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CHALLENGES AND OPPORTUNITIES OF Al FOR INFORMATICS

In every aspect of human production and daily life, information has been
continuously generated, from oracle bone script in ancient China and
cuneiform in Mesopotamia, to modern broadcast news and online media
content, from the earliest oral communication and gestural cues, to the
emergence of Al-generated videos and voices. Although the carriers of infor-
mation are constantly evolving, information itself has always been inextrica-
bly intertwined with the development of human society, inseparable from it.
With the explosive growth of information, we now have unprecedented
opportunities to perceive, analyze, and utilize the insights deeply embedded
within big information.

Informatics is the systematic science of collection, storage, processing,
and exploiting data to produce actionable knowledge and inform decision-
making for study across diverse fields, thereby underpinning scientific
research of information. As an interdisciplinary field, Informatics supplies rich
nourishment for the advancement of Al technologies, while Al, in turn, gener-
ates exponentially growing data along with Al-based informatics methods,
bring fundamental revolution in the entire landscape of informatics (Figure 1).

Al for Informatics is reshaping the frontiers of muiltiple disciplines. In
Al4Science, the integration of data-driven models with scientific theory has
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transformed traditional research paradigms, enabling automated discovery
and simulation; however, it also raises challenges related to interpretability,
reproducibility, and the integration of human intuition into machine-assisted
reasoning.

In electronic informatics, advances in Al-driven design and signal processing
have enhanced computational efficiency and system reliability, yet they
demand new standards for energy consumption, security, and interoperability.
In computer science, the rise of large-scale Al systems introduces opportuni-
ties for new algorithmic theories and computing architectures, while chal-
lenging existing theories of complexity, scalability, and ethics. Besides,
automation and control systems are evolving toward adaptive, self-organizing
mechanisms guided by real-time data and learning algorithms, yet must
contend with issues of safety, robustness, and human—machine coordina-
tion. In the domain of semiconductors and information devices, Al acceler-
ates material discovery and chip design, but the physical limits of miniatur-
ization and sustainability remain significant bottlenecks. Optical and opto-
electronic information technologies benefit from Al-enhanced imaging, sensing,
and communication, paving the way for ultrafast and intelligent information
networks, though challenges persist in data volume management and
noise reduction. Biomedical informatics has witnessed unprecedented

Figure 1. The interdisciplinary landscape and
applications of informatics in the Al era.

opportunities for precision medicine, multi-
omics integration, and healthcare decision
support, yet it faces ethical dilemmas
surrounding data privacy, fairness, and clinical
validation.  Lastly, computational social
science leverages Al to decode human mobil-
ity, social networks, and collective behavior,
offering new insights into complex societal
systems, while simultaneously confronting
issues of bias, transparency, and governance.
Collectively, while there are still some issues
that needed to be addressed, these develop-
ments mark a paradigm shift toward data-
driven, intelligent, and interconnected modes
of scientific inquiry and technological innova-
tion.
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EDITOR’S HIGHLIGHTS

We are excited to announce the first issue of
The Innovation Informatics. The works
featured in this issue showcase the pivotal role
of Al-driven informatics methods in advanc-
ing biomedicine, embodied intelligence, mate-
rials science, chemistry, soft robotics, and
medicine. Together, these contributions exem-
plify the intrinsically interdisciplinary nature of
informatics and highlight the journal's broad
scope in exploring how intelligent computa-
tion drives innovation across scientific
domains.

Li et al's perspective on Biomedical Al
charts the evolution of technology from digital
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models trained on vast biomedical datasets, to physically intelligent systems
such as surgical robots that interact with and learn from their environments,
and further toward biological intelligence that enables direct communication
between human brains and Al.'

In the article "Interpretable and robust multimodal data integration for
precise treatment response and survival prediction in gastric cancer”, Zhou et
al. proposes an interpretable and robust multimodal data integration frame-
work (iMD4GC) for gastric cancer analysis, effectively combining heteroge-
neous data sources to predict treatment response and survival outcomes
while enhancing clinical interpretability, reliability, and decision-making
support.”

Tang et al. introduce PsyRTDevice, an open-source toolkit that enables sub-
millisecond evaluation of reaction time (RT) device accuracy using sound-
wave technology.” The toolkit allows researchers to rapidly quantify latency
and variability across wired and wireless devices. By providing a practical and
accessible validation framework, PsyRTDevice enhances experimental rigor
and reproducibility in cognitive and behavioral research.

An et al. summarized recent progress of embodied intelligence along three
constitutive elements—intelligence, embodiment, and environment—as well
as three core capabilities: perception, decision-making, and action, highlight-
ing current advances and challenges, and conclude with perspectives on
future directions toward adaptive, multimodal, and collaborative embodied
systems.”

Ma et al. reviews how active learning is used in accelerating material
discovery and introduces a framework that categorizes active learning in both
experimental and computational settings, highlighting the importance of inte-
grating domain knowledge and addresses interpretability challenges.”

NEWS & COMMENTS

A number of insightful pieces exploring the frontiers of informatics, Al, and
interdisciplinary innovation are presented in this issue. Optical computing is
reviewed as an energy-efficient, high-speed alternative for Al inference, over-
coming the limitations of traditional electronic platforms in large-scale gener-
ative models. Challenges in defining and quantifying “understanding” in large
language models are discussed, emphasizing the need for unified, repro-

ducible evaluation standards. In bioelectronics, the NeuroWorm soft fiber
electrode enables real-time, dynamic, long-term bioelectrical monitoring,
representing a breakthrough. Machine learning's integration into large scien-
tific facilities is examined, with a focus on maintaining scientific principles
while enhancing operational efficiency. Geospatial foundation models are
explored as tools to support the development of digital ecological civilization
and sustainability initiatives. Trustworthy Al is shown to enhance safety and
resilience in low-altitude system-of-systems operations through reliability,
explainability, robustness, and human-Al collaboration. Finally, interface engi-
neering in perovskite solar cells is highlighted for improving photostability and
photovoltaic performance, pointing toward future applications and research
directions.
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