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Abstract: As a branch of computer science, artificial intelligence (AI) has been widely applied across various medical 
fields. Medical laboratory education faces challenges such as resource scarcity, and AI technology has brought 
innovative transformations to this domain, promoting the democratization of educational resources, standardization 
of teaching practices, and precision of personalized learning. However, challenges remain, including the “black box” 
problem of AI algorithms, ethical risks, teachers’ adaptation to technological integration, and the cultivation of students’ 
critical thinking. In the future, AI is expected to be deeply integrated into medical laboratory education, ushering in 
a new era of “human-machine symbiosis.” Achieving this vision, however, requires multi-dimensional collaborative 
efforts. This paper explores the innovative applications of AI in medical laboratory education and envisions future 
development directions to advance the field.
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1. Introduction
Artificial intelligence (AI), based on computer science, encompasses various types such as symbolic reasoning, 
machine learning, deep learning, natural language processing, and visual robotics, and finds applications in 
multiple domains. The application of AI in the medical field primarily includes intelligent assistant diagnosis, 
treatment, and health management. In terms of intelligent assistant diagnosis, AI technology can enhance 
doctors’ diagnostic accuracy and efficiency by analyzing medical images, pathological slices, and other 
information [1–2]. Deep learning techniques exhibit high accuracy in assisting the diagnosis of diseases like gliomas 
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and renal cell carcinomas [3]. For intelligent treatment, AI can provide personalized therapeutic regimens for 
patients based on their genomic profiles and disease conditions [4]. Additionally, AI plays a significant role in 
drug discovery, vaccine design, and other areas. In health management, AI is utilized for predicting disease 
risks, offering health advice, managing chronic diseases, and more, thereby improving people’s health and 
quality of life.

Medical laboratory science, as a crucial means of medical diagnosis, serves as a key bridge connecting 
basic medicine and clinical diagnosis and treatment. Its teaching content spans multiple dimensions, including 
experimental operations, instrument usage, data analysis, and clinical diagnosis. However, traditional education 
often faces challenges such as scarce resources, inadequate teaching standardization, and the absence of 
personalized learning. To this end, the utilization of AI-based technologies provides an innovative pathway 
to address these challenges, pushing medical laboratory science education toward intelligent and precise 
transformation. This article aims to explore the innovative applications of AI technology in medical laboratory 
science teaching and discuss its future development directions.

2. Core applications of AI in medical laboratory science teaching
2.1. Teaching aids
Utilizing AI-driven visualization tools, complex concepts can be represented through graphics and 
animations, providing intuitive visual explanations that make abstract medical information more accessible 
and understandable. These tools also offer corresponding exercises and feedback. For instance, in clinical 
hematology laboratory courses, AI constructs a knowledge graph of blood cell generation and development, 
enabling students to clearly grasp the knowledge structure and internal connections, understand the relationships 
between different cells and diseases, and recognize various blood cell images to train their cell morphology 
identification skills. This teaching method not only helps students understand the application of AI in medical 
laboratory science but also allows them to grasp the working principles of AI in blood cell classification and 
morphology recognition [5]. Furthermore, by analyzing students’ learning data and performance, AI can identify 
their weaknesses and strengths, tailoring exclusive learning paths. For example, students who are weak in 
anemia-related knowledge may receive targeted learning content and practice questions on anemia classification 
and diagnostic key points, making it easier for them to understand and master the knowledge.

2.2. Virtual simulation experiment platform
Practice is an essential component of medical laboratory science teaching. Combining AI with virtual 
reality technology provides medical students with a safe, controlled, and highly simulated clinical operation 
environment that closely replicates real-world experimental settings, including instruments, equipment, 
experimental benches, and materials. Through AI virtual technology, students can perform experimental 
operations in a virtual environment, such as blood smear preparation and cell morphology observation. The 
system provides real-time feedback on operational accuracy, such as prompts on the appropriate angle and 
speed during smear preparation, instant feedback scores, and suggestions. This enhances their practical skills 
and manipulation techniques. AI-driven virtual laboratories (e.g., Labster, Beijing Oubeier platform) can 
simulate the entire process of medical tests like blood analysis and microorganism cultivation. Coupled with a 
real-time error correction and operation scoring system, they assist students in comprehending and memorizing 
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knowledge points and mastering standardized operational norms. This instant feedback significantly contributes 
to the rapid improvement of students’ experimental skills and analytical abilities [6].

2.3. Case analysis and clinical decision training
In medical laboratory science teaching, students need to integrate knowledge from various disciplines, such 
as clinical laboratory microbiology, molecular biology, biochemistry, and more. They are required to combine 
laboratory test results with clinical practice, providing clinicians with recommendations and accurate diagnoses. 
However, students majoring in medical laboratory science often lack opportunities to enter clinical settings and 
connect with clinical practice, making the integration of laboratory and clinical practice a significant challenge 
and focal point in teaching.

AI technology provides possibilities to complement and improve this issue. A virtual case library based 
on generative AI (such as GPT-4, ERNIE Bot-4.0) can integrate a large amount of clinical laboratory case data, 
covering various disease types and symptom manifestations. This provides students with a rich and diverse array 
of real cases, which are helpful for training in the interpretation of test results and auxiliary diagnosis [7]. AI can 
analyze clinical test results, such as blood routine and biochemical indicators, identify abnormal values, and 
suggest possible disease tendencies. This aids students in understanding the correlation between test results 
and diseases. For example, machine learning algorithms can be used to establish risk assessment models 
for cardiovascular diseases, providing students with analytical insights and a reference basis [8]. AI can also 
automatically generate diversified clinical scenarios (such as infectious diseases, abnormal tumor markers, 
etc.). Students need to combine virtual patient test data (such as blood routine, PCR results) to propose auxiliary 
diagnoses. Real-time feedback on their analysis helps to point out errors and deficiencies, allowing students to 
make timely corrections. Additionally, after course learning, students can input key search terms such as disease 
names or test indicators to quickly retrieve and match relevant cases from the database for analysis and training 
on specific cases. AI can comprehensively evaluate learners’ case analysis and decision-making abilities from 
multiple dimensions, assisting students in integrating their knowledge and enhancing their clinical decision-
making skills.

2.4. Interactive learning
AI interactive teaching tools like MedPaLM can engage in real-time interaction with students through voice, text, and 
image modalities, providing personalized learning support and answering student questions instantly [9]. Furthermore, 
AI can tailor personalized learning plans for students based on their knowledge mastery and learning abilities, 
targeting weaknesses with specific reinforcement training. Compared to traditional learning methods, AI 
technology integrates, categorizes, and manages learning resources, thereby improving learning efficiency.

3. Teaching advantages of AI technology
3.1. Resource universalization
Through virtual simulation and cloud resource integration, AI significantly reduces teaching dependence on 
physical equipment and biological specimens. Labster and BioDigital can transform costly equipment like flow 
cytometers and mass spectrometers into infinitely reusable three-dimensional interactive models. Students can 
complete the entire training process, including specimen handling, instrument operation, data analysis, result 
interpretation, and diagnosis, through terminal devices. Additionally, AI-driven digital specimen libraries (such 
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as the Visible Body pathology slide database) address the issue of specimen depletion in traditional teaching. 
Students can observe rare cases from multiple angles, increasing resource reuse rates by over 80% [10]. This “cloud 
resource pool + smart terminal” model provides universal access to educational resources for institutions in 
developing countries and remote areas.

3.2. Teaching standardization
AI algorithms unify operational evaluation criteria, reducing human bias. AI technology enables quantitative 
analysis and pattern recognition, constructing a standardized teaching framework. In microbiology laboratory 
teaching, the YOLO algorithm can analyze the trajectory density and angular deviation of inoculation 
loop streaking operations in real-time. It performs pixel-level comparisons with WHO standard operation 
videos, generating quantitative indicator reports. During the examination report review process, natural 
language processing models automatically detect logical contradictions and terminology errors, ensuring 
output compliance with industry standards. Compared to traditional teaching, AI’s standardized training can 
standardize student operational procedures, reduce error rates, and enhance the accuracy of clinical diagnostic 
decisions.

3.3. Precise learning
Through multi-dimensional learning data analysis, AI constructs a dynamic portrait of students’ abilities, 
enabling the precise implementation of teaching strategies. AI utilizes reinforcement learning algorithms to 
tailor learning paths for each student: pushing virtual simulation training for students with high operational error 
rates and strengthening case analysis for those weak in clinical reasoning. In more cutting-edge applications, 
emotional computing technology can capture signals of student anxiety, allowing AI mentors to dynamically 
adjust the pace of teaching [11]. Ultimately, by collecting and analyzing students’ learning data, AI integrates 
various indicators to make more targeted teaching decisions.

4. Challenges and limitations
4.1. Technical challenges
AI algorithms rely on massive and high-quality data for training. In the field of medical laboratory science, data 
comes from a wide range of sources and is complex, including diverse data from different detection equipment 
and patient populations. The quality of these data varies, with issues such as missing data and incorrect labeling, 
limiting the accuracy and reliability of trained AI models. For example, in blood cell morphology analysis, if 
the blood cell images in the training data are mislabeled, the AI may give incorrect guidance to students during 
teaching, affecting their judgment. Additionally, teachers and students need to understand the principles behind 
AI decisions to better interpret test results. However, the current “black box” characteristic of AI models makes 
it difficult to present the basis for judgments visually, hindering effective knowledge transfer [12].

4.2. Ethical and privacy risks
Clinical teaching involves a large amount of sensitive clinical data, which requires anonymization and 
compliance when used for teaching purposes. Clinical data contains a wealth of sensitive information about 
patients, from basic personal identification information to detailed disease diagnosis and treatment records. If 
privacy leaks occur during the use of these data for teaching, it can infringe on patients’ rights and may lead 
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to a series of legal disputes. Although various data anonymization techniques exist, such as de-identification 
and encryption, there are still many technical and legal challenges to ensure their complete effectiveness and 
compliance in clinical data applications. Therefore, how to ensure the security and usability of anonymized data 
while meeting teaching needs remains an urgent problem to be solved [13].

4.3. Educational issues
AI technology is gradually integrating into the field of clinical education, bringing many changes to teaching 
and clinical practice. However, its over-reliance may cause new problems. The traditional teaching model is 
deeply ingrained, and teachers are accustomed to lecture-style teaching, with a low acceptance of AI integration 
into teaching. Some teachers lack AI-related knowledge and skills, making it difficult to effectively integrate AI 
tools with teaching content, resulting in poor teaching effects. Students may overly trust algorithms and neglect 
the cultivation of critical thinking. For example, in microbiological testing experiments, students may abandon 
traditional microscope observation and biochemical identification methods, relying solely on AI detection 
results. In the long run, students’ basic testing skills and clinical thinking will not be fully exercised, making it 
difficult to adapt to future clinical laboratory work. Therefore, maintaining humanistic care and thinking training 
in AI-assisted teaching is a key direction that needs to be focused on in the future.

5. Future prospects
5.1. Deep integration into diagnostic work
In the future, AI technology is expected to achieve deeper integration with medical laboratory teaching, tightly 
embedding itself into clinical work and building a closed-loop ecology of “teaching-practice-feedback.” On 
one hand, it is crucial to focus on developing seamless integration between AI-assisted diagnostic tools and 
teaching systems. Taking the fields of pathological image recognition and genetic data analysis as examples, 
advanced AI algorithms can precisely analyze pathological section images, quickly identify diseased cell 
characteristics, and efficiently process massive genetic data, providing a key basis for disease diagnosis. When 
these AI-assisted diagnostic tools are perfectly integrated with teaching systems, they can simulate a very 
realistic clinical diagnostic environment. Students can access case data and diagnostic processes similar to 
those encountered in actual clinical work, from image or data acquisition and analysis to the final diagnostic 
conclusion, comprehensively exercising clinical decision-making skills and greatly improving the effectiveness 
of teaching and students’ practical abilities.

5.2. Innovative applications of generative AI
Generative AI has huge innovative potential in the field of medical laboratory teaching. Using diffusion models 
to generate high-fidelity virtual inspection scenes will greatly enhance students’ immersion during learning. 
These virtual scenes can highly restore the real medical laboratory environment, including the appearance and 
operation of various inspection instruments, as well as the inspection process and reactions of different disease 
samples. Students can operate as if they were in a real laboratory, not only avoiding the risk of sample waste 
and instrument damage that may be caused by operational errors but also allowing them to practice repeatedly 
in a virtual environment and accumulate rich practical experience.

In addition, building AI virtual patients that support natural language interaction and dynamic disease 
evolution will further enrich teaching content and formats. AI virtual patients can simulate various real patient 
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symptoms, medical histories, and test results. Students can communicate with virtual patients in natural 
language to obtain disease information and make diagnoses. As communication deepens, the virtual patient’s 
condition will dynamically evolve based on set rules and student decisions, just like a real patient’s condition 
changes during treatment. This allows students to comprehensively exercise their clinical communication skills, 
diagnostic abilities, and ability to respond to changes in patient conditions in a safe and controlled environment, 
fully preparing them for future clinical work [14].

5.3. Reconstruction of the educational ecology
In the future, medical laboratory education will form a new ecology of “platform sharing + standardized 
certification.” Firstly, it is important to establish a global AI resource sharing platform for medical laboratory 
teaching. Through this platform, medical education institutions around the world can share high-quality AI 
teaching resources, including virtual experiment scenes, case databases, teaching courseware, etc. Teachers 
and students from different regions can interact and share teaching experiences and learning insights on the 
platform, achieving cross-institutional collaboration. This not only promotes the balanced distribution of 
educational resources, allowing more students to benefit from advanced AI teaching technology, but also 
accelerates knowledge innovation and dissemination in the field of medical laboratory teaching. Secondly, it is 
necessary to establish certification standards and ethical norms for AI teaching tools. Developing certification 
standards can rigorously evaluate the functionality, performance, accuracy, and other aspects of AI teaching 
tools, ensuring teaching effectiveness. Simultaneously, clear ethical norms can regulate the development, use, 
and data processing of AI teaching tools, protecting the rights, interests, and privacy of students and patients, 
preventing technology misuse, and providing solid support for the healthy development of AI technology in 
medical laboratory teaching.

6. Conclusion
The “13th Five-Year Plan” for National Education Development points out that “Internet + Education” has 
become the direction of future education reform and development [15]. Artificial intelligence technology, with its 
unique advantages, has brought unprecedented changes to medical laboratory teaching, upgrading it from the 
traditional “knowledge transmission” model to a “capability cultivation” model.

Through the organic combination of AI data-driven and intelligent interaction, a new, efficient, safe, and 
scalable medical laboratory education ecology is being built. However, there is still a long way to go to achieve 
deep integration between artificial intelligence and medical education. In the future, collaborative efforts will 
be needed in multiple key dimensions. Innovation in teaching models is also a crucial aspect of promoting 
the integration of AI and medical education. Teachers need to actively explore how to organically combine AI 
technology with traditional teaching methods. Schools and educational institutions should increase investment 
in AI teaching ability training for teachers, encourage teachers to conduct AI-based teaching research, and 
form a series of mature and effective AI-integrated teaching models to meet the development needs of medical 
laboratory teaching in the new era.

Looking ahead, medical laboratory education will move towards a new stage of “human-machine 
symbiosis”, where the role of teachers will transition from knowledge transmitters to learning experience 
designers, and AI systems will become “smart mirrors” providing precise feedback. This transformation is not 
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only about improving teaching efficiency but is also an important driver of globalization in medical education. 
Through cloud resource pools and low-code teaching tools, medical students in remote areas can gain access 
to training resources equivalent to those of top medical schools. When technological optimization, ethical 
governance, and educational innovation resonate, AI will truly become the core engine for reshaping the 
medical talent cultivation paradigm.
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