Al systems can reason, learn, and make
decisions together.
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