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Key Takeaways
• The evolution of artificial intelligence is not subject to the same limitations as the evolution of human intelligence,

with significant implications for knowledge and education.
• Researchers should be cognizant of the potential for knowledge monoculture and the diversion of resources and focus

away from core issues.
• Educators should consider focusing on cultivating uniquely human capacities that complement or supplement artificial

intelligence.

Hyunjin Shim, PhD, is an assistant professor at California
State University, Fresno, where her lab researches and
develops next-generation infection diagnostics and therapeu-
tics, with the long-term aim of combating antimicrobial
resistance. Her background is in biotechnology, bioengineer-
ing, and innovative genomics. In this piece, she explores
some of the higher-level risks and potential implications of
artificial intelligence for our knowledge systems through her
lenses as a biologist, researcher, and educator.
As a biologist, witnessing the evolution rate of artificial
intelligence (AI) is remarkable. Since the conception of AI
in the 1950s, AI research was revived and accelerated in
the early 21st century by the development of deep learning,
thanks to advances in hardware and access to big data [1].
Since then, we have been experiencing the penetration of
AI or AI-related technologies in almost every aspect of our
intellectual lives.
This evolution rate is unprecedented in the realm of any
scientific and technological field, particularly biology. Human
evolution, as for any organic life form, is driven by pow-
erful evolutionary forces but ultimately limited by several
factors, from mutation rates and generation times to envi-
ronmental stability and the speed of natural selection [2].
While the evolution of AI is also subject to limits—for
example, physical, computational, and data limits—it enables
knowledge storage and generation that can be more rapid
and persistent than human understanding. Human knowledge,
by contrast, depends on ongoing education, with individual
comprehension in a sense “resetting” generationally.
This asymmetry underscores the need to take a longer-term
perspective in examining the implications of AI’s role in, and
impact on, human knowledge generation and education.

AI and Human Knowledge
As a researcher, the focus of human intelligence has recently
shifted from volume to depth, given the superiority of AI
in broad knowledge access and processing speed. Since

the generative AI boom in 2019, a positive feedback loop
has developed between the accumulation of AI and human
intelligence: the training datasets of deep learning methods
have been annotated from human activities, and AI has
been enhancing the advances of human knowledge through
cognitive extension [3].
The key purported benefits of AI are accelerated research
and discovery. In biology, the advances of deep learning
began to influence various research areas as early as 2015,
including sequencing technologies [4-6], protein engineering
[7,8], pathogen evolution [9,10], and biomedical images [11,
12]. AI has also shown unprecedented capacity in integrat-
ing information and predicting outcomes in some scientific
domains, such as predicting protein structures using the AI
system AlphaFold [13,14]. However, AI advances have not
solved all critical problems in scientific research and have
created new challenges.
For some critical issues, AI integration diverts attention
and investment from solving the fundamental problem to
chasing shiny tools. For example, the spread of antimicro-
bial resistance—an urgent public health issue—is mak-
ing common infections untreatable and impeding modern
medicine [15]. While the antibiotic development pipeline
suffers from the lack of a viable market for newly devel-
oped antibiotics [16], a more serious issue is bacteria rapidly
developing resistance to small-molecule antibiotics [17].
Yet, fuelled partially by AI hype, most research studies on
antibiotics focus on high-throughput screening or de novo
design of small molecules [18,19]. The attention of the
scientific community and industry has been diverted away
from investing resources into higher-risk—and potentially
higher reward—research developing entirely new strategies
to tackle antimicrobial resistance [16].
Perhaps as concerning is the potential stifling of creativity
and innovation. Generative AI output is fundamentally based
on averaging and predicting patterns from big training data
[20]; when used in research, it creates monocultures of
knowing—a reduction in the diversity of thought and ideas—
that can weaken the production of scientific knowledge [21].
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Another concern related to utilizing AI in research is shifting
the focus from solving real-world problems to maximizing
output by exploiting AI’s speed and breadth of knowledge
[22]. The current AI bubble exists in academic settings as
much as in industry settings, driven by opportunity costs and
output inflation in areas of research that require intuition and
strategic innovation.

AI and Human Education
The incorporation of AI into higher education is inevitable
and has implications for the future of knowledge gener-
ation. Younger generations are rapidly adapting to new
technologies, and attempts to prohibit AI tools in classrooms
and coursework are unlikely to succeed. Unlike previous
technologies such as calculators, AI intersects with nearly all
aspects of learning, including writing, critical thinking, and
creative production. Furthermore, the use of AI tools raises
significant concerns about academic honesty and integrity, as
it is more difficult to detect and regulate than other types of
academic misconduct, such as plagiarism [23].
The benefits of AI in education have been widely accepted
as personalized learning support, real-time feedback, and
engaging with complex information. Ironically, this integra-
tion of AI in education also shifts the focus of educational
practice. Some educators are reverting to analog or low-
tech assessments, such as oral exams or handwritten essays,
to ensure authenticity in student work, reflecting ongoing
uncertainty about how to assess student learning in AI-aug-
mented contexts [24].
Historically, higher education has been central to innovation
by preparing specialists through extended periods of study.
For instance, the education of a doctor often spans more

than two decades. In contrast, AI systems can absorb and
synthesize vast amounts of information in a fraction of that
time, which prompts questions about traditional educational
timelines and the skills most relevant to acquire.
Indeed, much of the content traditionally taught in the current
education system can be distilled into core principles that AI
systems already master efficiently. There may be extensive
periods in education where traditional knowledge transfer
is inefficient, hindering students from acquiring skills and
competencies that complement rather than compete with AI.
Education should make knowledge transfer more effective by
focusing on cultivating uniquely human capacities where AI
currently has limitations or requires oversight—for example,
thinking outside the box, identifying core problems, and
developing interpersonal skills.

Retaining What Is Human
AI can be a powerful tool for supporting human knowledge,
but dependency on that tool comes with potential risks for the
quality, diversity, sustainability, and appropriate deployment
of that knowledge—risks that are amplified by the rapid rate
at which it is evolving.
Ultimately, human-centered pathways for education and
knowledge generation need to be carefully preserved
alongside, and outside of, AI systems, to diversify knowl-
edge sources and to ensure that human decisions reflect and
prioritize human needs and values.
Higher education has a responsibility to ensure human
intelligence remains distinct from AI and that both serve the
long-term greater good for human well-being.
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