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Summary

Artificial intelligence (Al) is reshaping medical biochemistry
education by enabling data-driven learning, virtual laboratories,
adaptive platforms, and Al-assisted clinical case simulations.
Thoughtful integration of commercial Al tools can enhance
understanding, personalize learning, and harmonize
competencies across global programs. Attention to ethics,
equity, and student engagement ensures that Al serves as a tool
to deepen learning rather than replace critical thinking.

Ozet

Yapay zeka (YZ), veri odakli 6grenme, sanal laboratuvarlar,
uyarlanabilir platformlar ve YZ destekli klinik vaka similasyonlari
ile tip biyokimyasi egitimini donusturlyor. Ticari YZ araglarinin
Ozenle entegrasyonu, 6grenmeyi gelistirebilir, kisisellestirilmis
6grenme saglayabilir ve kiresel programlar arasinda yeterlilikleri
uyumlu héle getirebilir. Etik, esitlik ve 6grenci katihmina dikkat
edilmesi, YZ'nin elestirel disltnmeyi ikame etmek yerine
O6grenmeyi derinlestiren bir arag olarak kullaniimasini saglar.

In recent years, the convergence of artificial intelligence (Al)
and biomedical education has spurred profound discussions
about curriculum modernization. Medical biochemistry—a
cornerstone of medical education bridging basic science and
clinical application—stands to benefit enormously from judicious
integration of commercial Al tools. This commentary explores
emerging insights into how a reimagined international core
curriculum for medical biochemistry can harness commercial
Al solutions to improve educational outcomes, foster global
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competency, and equip future healthcare
professionals for an Al-augmented clinical
landscape.

This study is a classic review that aims to offer
a current overview of artificial intelligence in
biochemistry education. We will discuss several
subheadings under two main headings.

A) Convergence of theory and application

Al is rapidly becoming established in medical
biochemistry education in five main domains (1):

1) data analysis and interpretation (large -omics
and laboratory datasets, visualization/summary)

2) virtual laboratories and simulations (VR/
interactive vLabs)

3) personalized learning and adaptive platforms

4) intelligent teaching assistants / Q&A /
conversational systems (LLM-based)

5) clinical case studies / scenario-based learning
supported by generative Al

These approaches hold promise for enhancing
learning efficiency, accessibility, and assessment.
Yet, implementation must address issues of
accuracy, evaluation evidence, accessibility, and
ethics/privacy.

e Data Analysis and Interpretation (Student &
Teaching Support)

Machine learning (ML) and deep learning methods
allow students to visualize biochemical datasets
(spectral data, metabolomics/proteomics outputs,
lab series), discover patterns, and reduce statistical
interpretation errors (2). Educational tools also
provide “automatic summaries,” highlight key
variables, and add short explanatory notes. These
applications increasingly support both preclinical
lab logic and clinical biochemistry interpretation
practice.

e Virtual Laboratories and Simulations

VR/interactive virtual laboratory platforms (e.g.,
Labster, custom vlLabs) help students prepare
before experiments, practice protocols error-
free, and simulate costly/risky experiments (3). Al
contributes in two ways: (a) generating simulation
behavior/sample results (modeling physical
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processes), and (b) analyzing learning data to
give feedback through learning analytics. Meta-
analyses show vLabs improve conceptual learning,
motivation, and preparation, though most students
still prefer them as preparation rather than full
replacements for wet labs (4).

* Personalized Learning and Adaptive Systems

Adaptive learning platforms use Al to predict
students’ knowledge levels in real time, adjusting
content, difficulty, and focus (5). This is particularly
useful in medical biochemistry, where the knowledge
load is high, enabling reinforcement of weak areas.
Systematic reviews report generally positive effects
but highlight methodological heterogeneity (6).

« Intelligent Teaching Assistants and Q&A Systems
(LLMs)

Large language models (LLMs) and domain-
specific teaching assistants are being used for
content summarization, Q&A, quiz generation, and
student feedback (7). Pilot studies show increased
engagement, but risks include inaccuracies/
hallucinations and lack of citation transparency (8).
Faculty oversight remains essential. Some studies
report improved student performance; though large
randomized evidence is still scarce (8).

e Clinical Case Studies and Scenario-Based
Learning

Generative Al (LLMs, multimodal models) is being
used to create case scenarios, provide tailored
feedback, and simulate patient interactions.
Early studies show promise in supporting clinical
reasoning skills, but risks of inaccuracies and
unclear evaluation standards remain (9).

Application example: In real-world settings (e.g.,
OpenAl collaborations with Al Consult), Al tools
have reduced clinical errors and supported training,
serving as models for case-based education (9).

e Limitations, Risks, and Ethics

- Hallucination / noise: LLM-based assistants can
produce errors — human oversight is essential (7).

- Evidence heterogeneity: Studies show positive
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outcomes, but methodological diversity makes
broad generalization risky (8).

- Equity & access: High-quality VR/AI systems
require infrastructure, limiting access in low-
resource settings.

- Privacy & data use: Student and patient data use
in Al must comply with GDPR/HIPAA and local
regulations.

» Another Important Risk: Student Overdependence

One notable risk of integrating commercial Al tools
into medical biochemistry education is student
overdependence on these technologies, which
can diminish the development of independent
analytical and reasoning skills. When learners
rely excessively on Al-generated explanations,
data interpretations, or problem solutions, their
engagement with complex biochemical principles
may become superficial. This tendency can lead
to an erosion of deep conceptual understanding
and a reduced capacity to critically evaluate
scientific information. Moreover, the ease and
immediacy provided by commercial Al platforms
may encourage passive learning behaviors, where
students focus on obtaining answers rather than
understanding underlying mechanisms. To ensure
that Al serves as an enhancement rather than a
crutch, its use must be balanced with strategies that
maintain rigor and intellectual autonomy in higher
education settings.

e Global Dispatrities in Applying Al to Medical
Biochemistry Education

Practical implementation of commercial Al
tools in medical biochemistry education can
vary considerably due to differences in internet
infrastructure, language accessibility, and regional
availability of educational resources. In regions
with limited or unstable internet connectivity,
the consistent use of cloud-based Al platforms
may be hindered, reducing equitable access to
digital learning opportunities. Language barriers
also present a significant challenge, as most
commercial Al systems are optimized for English,
potentially disadvantaging students and educators
in non-English-speaking contexts. Additionally,
disparities in institutional funding and technological
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infrastructure across regions can widen existing
educational gaps, limiting the ability of some
universities to adopt or sustain Al-enhanced
curricula. These factors highlight the need for
adaptable implementation strategies that consider
local contexts and promote inclusive access to Al-
supported education.

* Roadmap — For Educators Who Want to
Implement Al

1. Pilot + Oversight: Start small (e.g., 30-student
cohort) with a vLab or LLM assistant pilot, measure
both quantitative (exams) and qualitative (surveys)
outcomes.

2. Human-in-the-loop: Require faculty review of all
Al outputs, especially in assessments and case
explanations.

3. Training & Policy: Provide Al literacy for faculty;
update academic integrity and data privacy policies.

B) Commercial Practice and Curriculum
Development

e Rationale for Curriculum Reform

Medical biochemistry traditionally encompasses
molecular  biology, enzymology, metabolism,
genetics, and clinical biochemistry. However, both
the expanding complexity of biomedical knowledge
and the changing landscape of clinical practice
necessitate curriculum updates. Two factors
accelerate this imperative.

First, there is an explosion of biomedical data,
especially in the fields of genomics, proteomics,
metabolomics, and digital health records (10).
Clinicians are increasingly expected to interpret
biochemical data in data-rich environments.
Second, Al-powered diagnostics, decision support,
and patient monitoring are shifting physician roles
from primary data interpreters to informed decision-
makers based on algorithmic outputs (11).

Given these shifts, medical biochemistry education
must not only provide robust biochemical
foundations but also instill competency in data
literacy, computational thinking, and Al-assisted
clinical reasoning. An international core curriculum
integrating commercial Al tools can ensure
harmonized, future-ready education across diverse
settings (12).




* Emerging Insights into Curriculum Integration

Several insights have emerged from recent
educational innovation pilots, systematic reviews,
and policy analyses that can guide curriculum
redesign.

» Competency-Based Al Integration

Embedding Al-related competencies across
biochemistry modules yields deeper understanding
and relevance than isolated Al electives. For
example, when teaching metabolic disorders,
commercial Al-powered tools such as deep-
learning image analysis platforms can demonstrate
how biochemical data patterns inform diagnosis
(13). Core competencies might include:

- Global Harmonization through Commercial
Platforms

Cloud-based commercial Al educational platforms
can democratize access and reduce resource
disparities. Tools like IBM Watson Health, Elsevier's
ClinicalKey, and Al-powered simulation apps (e.g.,
Body Interact) offer standardized content and
analytics to learners worldwide (14). Integrating
these into core syllabi allows for shared benchmarks
and comparable outcomes. For example, students
in Nairobi, Sao Paulo, and Copenhagen could all
use the same Al-assisted virtual patient platform to
simulate biochemical case studies.

- Flipped and Personalized Learning

Commercial Al-based adaptive learning systems
(e.g., McGraw-Hil's ALEKS, Pearson’s Revel)
can tailor biochemistry content to individual
learner profiles, enhancing engagement and
accommodating varying backgrounds—crucial for
international cohorts (15). In enzymology modules,
Al-powered quiz platforms can adjust question
complexity in real time, offering remediation or
advanced challenges as needed.

- Al-Assisted Research Skill Development

Medical biochemistry curricula often
underemphasize research literacy. Integrating
commercial Al tools for literature synthesis

(e.g., Elicit, ResearchRabbit) and bioinformatics
(e.g., Geneious, Benchling) into coursework can
scaffold students’ research competencies (16). For
example, when teaching gene regulation, students
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might use an Al-assisted literature mining tool to
identify emerging biomarkers in cancer metabolism.

- Global Implementation Strategies

For an international Al-integrated biochemistry
curriculum to succeed, coordinated efforts across
stakeholders are essential.

- Accreditation Bodies (e.g., WFME, IFMBE):
Develop global standards that include Al
competencies in medical biochemistry.

- Professional Societies (e.g., IUBMB, IFCC):
Curate vetted Al educational toolkits and guidelines.

- Universities and Medical Schools: Form consortia
to co-develop open-access Al curricular modules.

- Commercial Al Providers: Offer equitable
licensing, faculty training, and transparent algorithm
documentation.

A promising model is the Global Medical
Biochemistry Al Collaborative (GMBAIC), modeled
on initiatives like the Global Alliance for Medical
Education. GMBAIC could curate open-access Al-
powered resources, coordinate faculty webinars,
and facilitate multicenter educational research.

Conclusion

Integrating commercial Al tools into an international
core curriculum for medical biochemistry education
offers unprecedented opportunities to enhance
learning, harmonize global competencies, and
future-proof medical graduates. However, success
depends on thoughtful, ethical, and equitable
design supported by global collaboration.

As Al reshapes healthcare, equipping future
physicians with both biochemical expertise and
Al fluency is not a luxury—it is an educational
imperative. Through inclusive and innovative
curriculum reform, medical educators can ensure
that tomorrow’s clinicians harness Al not as a
crutch, but as a catalyst for compassionate, data-
informed patient care.
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