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Abstract. In recent decades, laparoscopic surgery has emerged as a standard 
medical procedure worldwide, gradually replacing conventional open surgery 
due to its numerous advantages, including reduced recovery time, lower risk of 
complications, and improved patient outcomes. However, in several countries, the 
adoption of laparoscopic techniques remains limited, primarily due to the high 
costs associated with advanced surgical technologies and the need for specialized 
training programs. There is a pressing demand for cost-effective and accessible 
training methodologies to equip surgeons with the necessary skills. The STEMM 
environment provides a valuable opportunity for training outside the operating 
room in a safe environment under experienced guidance without risk to patients. 

The integration of STEMM principles in laparoscopic surgery has its strength in 
subject integration, learning in context and teaching-research activity, emphasizing 
the connection of learning knowledge with realities, interactivity, combining 
learning with game elements, reflexivity, working in a modern technological 
environment, and the unity of knowledge-skills-assessment. The implementation 
of new technologies, such as various forms of surgical simulations, in surgical 
training, aims to improve the learning experience, learning outcomes, patient 
safety, and the quality of healthcare. Here, modern surgical training methods 
such as simulation, VR and AR technologies robotic-assisted surgery, and haptics 
interface are presented, as well as their importance for acquiring good surgical 
skills. 

This study aims to address this gap by proposing an innovative approach 
to laparoscopic training, integrating the principles of Science, Technology, 
Engineering, Mathematics, and Medicine (STEMM). By incorporating modern 
technologies into surgical education in an accessible and structured manner, 
this approach seeks to enhance the training of medical students and early-career 
surgeons. 
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1. Introduction
STEMM education represents an integrative pedagogical framework aimed at 

developing competencies in science, technology, engineering, mathematics, and 
medicine. 

The field of science encompasses systematic observation, comparative analysis, 
experimental investigations, hypothesis formulation, causal reasoning, and the 
interpretation and presentation of empirical results. Technology, as a component 
of STEMM, focuses on problem identification, exploration of potential solutions, 
and the application of various tools, including both software-based and engineering 
solutions, to facilitate innovation and the development of utility models.

Engineering is centered on problem-solving methodologies through the 
selection and utilization of appropriate materials, enabling the design, planning, 
and construction of functional models and devices.

Mathematics plays a fundamental role in STEMM by fostering skills in 
measurement, pattern recognition, quantitative analysis, and geometric exploration, 
all of which are essential for scientific and engineering applications (Azizyan, 
2025).

One of the advantages of STEMM training is the opportunity to learn outside 
the operating room in a controlled, risk-free environment under expert supervision. 
This is particularly important in medical education, where the adoption of innovative 
technologies improves patient safety and the quality of healthcare. The integration of 
simulation-based training methods is now considered a core component of modern 
surgical training, offering trainees the opportunity to develop procedural skills. 
Numerous criteria and methodologies have been proposed to improve innovative 
educational approaches in STEM (Trichkova-Kashamova et al., 2024), many of 
which are equally applicable to STEMM disciplines. In this context, emerging 
frameworks for integrated intelligent educational environments provide valuable 
opportunities for advancing STEMM education (Terzieva et al., 2024).

Technology is increasingly pervasive in all aspects of education and professional 
training. Digital innovations facilitate the modeling of new learning approaches 
and encourage dynamic interactions between learners, educators, and industry 
professionals. The diverse range of technological applications in STEMM 
education includes online interactive learning platforms, simulation-based learning, 
augmented and virtual reality (AR/VR), training, and more. These improvements 
contribute to the effective preparation of future specialists and doctors

Robotics, Mechatronics, artificial intelligence, and virtual and Additional 
intelligence are all STEAM-based opportunities.

This section aims to explore the application of advanced technologies such 
as augmented reality (AR), virtual reality (VR), haptic interfaces, robotics, 
mechatronics, and contemporary healthcare innovations as effective tools for 
education and professional skill development. 
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The systematically classified fundamental approaches to laparoscopic skills 
training are preseted, providing a structured framework for the development of 
proficiency in minimally invasive surgical techniques. These foundational methods 
serve as the basis for structured training programs, to which additional essential 
techniques and innovative methodologies can be integrated (Fig. 1).

Figure 1. Laparoscopic Skills Training

1.1. The STEMM principles
STEMM education is fundamentally grounded in research, discovery, and 

experiential learning. The emphasis is on practical engagement, ensuring that 
acquired knowledge and skills can be directly applied to real-world scenarios. This 
hands-on approach facilitates a more intuitive, accelerated, and effective learning 
process, often incorporating game-based learning and experimental activities that 
stimulate curiosity and problem-solving abilities.

From a disciplinary perspective, STEMM encompasses a diverse range of 
scientific and technological fields, each contributing to the study of natural 
phenomena and the development of innovative solutions to real-world challenges. 
This multidisciplinary integration fosters the accumulation of competencies that 
enable learners to apply their theoretical understanding to practical problem-
solving. The pedagogical framework of STEMM education follows a "learning-
by-doing" methodology, where instruction is structured to move from practice to 
theory, reinforcing applied learning.

The integration of STEMM principles into education is facilitated through a 
variety of interactive and engaging formats, including educational projects, hands-
on experiments, specialized training programs, and more.

For example, training sessions emphasize hands-on practice, offering a wide 
range of topics and diverse implementation strategies tailored to real-world 
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applications. Meanwhile, lectures within STEMM education retain elements of 
traditional teaching methods but are structured to be interactive and participatory. 
This blended approach combines theoretical and practical components, requiring 
active engagement of learners. Through such dynamic learning models, students 
are given opportunities to explore new knowledge, hone technical skills, and 
develop competencies that are essential for solving contemporary scientific 
and technological challenges. The workshop is a place where hands-on work, 
modeling and construction are done. STEMM – the lesson is a form of learning, 
but in a specific and characteristic way for STEMM, respecting the requirement 
for integration of the four sciences: technology, science, engineering, mathematics 
and medicine,

Another STEMM form is the center – which unites different premises according 
to the learning modes, and here the emphasis is on the arrangement of the 
environment, which was discussed earlier in this article. 

Specialists in the center apply teaching methods that encourage creative 
and critical thinking in students. Activities related to visiting and touching real 
professionals from different fields and contact with their workplaces, tools and 
accessories, the buildings in which they work for the benefit of society – doctor, 
dentist, etc., would create a desire for career guidance (Borisova, 2023).

The integration of science, technology, engineering, mathematics and medicine 
(STEMM) principles for the development of good Laparoscopic skills training is 
a key element. The main goal of the work is to apply a modern approach through 
STEMM education integrating modern technologies in a convenient way for 
students and young doctors, which will ensure the preparation of a new generation of 
surgeons and stimulate progress in medicine for better care of people. Here we will 
try to present the application of AR, VR, haptic interface, robotics, mechatronics, 
and current health technologies, as a convenient means for this training. For this 
reason, the following is done: STEMM Education in Laparoscopy is presented. 
In Methods and tools for training, the possibilities of modern training tools are 
considered. Then Challenges and possibilities, trends and future directions of 
STEMM education in Laparoscopy are presented.

2. Enhancing Laparoscopic Training Through STEMM Integration
The learning curve in laparoscopy is step-like, as several stages of training 

are overcome, such as the transition from two-dimensional to three-dimensional 
observation of the working space, etc. This includes lecture courses and laboratory 
exercises with the use of computerized simulators, tissues with properties close 
to human ones, which ensures good efficiency for training skills. The use of 
simulators, as well as training in virtual and augmented reality, are important for 
the adequate acquisition of these skills. The FLS (Fundamental of Laparoscopic 
Surgery) program is a validated educational tool that includes web-based materials 
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and physical simulators for teaching and assessing basic laparoscopic skills. This 
program ensures that trainees meet high educational standards through rigorous 
validation processes (Vassiliou et al., 2010; Fried, 2008). The goal is to provide 
practicing physicians an opportunity to learn the fundamentals of laparoscopic 
surgery in a consistent, scientifically accepted format; and to test cognitive, surgical 
decision-making, and technical skills, all with the goal of improving the quality of 
patient care (American Board of Obstetrics & Gynecology, 2025).

Developing a structured laparoscopic training program is essential for ensuring 
systematic skill acquisition and competency development in minimally invasive 
surgery (MIS). A well-designed curriculum must define clear learning objectives, 
progressive milestones, and assessment criteria to evaluate proficiency at different 
stages of training. The following framework provides a structured approach to 
laparoscopic education, ensuring that trainees master foundational skills before 
advancing to more complex surgical procedures.

Participants in the training are assessed on basic laparoscopic tasks using a 
global rating scale and a checklist for specific tasks. The assessment can be in the 
form of Questionnaires, Cronbach Alpha Coefficients, etc. Participants are then 
trained under the supervision of an instructor and then assessed using the same 
global rating scale and checklist for specific tasks. Participants perform a basic 
procedure on a live animal (pig) on the second day of training and are assessed 
again (Sihombing et al., 2017). The application of Expert systems in diagnosis and 
assessment – Multiple-Choice system, Delphi Study etc. 

Knowledge acquisition is important in building knowledge-based systems. It 
is necessary to extract and integrate knowledge from multiple experts to build an 
effective expert system. Multiple expert systems may have different expertise and 
knowledge in the same application domain. The expert systems can be effective in 
dealing with medical diagnostic problems. The Delphi-based approach plays an 
important role in extracting knowledge from multiple experts. An application for 
the diagnosis of severe acute respiratory syndrome illustrates the superiority of this 
approach (Chu & Hwang, 2008). The Delphi Study has been successfully applied 
to assess surgical skills in suturing, reflecting expert-level performance (Mathis et 
al., 2020). Multiple-Choice system is a form of an objective assessment in which 
respondents are asked to select only the correct answer from the choices offered 
as a list. The multiple-choice format is most frequently used in educational testing 
(Park, 2010; Tan & Mcaleer, 2008).

Ethical and Practical Considerations
As laparoscopic training methods are refined, ethical and practical considerations 

must be taken into account. Ensuring equitable access to high-quality training 
resources and simulators across institutions is vital. Furthermore, the costs 
associated with advanced simulation technology pose a significant challenge, 
especially in resource-limited settings. 
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3. Training Methods and Tools
Simulation has emerged as a major tool for laparoscopic training. High-fidelity 

simulators provide a risk-free environment in which surgical skills are practiced 
and honed. To reduce training time, a wide variety of simulators are used, from 
basic simulators that reproduce the laparoscopic environment to advanced virtual 
reality (VR) simulators. Fig. 2 shows a schematic diagram of the main classification 
of surgical simulators (Häberle et al., 2023).

Figure 2. Classification of surgical simulators (Häberle et al., 2023)

The latter have proven to be an advanced and effective training method that 
significantly improves the surgeon's skills in the operating room. The use of VR 
in training not only helps in the acquisition of skills, but also in the objective 
assessment of the competence of the trainees. Simulators allow for the achievement 
of the maximum level of realism and emulation of complex procedures. 

Also, simulation is a suitable method for training surgeons in the acquisition of 
complex movements and operations, as it reduces the duration of training. With the 
help of simulation, the force of interaction between the instrument and the tissue is 
optimized.

Both computerized simulators and tissue and cadaver simulators are used for 
the effective acquisition of surgical skills. This is a preferred approach for training 
surgeons and in recent years there has been pressure to include it as a mandatory 
subject in surgical training programs.

3.1. Training boxes
They are a fairly common surgical training simulator. Their advantage is the reduction 

of training time. This is a preferred training method in countries with low budgets and 
less than ideal training conditions. Before training with training boxes, lectures are 
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given consisting of basic instruments and techniques. Then, a demonstration is made by 
the instructor for tasks. This is followed by an exercise in which participants perform 
several tasks. This is followed by a demonstration of skills on a pig.

Many users cannot effectively use training boxes due to the requirement for an 
additional monitor, connecting cable and power source. These disadvantages are 
overcome with a new generation of training boxes, where visualization is performed 
directly via a personal smartphone/tablet (Uruç et al., 2018). 

Incorporating 3D visualization into 2D laparoscopic training in training boxes 
can accelerate skill acquisition, reducing training time.

3.2. Advanced methods-VR and AR technologies, robotic-assisted surgery, 
Haptic interface

VR simulators are being applied in medical practice with increasing positive 
results. Some have already proven the benefits of using VR simulators in 
laparoscopic surgery (Queirós et al., 2012; Larsen et al., 2009; Gurusamy et al., 
2009), contributing to the improvement of surgical skills. So far, some simulators 
such as Lap Mentor, ProMIS, LapSim, SimSurgery, LAGB or LTS3e. provide VR, 
allow training of skills, knowledge and judgment for laparoscopic surgery (Ayodeji 
et al., 2007; Buzink et al., 2010). They are a powerful tool in the training and 
assessment of promising- Virtual reality training is more successful with individual 
training and a developed schedule for mastering certain skills. The limitations 
of loss of tactility when working with tools and the fulcrum effect impose the 
requirement for an opposing motion.

Virtual reality-based simulators can use an application that allows for interactive 
exploration of 3D anatomical models and animations. Virtual reality is applicable 
through developed mobile applications to explore various surgical approaches 
using a smartphone or tablet. Each virtual study uses 3D anatomical models and 
animations. A training system aimed at mastering the method of positioning the 
patient according to a specific anatomy and a specific goal is interesting. The study 
of each approach in 3D mode can also be divided into phases. VR simulators 
allow trainees to practice individual movements or entire procedures in a near-real 
environment. Modern VR simulators can reproduce complex minimally invasive 
surgery by measuring various parameters of the procedure, including movement 
efficiency and node reliability, time to perform the operation, even remote 
assessment of effectiveness. 

The cost of the simulators is quite high and they do not have tactile feedback 
and lack realism. Some authors show a virtual simulator for suturing pre-wound 
soft tissues without showing the knotting, which is a key point in suturing (Lian & 
Chen, 2006).

3.3. Augmented Reality
Advanced medical technology is related to obtaining real-time information and 

data and their visualization, as their use makes diagnosis and treatment faster and 
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more reliable, and training more effective. Augmented reality surgical systems and 
devices allow doctors to visualize data from diagnostic and surgical procedures 
and improve work efficiency. The basic principle of augmented reality is the 
superimposition of computer-generated (CG) images on real images captured by a 
camera and then displayed on a computer, tablet or video projector. 

Model libraries can serve different platforms and allow high-resolution, high-
resolution 3D visualizations, which in turn allows the implementation of augmented 
reality applications, including for training. The main advantage is that the surgeon 
is not limited to looking away from the surgical site, unlike conventional imaging 
techniques. The Augmented Reality technique allows visualization of blood vessels, 
nerves and vital tissues. It is also possible to control the opacity of the images being 
viewed. Surgical simulation, combined with virtual, mixed and augmented reality, 
has become increasingly popular. AR is a technology in which digital information 
does not interact with the real environment, but is superimposed on the user's view 
of the external environment as graphics, audio or video information.

The communication task of transmitting the video signal from the operating 
field to one or more participants in the training, as well as the control signals 
to the actuators of robotic laparoscopic components, can be solved by many of 
the currently available wireless communication standards and their technological 
implementations – Wi-Fi 6 and 6E (IEEE Standard For Information Technology, 2021;  
IEEE Standard For Information Technology, 2022), Wi-Fi 7 (IEEE Standard For 
Information Technology, 2024). Table 1. presents some of the possible scenarios 
for the application of these technologies in the training processes for laparoscopic 
surgery.

Table 1. Possible Scenarios of Technologies in the Training  
for Laparoscopic Surgery

Communication 
bandwidth 

requirements, 
Mbps per user

Network 
end to end 
latency, ms

Network 
jitter, ms

Packet 
delivery 

reliability, 
%

Recorded operation simulation
20 < 50ms < 5 ms 99.99%VR 360 live broadcasting 

AR visualization
Interactive operation simulation

100 < 15 ms < 5 ms 99.99%
Panoramic live broadcast
Cloud-assisted 4K+ simulation

400 < 10 ms < 5ms 99.99%
VR remote motion control for surgery
AI-assisted smart helmet/glasses

30 < 20 ms < 1 ms 99.999%
Real-time command for remote surgery
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Table 2. presents a comparative analysis of the applicability of current Wi-Fi 6,  
Wi-Fi 6E and Wi-Fi 7 wireless technologies in the context of applicability in 
laparoscopic surgery, with an emphasis on remote AR/VR assisted observation of 
processes by many participants and remote control of manipulators by an instructor.

Table 2. Comparative Analysis OF THE Applicability  
of WI-FI 6, WI-FI 6E and WI-FI 7

Criteria
Wi-Fi 6 Wi-Fi 6E Wi-Fi 7

(IEEE 802.11ax) (IEEE 802.11ax + 6GHz 
ISM band) (IEEE 802.11be)

Price Low Moderate High

Bandwidth per user
~ 1-2 Gbps 

(theoretical 9.6 
Gbps aggregate)

~ 2-4 Gbps (additional 
6GHz spectrum reduces 

congestion)

~ 5-10 Gbps (320 MHz 
channels, Multi-Link 

Operation)

End-to-End Latency 10-20 ms 10-20 ms
< 5ms

(MLO, lower PHY 
latency)

Jitter
Moderate Low Very Low

(high in crowded 
2.4/5GHz bands) (clean 6GHz spectrum) (MLO minimizes 

variability)

Reliability Moderate (prone to 
interference)

High (dedicated 6GHz 
channels)

Very High (MLO, 
preamble puncturing, 

4096-QAM)

Table 3 presents the summarized capabilities of the three wireless standards for 
application in AR/VR technologies for laparoscopic surgery and training. 

Table 3. Summary Capabilities of WI-FI 6, WI-FI 6E and WI-FI 7
Role Wi-Fi 6 Wi-Fi 6E Wi-Fi 7

Remote Viewing
Risk of congestion in 
dense 5 GHz environ-
ments; suitable only for 
smaller teams or lower-
resolution streams.

Best balance for high-reso-
lution streaming (6 GHz re-
duces congestion, ensuring 
stable bandwidth for multiple 
users).

Ideal for ultra-high-defini-
tion feeds (e.g., 8K/360° 
video) with its massive 
bandwidth and MLO re-
dundancy.

(Multiple 
Participants)

Remote Robotic 
Control

Not recommended due 
to higher latency/jitter in 
crowded networks (risk of 
delayed robotic response).

Viable alternative with dedi-
cated 6 GHz channels but 
lacks MLO’s redundancy.

Critical for sub-5 ms la-
tency and ultra-reliable 
connections (MLO ensures 
failover if one band drops).(Single teacher)

Applicability and 
recommendations

Legacy Systems: Wi-Fi 6 
can suffice for non-critical 
remote viewing if network 
load is managed tightly.

Budget-Conscious: Use Wi-
Fi 6E for its 6 GHz spectrum 
(avoids 5 GHz congestion) at 
a moderate cost.

High-Risk Robotic Con-
trol: Invest in Wi-Fi 7 for 
mission-critical reliability 
and latency.
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The high accuracy of the simulator allows visualization of various tissues, 
tumors, arteries, and veins A designed model with set parameters characterized is 
shown in Fig 3.

Figure 3. A designed models with set parameters characterized by the physical 
properties of actual organs and various tissues, tumors, arteries, and veins

The skin, blood vessels, organs and ribs are rendered to enhance realism 
and can be set to be transparent or hidden. The virtual organs in the thoracic 
and abdominal cavities are simulated and are presented in accordance with the 
patient's CT scan data. Surgical trainees can zoom in and observe the simulated 
patient's organs from different angles in this way. One of the biggest difficulties 
in laparoscopic surgery is the lack of sensitivity. When performing surgery, the 
observation is performed on a flat 2D screen, it is difficult to judge the depth of 
penetration, etc.

Therefore, we use a specially developed laparoscopic tool for a robot for this 
training module, which can be applied to train depth perception and a method with 
macro and micro segmentation (Ivanova et al., 2020) to obtain the range of the 
force.

3.4. Telestration and Augmented Reality
Creating augmented reality (AR) telestration models to support intraoperative 

expert guidance and training in MIS is one of the latest trends in the field of surgical 
education. AR telestration models have shown positive results in acquiring basic 
laparoscopic skills. In addition, AR telestration models can provide effective MIS 
training and real-time intraoperative guidance during MIS procedures also remotely.
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3.5. Robotic-Assisted Surgery (RAS)
Robotic-Assisted Surgery has some advantages over laparoscopic surgery, 

as it restores some of the visualization through 3D stereoscopic observation, 
facilitates instrument manipulation, and provides a stable platform and 
advantages for precise dissection, accurate trajectory tracking, and manipulation. 
Some RAS systems have eye tracking and tremor filtering features, which allow 
the surgeon to be more precise. RAS includes a surgical digitization platform, 
allowing for the extraction of surgical data as well as the input of various types 
of information to support the surgical performance. RAS potentially reduces the 
workload and shortens the surgical learning curve compared to conventional 
laparoscopy. RAS is currently widely used in various surgical disciplines, such 
as urology, gynecology, general and cardiothoracic surgery. Most RAS training 
focuses on developing the technical and cognitive skills required to operate the 
surgical console, and some also provide full procedural simulations. Some of the 
most widely used RASS simulators are SEP-Robot, RoSS, RobotiX Mentor dV-
Trainer and da Vinci Skills Simulator.

VR simulators integrated with haptic interfaces incorporating tactile and force 
feedback to simulate surgical scenarios have shown good results in training (Panait 
et al., 2009). As a disadvantage, such interfaces are expensive, making them 
unsuitable for small and medium-sized hospitals or private use.

3.6. Haptic interface
In recent decades, computer-aided technologies with integrated haptic devices 

have been used to train surgeons. The application of simulators incorporating force 
feedback in a simulated surgical environment would allow for superior performance 
of the trainee compared to repeating the same basic skill tasks in a non-haptic 
environment. For difficult tasks, training with laparoscopic simulators equipped 
with haptics allows for superior precision, leading to faster task completion and a 
tendency towards fewer technical errors.

The potential benefits of virtual surgery are extensive: cost reduction, objective 
assessment of surgical skills, reduced risk to patients as the surgeon progresses. 

Simulators should provide features that truly train and improve surgeon skills, 
such as physician assessment and surgeon skill improvement assessment.

It is worth considering the evaluation of the system for effectiveness, accuracy, 
or robustness, as well as the evaluation methodologies. Important in this type 
of training are the basic functions of a laparoscopic surgery simulation system, 
including organ modeling, visual imaging, and haptic imaging in a multifaceted 
application. Several specific task-procedures, such as deep learning and cutting, are 
designed to train physician skills and are also of interest in this training.

Telementoring and telestration. Telementoring, facilitated by advances in 
telecommunications, allows experienced surgeons to guide trainees remotely 
during laparoscopic procedures. Telestration, which involves the superimposition 
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of digital markers on the video stream, enhances this interactive learning 
experience. 

This method not only expands access to expert guidance, but also facilitates a 
collaborative learning environment.

3.7. Integration of Artificial Intelligence
Artificial intelligence (AI) in laparoscopic training is a relatively new and modern 

trend. AI algorithms can analyze surgical videos, providing feedback on technique, 
efficiency, and error rates. This technology promises personalized training modules 
and predictive analytics to identify areas for improvement, tailoring training to 
individual needs (World Laparoscopy Hospital, 2023).

4. Challenges and Possibilities, Trends and Future Directions of STEMM 
Education in Laparoscopy

Limited observation in certain regions of the surgical field is hampered by 
factors such as lack of training, expert trainers, and equipment, highlighting the 
challenges in implementing laparoscopic training programs in certain settings 
(Sánchez-Margallo et al., 2014).

A study in surgical departments in Switzerland shows that the existing curriculum 
does not meet the requirements of a modern curriculum, which in turn necessitates 
the creation of an improved, adequate curriculum for training a new generation of 
surgeons (Klempous et al., 2015). Simulator-based training in laparoscopy involves 
transferring acquired knowledge and skills from the training room to the operating 
room, aiming to extract the best, to prepare structured target training courses and to 
reach a predetermined level of competence.

As a future direction, the development and implementation of pan-European 
standards for training in laparoscopic surgery can be considered, as a result of 
which the quality of the offered clinical services and education will be increased

Introduction of a method for measuring competence with laparoscopic 
techniques, which indicates a shift towards more standardized training and 
assessment in laparoscopy.

The future of training in laparoscopic surgery should be guided by continuous 
innovation. Augmented Reality (AR), providing real-time overlays of anatomical 
structures and critical information during surgery. Integration of haptic feedback 
in simulators offering tactile sensations ensures a good training experience. 
Furthermore, the introduction of joint international training programs through 
virtual platforms can further develop the possibilities of surgical education.

5. Conclusions
This article presents a comprehensive vision for enhancing laparoscopic 

surgery training by incorporating modern training methodologies and STEMM 
(Science, Technology, Engineering, Mathematics, and Medicine) principles into 
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laparoscopic skill acquisition. The integration of simulation-based learning, 
structured curricula, tele-tutoring, and advanced technologies such as Artificial 
Intelligence (AI) and Augmented Reality (AR) represents a transformative 
approach to surgical education.

As surgical techniques and technologies continue to evolve, it is imperative that 
surgical training methodologies undergo concurrent advancements to uphold the 
highest standards of patient care and surgical proficiency. 

By leveraging interdisciplinary STEMM-driven approaches, laparoscopic 
education can be optimized to provide surgeons with enhanced technical skills, 
improved decision-making abilities, and real-time adaptive learning experiences.
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