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Ethical Challenges and Governance of Artificial Intelligence
in Embryo Selection for Human Assisted Reproduction

ethical challenges

transparency: black-box
models limit explainability
autonomy: undermines patient
understanding and choice
accountability: blurred
responsibility lines

equity: exacerbates access and
fairness issues

governance

regulation: strict oversight of
Al deployment

long-term tracking: RCTs and
cohort studies on live birth and
child health

transparent data: open sharing
with privacy safeguards
explainable Al: develop
interpretable models

cross-disciplinary cooperation:

integrate diverse expertise for
holistic governance

Abstract: With the global infertility rate continuing to rise, assisted reproductive technology (ART) has become a crucial

solution for overcoming fertility barriers. In vitro fertilization and embryo transfer (IVF) is a core component of ART, and
embryo selection within this process is a key determinant of pregnancy success. Traditionally, embryologists rely primarily on
static morphological assessment criteria (such as the Gardner scoring system) to grade and select embryos. While this method
offers advantages such as procedural transparency and ease of explanation to patients, it is inherently limited by its high
dependence on the subjective experience of practitioners, resulting in significant inter-observer variability, poor reproducibility,
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and limited predictive power. In recent years, the widespread adoption of time-lapse videography(TLV) technology has enabled
continuous, non-invasive monitoring of embryonic development, generating vast amounts of image and parameter data. However,
human experts struggle to extract all meaningful information from such complex data streams. Against this backdrop, artificial
intelligence (Al), particularly deep learning (DL) and computer vision (CV) technologies, due to their exceptional capabilities in
processing high-dimensional unstructured data and identifying subtle patterns, have been rapidly introduced into the field of
human assisted reproduction to assist or even lead embryo selection decisions. The application of Al is seen as a critical
breakthrough for improving IVF success rates and achieving precision reproductive medicine. Yet, every technological innovation
brings profound ethical and social transformations. The use of Al in embryo selection not only alters traditional clinical decision-
making models but also touches upon fundamental ethical issues concerning the origin of life, individual autonomy,
technological accountability, and social equity. Therefore, systematically exploring the ethical challenges posed by Al in embryo
selection and constructing corresponding governance frameworks hold significant theoretical value and practical urgency.

This paper offers an in-depth analysis of the ethical challenges posed by artificial intelligence (AI) in human assisted
reproductive embryo selection and proposes actionable governance pathways. Using an integrated methodology of literature
review and bioethical analysis, it first examines the technical foundations, current advances, and predictive benefits of Al-
assisted embryo selection. Building on this, the study critically explores four core ethical dimensions: decision transparency,
patient autonomy, responsibility attribution, and social equity. Methodologically, the research begins by classifying Al systems—
glass box, matte box, and black box—and analyzing how the unexplainability of deep neural networks in "black box" models
undermines interpretability. It then applies core bioethical principles—autonomy, beneficence, non-maleficence, and justice—to
assess Al's impact on informed consent, clinician-patient dynamics, accountability mechanisms, and equitable access to care.
Finally, drawing on China's regulatory landscape—including the Data Security Law, the Standards, Security, and Service
Management Measures for National Health Medical Big Data (Trial), and the Opinions on Strengthening Ethical Governance of
Science and Technology—the paper formulates concrete recommendations for a multi-layered, adaptive ethical governance
framework.

The study concludes that while Al offers significant technical advantages in embryo selection—particularly through deep
learning models that automatically extract subtle, dynamic developmental features from time-lapse videography data, enabling
objective, standardized assessments of implantation potential and reducing human bias—it also introduces profound ethical risks.
First, the prevailing use of "black box" Al systems severely compromises decision transparency: clinicians and patients cannot
understand or explain why a particular embryo was selected or discarded, undermining the traceability, credibility, and regulatory
oversight of clinical decisions. Second, this opacity weakens patient autonomy by rendering informed consent largely formalistic;
when patients cannot grasp the algorithmic basis of recommendations, and clinicians overly defer to Al outputs, reproductive
decision-making may shift toward "algorithmic paternalism", contradicting the principle of shared decision-making. Third,
responsibility attribution becomes ambiguous when Al participates in or dominates selection—should implantation fail,
complications arise, or offspring health issues emerge, it is unclear how liability should be distributed among clinicians,
institutions, and developers, leaving existing accountability frameworks ill-equipped to address harms caused by algorithmic
flaws or biased data. Fourth, social equity is at risk: high costs may concentrate Al-enhanced ART among affluent groups,
widening access disparities, while algorithms trained on unrepresentative data could perpetuate systemic biases affecting traits
like gender or genetics, sending harmful societal signals. Moreover, reducing embryos to algorithmic scores may diminish their
perceived intrinsic value as potential lives, raising serious concerns about the dignity of human life.

In conclusion, the application of Al in embryo selection is a double-edged sword, carrying both technological potential and
ethical risks. Given the current immaturity of the technology, unknown long-term safety, and lack of uniform evaluation
standards, the principle of "cautious advancement and ethics first" must be upheld. A future-oriented ethical governance system
should be constructed, centered on strengthening regulation, ensuring transparency, clarifying responsibilities, and promoting
fairness. In the short term, priority should be given to developing highly interpretable "transparent box" models, establishing a
scientific evaluation system based on randomized controlled trials and long-term birth cohort studies, and promoting limited
public access to data and code. In the long run, interdisciplinary collaboration must be deepened, laws and regulations improved,
and mechanisms established to ensure that Al technology truly serves human well-being, enabling sustainable and responsible
development in the field of assisted reproduction.

Keywords: human assisted reproductive technology; artificial intelligence; human embryo selection; bioethics; ethical
governance of technology



