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Abstract 

This review explores the merging of Artificial Intelligence (AI) with active learning methods like Problem-Based 
Learning (PBL) and Team-Based Learning (TBL) in the training of future general surgeons. AI technologies, including 
virtual and augmented reality, offer realistic simulations and interactive environments that can improve surgical 
training in general surgery residencies. These technologies support PBL and TBL by providing real-time data 
processing, facilitating problem-solving scenarios, and creating collaborative learning environments that enhance 
decision-making skills and clinical judgment. AI-powered tools personalize the learning process, adapt to various 
learner competencies, and optimize educational outcomes. This integration prepares residents with advanced technical 
skills and cultivates essential soft skills such as teamwork and problem-solving, which are critical in the 
multidisciplinary nature of surgical care. The implementation of AI in surgical education faces some challenges, such as 
high initial costs, potential resistance from traditional educators, and ethical concerns regarding data privacy and the 
dehumanization of education. However, the potential long-term benefits, such as increased efficiency, reduced training 
costs, and enhanced procedural proficiency, strongly argue for incorporating AI in surgical education. This synthesis 
promises to significantly reshape how surgical education is delivered, making it more efficient, scalable, and effective in 
preparing surgeons for the demands of contemporary healthcare environments. 

Keywords: Artificial Intelligence; Education; Medical; Problem Based Learning; Team Based Learning; Medical 
Residency; General Surgery.  

1. Introduction

The landscape of surgical education is undergoing a profound transformation, influenced significantly by advancements 
in technology and pedagogy1. Artificial Intelligence (AI) emerges as a pivotal innovation, offering novel approaches to 
enhance the training of future general surgeons2-4.  

This article examines the integration of AI with active learning methodologies in general surgery residency programs, 
aiming to elucidate the current state, benefits, challenges, and future directions of AI applications in surgical training5-

7. 

Active learning methodologies, which engage learners directly and involve more interaction than traditional passive 
listen-and-learn approaches, have shown effectiveness in various educational fields, including medicine8-10.  
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Problem-based learning (PBL), simulation-based training, and collaborative projects are crucial in surgical education. 
These techniques improve knowledge retention and critical thinking skills and enhance procedural and technical 
competencies11-13. 

Problem-based learning, in particular, is a student-centered pedagogy in which students learn about a subject through 
the experience of solving an open-ended problem presented in trigger material. It develops problem-solving skills 
focusing on knowledge retention, encouraging self-directed learning and immediate application of knowledge14-16. 

The advent of AI has introduced capabilities ranging from virtual and augmented reality simulations to data-driven 
personalized learning paths, offering unprecedented tools for educators and learners alike17-19.  

AI-driven simulations, for instance, allow for replicating complex surgical procedures in a controlled, risk-free 
environment, providing immediate feedback and enabling iterative practice without the ethical concerns associated 
with traditional training on live patients20-22. 

AI's role extends into personalized learning journeys through its ability to analyze large datasets, thereby tailoring 
educational content to the needs of individual residents. This optimizes learning outcomes and efficiently bridges 
individual knowledge gaps23-25.  

Moreover, augmented reality (AR) in surgery integrates digital information with the real world, offering visual overlays 
to guide surgical procedures, which enhances surgical precision and safety26-28. 

Automated performance feedback systems in AI provide instant feedback on surgical techniques by comparing them 
against best practices and standardized metrics. This is crucial for iterative learning and continuous skill improvement 
without constant human oversight29-31.  

Furthermore, AI enhances collaborative learning through platforms that support interactive learning, peer reviews, and 
mentorship, streamlining the learning process and improving the efficiency of educational programs through enhanced 
communication technologies32-35. 

Using big data analytics in surgical training assists in the predictive analysis of learning outcomes and proactive 
management of educational pathways, examining trends and patterns from extensive datasets to forecast potential 
difficulties and provide corrective measures36-38.  

However, integrating AI into existing educational frameworks brings challenges, including technical requirements and 
resistance among faculty, which are compounded by ethical and practical concerns such as data privacy and the 
potential dehumanization of education39-41. 

Future directions for AI in surgical training include innovations like machine learning-enhanced robotic surgery, which 
could revolutionize how procedures are taught and performed, offering greater precision and control. Regulatory 
bodies must also adapt, updating guidelines to accommodate new technologies and developing new certification criteria 
that reflect AI-enhanced competencies42-44. 

Implementing AI technologies comes with significant development, maintenance, and training costs, which the benefits 
of improved educational outcomes and patient care must justify. The effectiveness of these AI applications depends 
primarily on the adaptability of residents and educators to new technologies, necessitating ongoing professional 
development and technological adaptation45-47. 

AI supports team-based learning approaches, facilitating the coordination and analysis of team interactions and 
performance, improving individual competencies, and enhancing team dynamics and operational efficiency in surgical 
settings48-50. This technology also presents an opportunity to address global disparities in medical education, potentially 
equalizing the quality of surgical training worldwide51-53. 

This comprehensive review aims to dissect the role of Artificial Intelligence (AI) within the framework of active learning 
methodologies employed in training general surgery residents54-56. The primary focus is to elucidate how AI integrates 
with traditional and innovative teaching methods, such as problem-based learning, simulation-based training, and 
collaborative projects, to enhance the educational landscape57-59.  
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By examining the intersection of AI and active learning, this review intends to uncover the multifaceted benefits these 
technologies bring to surgical education, including personalized learning experiences, enhanced procedural 
simulations, and improved surgical outcomes through predictive analytics and real-time feedback mechanisms60-61. 

Integrating Artificial Intelligence (AI) into existing educational frameworks for surgical education encompasses a broad 
range of technical, ethical, and regulatory challenges62-64. Ensuring a robust computational infrastructure is critical; this 
includes not only powerful servers capable of processing large datasets but also reliable high-speed internet 
connections and substantial data storage solutions. These elements are fundamental for the seamless operation of AI 
applications that are increasingly sophisticated and data-intensive65-67. 

To effectively integrate AI, it is essential to utilize advanced software tailored for medical applications, which can model 
complex surgical procedures and predict outcomes accurately. These tools should be integrated with existing Learning 
Management Systems (LMS) or be capable of operating as standalone platforms that maintain compatibility with 
existing digital infrastructures68-70.  

Ensuring interoperability allows these AI tools to communicate efficiently with databases containing medical records 
and educational content, thereby facilitating a seamless educational experience71-73. 

Moreover, scalability of the AI systems cannot be overlooked. As the number of users grows and as data inputs increase, 
the systems should maintain performance without degradation75-77. Continuous technical support and periodic updates 
are necessary to adapt to new educational challenges and technological advancements, ensuring that AI tools remain 
effective and relevant78-80. 

Addressing potential resistance from educators is crucial for the successful adoption of AI in surgical training. Providing 
inclusive training that encompasses both the operational aspects of AI tools and their educational benefits can help 
mitigate resistance due to unfamiliarity81. Involving teachers in the development and implementation phases can foster 
acceptance and ensure the tools are optimally tailored to meet educational needs82. 

Transparency about the capabilities and limitations of AI will set realistic expectations and highlight the benefits, such 
as reducing administrative burdens and offering personalized feedback. Ensuring ethical use of AI, especially regarding 
data privacy, is crucial83.  

Teachers and students need assurance that AI tools will adhere to stringent ethical standards, with robust data 
encryption methods and compliance with health and data protection regulations such as HIPAA and GDPR84. 

Furthermore, the review will address the challenges and ethical considerations that come with the integration of AI in 
surgical training. These include issues related to data privacy, the potential dehumanization of education, and the 
resistance from traditional educational frameworks85.  

The discussion will extend to the technological, practical, and regulatory adjustments necessary to foster an 
environment conducive to AI applications in surgery. By providing a detailed analysis of current innovations and 
forecasting future trends, the review seeks to offer actionable recommendations for educators, technologists, and 
policymakers to advance the incorporation of AI in surgical education86.  

This effort is geared towards optimizing educational outcomes, improving operational efficiencies in surgical practices, 
and ultimately elevating the standards of patient care and safety in the field of general surgery48-52. 

Through these endeavors, the review will contribute to the global conversation on medical education reform, aiming to 
reduce disparities and promote equal opportunities for surgical training worldwide53-55.  

It will highlight how AI can serve as a pivotal tool in revolutionizing educational methodologies, making the training of 
future general surgeons more comprehensive, efficient, and aligned with the evolving demands of healthcare. 

2. Methods 

The research methodology involved a comprehensive search of multiple reputable databases to ensure the inclusion of 
relevant studies while minimizing the risk of bias. PubMed, Scopus, Scielo, Embase, and Web of Science were chosen 
due to their comprehensive coverage of peer-reviewed literature in the medical field. Additionally, Google Scholar was 
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utilized to access gray literature, which often includes valuable insights not found in traditional peer-reviewed articles. 
The study's selection criteria were centered on the focus: Artificial Intelligence and Active Learning Methodologies in 
the Training of Future General Surgeons: A comprehensive review. To refine the search and capture relevant studies, a 
combination of keywords was used, including "artificial intelligence”; “education, medical”; “problem based learning”; 
“team based learning”; “medical residency”; “general surgery”. This approach ensured that the selected studies were 
directly related to the topic of interest. The inclusion criteria encompassed various studies, such as systematic reviews, 
case-control studies, cross-sectional studies, case series, review articles, and editorial studies. This broad inclusion 
criteria aimed to gather a comprehensive range of evidence and perspectives on the subject matter. The process of 
analysis, review, and selection of materials was conducted rigorously to maintain the quality and relevance of the chosen 
studies. It involved a systematic and blinded approach, with pairs of reviewers independently assessing the title and 
abstract of each study. In cases of disagreement between the two reviewers, a third reviewer was involved to reach a 
consensus and ensure the final selection of studies was based on well-founded criteria. This meticulous research 
methodology guarantees that the findings and conclusions drawn in the article are rooted in a robust and diverse body 
of evidence, enhancing the credibility and reliability of the study's outcomes. 

3. Results and Discussion 

The integration of Artificial Intelligence (AI) into the curriculum of general surgery residency programs represents a 
pivotal shift towards more sophisticated and effective training methodologies87-91.  

By combining AI with active teaching methodologies such as Problem-Based Learning (PBL) and Team-Based Learning 
(TBL), residency programs are poised to significantly enhance the educational landscape, preparing residents not only 
to meet but exceed the demands of modern surgical practices12-15. 

AI's role in these integrations primarily involves the utilization of virtual reality (VR) and augmented reality (AR) to 
create immersive, realistic training environments. These technologies enable 3D visualizations of the human body and 
surgical processes, providing residents with the opportunity to practice complex procedures in a risk-free setting23-25.  

The real-time feedback offered by AI-driven systems assesses residents' performance meticulously, facilitating 
immediate and personalized responses that are crucial for effective learning and improvement34-36. 

The synergy between AI and PBL is particularly transformative. PBL's approach to learning, which involves solving 
complex, real-world problems, is enhanced by AI's computational power20. AI algorithms can generate and simulate 
intricate patient scenarios that challenge residents' critical thinking, diagnostic skills, and decision-making processes17-

19.  

This not only improves their problem-solving capabilities but also prepares them for unpredictable clinical 
environments. Moreover, AI can analyze the outcomes of these problem-solving sessions to identify weaknesses and 
suggest targeted learning strategies22. 

Similarly, AI complements TBL where the focus is on teamwork and collaborative problem solving. AI systems can 
facilitate these sessions by dynamically adjusting the complexity of cases based on the team’s performance, ensuring 
that all members are adequately challenged29-31.  

Additionally, AI can serve as an analytical tool that assesses team interactions and provides feedback on communication, 
cooperation, and collective problem management. This is essential in the context of surgical training, where effective 
team collaboration can significantly influence clinical outcomes75-77. 

Residents trained under these integrated methodologies tend to demonstrate higher levels of precision and efficiency 
during surgeries. The use of AI not only shortens the learning curve associated with acquiring new surgical skills but 
also enhances residents' ability to perform under pressure84-86.  

The realistic simulations and problem-solving exercises ensure that residents are well-prepared for the high-stakes 
environment of the operating room10. 

The AI-enhanced PBL and TBL methodologies profoundly impact the residents' engagement and learning outcomes by 
promoting a deep, reflective learning process. This process is crucial in the complex field of surgery where theoretical 
knowledge must be adeptly applied in practical, often critical situations60-64.  
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The continuous interaction with simulated environments and problem scenarios enables residents to repeatedly 
practice their skills, fostering a level of skill acquisition that traditional methods would take much longer to achieve4-7. 

In addition to technical skills, AI-driven programs can instill essential soft skills in residents. These include decision-
making under pressure, leadership within a team context, and effective communication strategies. Such soft skills are 
often undervalued in traditional training paradigms but are critical for a successful surgical career48-52. 

Integrating Artificial Intelligence (AI) into surgical training programs necessitates meticulous attention to technical, 
financial, and infrastructural details to ensure efficacy and sustainability37-40. Essential hardware for AI implementation 
includes high-performance servers for quick and efficient large dataset processing which is crucial for machine learning 
applications and complex simulations63-66.  

Robust workstations equipped with high-grade GPUs and CPUs are required at user endpoints to operate sophisticated 
simulation software, alongside extensive, secure data storage systems to manage large databases of surgical procedures, 
patient data, and real-time surgical metrics67-69. 

Software requirements encompass the development and integration of bespoke AI algorithms that support complex 
decision-making in surgical training. Advanced virtual reality (VR) or augmented reality (AR) platforms are needed to 
simulate surgical environments and procedures with high fidelity70-73.  

Additionally, data analytics tools are crucial for analyzing training outcomes and optimizing learning paths based on 
performance data88. Connectivity enhancements such as high-speed internet connections are vital for supporting live 
data feeds, cloud computing resources, and remote collaborations between medical professionals and trainees. Systems 
should include APIs and SDKs to facilitate seamless integration with existing hospital information systems (HIS) and 
learning management systems (LMS)89-91. 

From a compliance and security standpoint, it is imperative to adhere to HIPAA, GDPR, or other relevant data protection 
regulations to secure patient and institutional data. Systems must receive regular updates and patches to safeguard 
against cybersecurity threats and ensure the reliability of AI applications51-54.  

The architecture must be scalable to accommodate growing data amounts and user numbers without performance 
losses, supported by continuous technical support for troubleshooting, updates, and system enhancements36-39. 

The long-term cost benefits of implementing AI in surgical education are significant. AI can streamline training 
processes, providing real-time feedback and personalized learning experiences that reduce the time required to train 
proficient surgeons. AI-driven resource management can optimize allocation, minimizing resource waste and 
operational costs18-21.  

Consistent training quality is assured through standardized AI simulations, ensuring all trainees receive uniform 
education quality and assessment. Predictive analytics improve the efficiency and effectiveness of surgical training by 
forecasting learning outcomes and customizing educational paths4-7. 

Financially, AI reduces reliance on physical cadavers and materials as VR and AR simulations can replace or supplement 
traditional resources, leading to considerable savings in material costs. Digital resources, once developed, endure 
without the physical wear and tear associated with traditional materials43-47.  

AI tools enhance pre-operative planning by providing simulations and predictive analytics, which help surgeons plan 
operations more effectively, potentially reducing complication rates and the need for costly corrective procedures33. 
Ongoing learning opportunities facilitated by AI help maintain high surgical standards and reduce the likelihood of 
errors44. 

Scalability and replicability are further financial advantages. Once AI systems are established, expanding to 
accommodate more trainees or to replicate the system in other institutions becomes feasible and cost-effective 
compared to traditional methods56-59.  

This strategic investment in AI technology promises not only to revolutionize the delivery and consumption of surgical 
education but also aligns with strategies aimed at optimizing costs while enhancing educational and clinical outcomes, 
paving the way for significant long-term savings and improvements in the quality of surgical care72-75. 
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Moreover, the data-driven nature of AI can bring a significant paradigm shift in how resident performance is evaluated. 
Unlike traditional assessments, which are often subjective, AI can provide objective, quantifiable data on a resident's 
performance22-26. This data can be used to tailor educational pathways for individual residents, enhancing their 
strengths and addressing their weaknesses more systematically40-43. 

Challenges such as data privacy concerns, the risk of dependency on technology, and the need for substantial investment 
in AI infrastructure are non-trivial. Still, they can be mitigated through thoughtful policies, continuous monitoring, and 
strategic planning30-33. Furthermore, the potential for AI to inadvertently introduce biases necessitates rigorous testing 
and validation of AI algorithms to ensure they are fair and equitable66-68. 

Integrating AI with PBL and TBL within general surgery residencies offers a scalable model that could potentially 
standardize high-quality surgical training across different geographic locations74-78. This model benefits residents by 
providing comprehensive, hands-on, and intellectually rigorous training and promises to improve patient care through 
more refined and practiced surgical techniques81-83. 

The ethical dimensions of AI integration into medical training also warrant careful consideration. The confidentiality of 
patient data used in training modules, the implications of algorithmic decisions, and the long-term impact of AI on 
residents' professional autonomy are critical issues that need to be addressed alongside technological 
advancements90,91. 

The design and implementation of AI systems must avoid inherent biases that could perpetuate unfair treatment. 
Regular audits and updates should be conducted to ensure decisions made by AI are equitable5-8. Concerns about AI 
dehumanizing the educational process must be addressed by maintaining a balanced approach where AI complements 
rather than replaces traditional teaching methodologies13-18. 

Regulatory bodies play a pivotal role in adapting to the integration of AI in surgical education. They must develop new 
certification criteria that reflect the evolving competencies required by modern surgical practices, including proficiency 
in using AI tools26-29.  

Continuous monitoring and evaluation frameworks are necessary to ensure AI tools in educational settings meet safety, 
effectiveness, and current medical and educational standards39-42. 

Collaborative efforts should be made to develop standards and frameworks that guide the use of AI in education. These 
should involve technological experts, educational institutions, and healthcare professionals to ensure comprehensive 
and practical regulations. Additionally, specific ethical standards designed for AI use in education will guide 
manufacturers and users in responsibly developing, deploying, and utilizing AI54-57. 

Educational institutions, technology developers, and healthcare organizations are crucial to enrich this training model 
further. These collaborations can facilitate the sharing of best practices, the development of standardized AI training 
modules, and the continuous improvement of simulation technologies88-91. 

4. Conclusion 

In conclusion, applying AI in conjunction with PBL and TBL methodologies in general surgery residency programs is a 
compelling approach that leverages technological advancements and educational theories. The resultant training 
environment is highly conducive to developing skilled, adaptive, and proficient general surgeons capable of navigating 
the complexities of contemporary healthcare landscapes. 

As we advance, all stakeholders in the medical education sector must work collaboratively to ensure that the integration 
of AI into surgical training is done ethically, thoughtfully, and effectively, with a constant focus on enhancing both the 
quality of medical training and patient care outcomes. The future of surgical training is here, and it is inherently digital, 
collaborative, and problem-oriented. This future promises not only to transform the capabilities of new surgeons but 
also to revolutionize the procedural standards of surgery itself. 
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