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A B S T R A C T 

The paper presents the technological components, hardware implementation 

and software solution of a minimally invasive surgery (MIS) training 

platform. The platform includes basic tasks for familiarizing students and 

surgeons with MIS. The operator training environment simulates the behavior 

of the operator's hands and surgical instruments, providing feedback and 3D-

visualization. Research on elements of various existing platforms was 

conducted and described in this paper. The platform uses a virtual 

environment with abstract tasks. This allows for reducing training costs, 

providing different levels of difficulty and focusing on the skills to be 

acquired. Thus, through the development of this training platform, the 

researchers aim to improve practice-based education in minimally invasive 

surgery. The results from this scientific work are suitable for surgical 

education e.g. the acquisition of basic skills by students in the transition from 

MIS to work with the robotic system for surgeons. In this regard, the 

assessment of students’ success with the platform is an important factor in the 

learning process that is, in general, evaluated using two approaches 

described in the paper. Future work will include the development of a 

methodology for conducting simulation activities with the system and 

evaluation criteria. 

© 2025 Published by Faculty of Engineering  

 

 

 

 

1. INTRODUCTION 
 

Effective teaching and learning include modern training 

tools such as laparoscopic simulators, and virtual 

simulators with appropriate software. New protocols 

(Ilchev & Otsetova-Dudin, 2022), modeling systems 

tools (Artamonov et al., 2023) and sensor networks, as 

well as systems for information collection and its 

subsequent processing in the fields of medicine and 

surgery, are being used progressively. MIS training and 

simulator-based curricula have proven effective in 

providing skills that transfer to the operating room and 

are an excellent cost-effective option for students and 

surgeons. 

 

A key challenge for modern surgical training concerns 

the design and use of new training applications that 

must meet the needs of today's digital world. Part of the 

training needs in MIS stems from it being different from 

open surgery (Borissova & Mustakerov, 2011). The 
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surgeon works through small incisions with long, thin 

instruments. Natural hand-eye coordination is lost due 

to the access point, the two-degree-of-freedom 

constraint, and the lack of direct line of sight. In 

addition, the sensitivity of the tissue interaction is 

impaired due to friction between the entry point and the 

long, thin instruments used.  

 

Some disadvantages of MIS can be overcome by the use 

of a robotic system that self-positions surgical 

instruments with additional degrees of freedom (DoF) 

and that is controlled remotely using a console 

Prototype System for Minimally Invasive Robotic 

Surgery. 

 

MIS training systems are used everywhere. Virtual 

Reality surgical simulators are presented in (Ivanova et 

al., 2021;   et al., 2019-2026). There is an international 

trend to include robotics and mechatronics, computers 

and various Internet applications in medical curricula, as 

well as in lifelong learning programs.  

 

Surgical training and simulation: Robotics combined 

with simulation are successfully used in the field of 

surgical training to provide a safe and realistic 

environment for surgeons to practice complex 

procedures. Robotic simulators offer haptic feedback 

and realistic surgical scenarios, allowing surgeons to 

hone their skills and improve their skills before 

performing actual surgeries.  

 

A widely used robotic MIS system (Fig. 1) is the da 

Vinci from Intuitive Surgical Inc., also involving the 

acquisition of skills to operate the console and robotic 

arms. However, training the surgeon in VR is not 

offered. The Robotic Surgery Simulator (RoSS) 

(Konietschke et al., 2010) or dV Trainer (Borissova & 

Mustakerov, 2011) can be one solution to this problem.  

 

These systems aim to approximate the touch and feel of 

the daVinci system, however, the surgical console does 

not include the same interfaces as the daVinci system. 

 

 

Figure 1. Robotic surgery  

(Mater Private Networkр, 2024) 

 

The use of training simulators based on the integration 

between haptic devices and VR is increasingly in 

demand in medicine. Both simulators are available for 

performing specific tasks such as palpation, and 

resection (Hamza-Lup et al., 2012; Team S.H.A.M.A.N, 

2011), as well as including a set of procedures. The 

proposed simulator solutions allow the learner to 

interact with the virtual environment through a standard 

keyboard and haptic devices simultaneously, and the 

graphic interface includes a set of 3D elements - 

buttons, text, and inscriptions. 

 

The development of VR, stereoscopic 3D cameras and 

augmented reality (AR) cameras are just some of the 

things that are of interest to surgery and education. The 

cameras used are two-dimensional with no depth 

perception. In contrast, the daVinci camera includes 3D 

visualization without the possibility of high resolution 

(Siddaiah-Subramanya et al., 2017). The good 

capabilities of this technology added to a laparoscope 

have significant advantages, such as capturing 

pathological information that may be missed by 2D 

techniques.  

 

Solutions for AR visualization in laparoscopic cameras 

are proposed (Siddaiah-Subramanya et al., 2017) where 

preoperative images are registered in stationary format 

and overlaid on available intraoperative camera images. 

The last decade has witnessed several advances in the 

development of 3D autostereoscopic 3D displays for 

visualization. They can be used to observe without the 

need for glasses or other headgear.  

 

This glasses-free technique provides visual experiences 

with quality approaching 3D depth to various imaging 

applications. Multi-view autostereoscopic 3D displays 

can offer natural 3D images using directional pixels 

with optical layers such as parallax barriers or lenses. 

However, multi-view 3D displays have limitations 

regarding image resolution as a result of 3D viewpoints 

and limited 3D viewing areas. On the other hand, the 

autostereoscopic 3D technique with eye tracking 

eliminated these limitations by focusing pixel resources, 

and by providing higher-resolution images (Dodgson, 

2005).  

 

Eye-tracking-based autostereoscopic 3D displays can be 

derived from flat-panel displays and provide motion 

parallax by tracking the user's eye positions through 

real-time pupil localization and tracking algorithms. The 

directional subpixel rendering method optimizes pixel 

resources and provides real-time rendering based on eye 

position (Dodgson et al., 1995). 

 

Some 3D autostereoscopic displays with eye-tracking-

based, such as game consoles, smartphones, tablets, and 

personal computer monitors, including medical imaging 

diagnostic displays. In contrast, medical imaging 

diagnostic techniques possessing 3D depth from 

stereoscopic 3D displays require further research and 
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development —There are studies that 3D medical 

display systems create (Kang et al., 2022). Fig. 2 shows 

an Autostereoscopic system for 3D medical applications 

with different sizes (Kang et al., 2022). 

 

 

Figure 2. An Autostereoscopic system for 3D medical 

applications has the following sizes: A) 31,5”, B) 18,4”, 

C) 10,1” (Kang et al., 2022). 

 

Modern displays are used in various research fields as 

they possess more than 6 colour views or more than 60 

monochrome views and commercial large screens. 

 

A challenge and at the same time hiding many 

advantages is the application of these new technologies 

in (MIS) (Dodgson, 2005; Travis, 1990). The observer 

can view objects in the whole picture by moving his 

head left and right as in reality, because the technique 

allows the eye to see different views when the head 

moves, providing motion parallax. These innovative 

information systems give the surgeon insight into a 

greater depth without the need to make larger incisions, 

so the operation is faster and safer. To get smooth the 

technique should have the 3D effect with more views to 

be transmitted.  

 

The solutions are therefore related to a six-view 

autostereoscopic laparoscope arranged laterally, which 

requires a technique with either six lenses arranged 

laterally at its end or six views multiplexed in some way 

into a single light channel.  

 

The Autostereoscopic Display in Laparoscopy There are 

several technological challenges associated with the 

construction of an autostereoscopic laparoscope. The 

image quality of a laparoscope must be similar to that of 

a conventional laparoscope to be acceptable as a 

surgical tool. In practice, it would not be difficult to 

make an autostereoscopic display with a sufficient 

resolution of 800,600 pixels is easily achievable using 

existing technology. The differences will be in the 

design of the lenses. They have small diameters and 

transmit less light than the larger diameter lenses used 

in conventional laparoscopy.  

 

This is not an insurmountable problem and can be 

solved with good lens design, high-brightness input 

light and sensitive CCD (Charge-Coupled Device) 

chips. An alternative solution has been proposed with 

the CCD placed near the distal end of the laparoscope, 

eliminating the need for lenses. The fast CCD can 

alternatively be placed at the proximal end of the 

imaging scope by a large-diameter rod lens, similar to 

the Zeiss 2D system. If more than six views are desired 

such solutions are suitable, as otherwise, more views 

would require either smaller lenses or a larger tube 

(Dodgson, 2005). 

 

Another challenge lies in the fact that the views of the 

six cameras may need to be aligned relative to each 

other for the surgeon to see a high-quality three-

dimensional image. While alignment can be done 

optically, it can prove difficult. A simpler solution is to 

align the images digitally in the video multiplexer. 

 

Virtual reality (VR) can simulate remote operations 

environments and allow a reduction of price because the 

technique is not used during training. Another 

advantage is that the different skills set in the program 

must be trained step by step, the boundaries of the real 

environment workspace can be ignored in the first stage 

of training to train only the basic skills (Cai et al., 

2023).  

 

VR simulators allow exploration of 3D models and 

animations. Developed mobile applications for 

smartphones and tablets to explore different surgical 

approaches. The learning system takes into account the 

specific human anatomy and the purpose of the 

operation and then positions the patient. Each virtual 

approach can also be divided into different phases. 

 

VR simulators offer the training of simple movements 

or complex surgical procedures in a real environment 

close to the real thing. They reproduce the MIS by 

measuring movement efficiency and node reliability, 

uptime and even remote performance evaluation. Such 

simulators are expensive and lack tactile feedback and 

realism (Wyn et al., 2028; Giannotti et al, 2014; Munz 

et al., 2007).  

 

As a result of the lack of realism, cadaver and animal 

models in VR simulators must be added to obtain 

optimal training.  

 

Despite these, the number of VR training simulators is 

growing. VR simulators such as LapSimTM (Surgical 

Science, Gothenburg, Sweden) (LapSim, 2022) for 

training basic laparoscopic surgery skills and 

LapMentorTM (Simbionix Corporation, Cleveland, OH, 

USA) (Lap Mentor, 2022) comprehensive laparoscopic 

sigmoidoscopy training have been widely used (Wynn 

et al., 2018) evaluated the effectiveness of this training 

in terms of the process completion time, the number of 

right and left tool movements, and the total path length 

of the right and left tool movements. 

 

A tool platform with various functions is proposed in 

the work. Additionally, force sensors sense at the tip of 

the instrument the force interactions between the 

instrument and the tissue and allow force feedback so 
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that the forces between the instrument and the tissue are 

measured and displayed on the operator's console. Also, 

surgical movements and feedback forces can be scaled 

and adjusted to the required range to increase accuracy 

and sensitivity.  

 

The report presents such a platform for skill training. A 

key advantage of the proposed training system is that it 

allows learning to be customized according to the needs 

of students and physicians in terms of content and 

method. using virtual reality simulation.  

 

The presented work aims not only to train surgeons in 

basic skills in the field of mini-invasive surgery but also 

in specific skills in working with more complex 

instruments (telerobotic systems). Standard protocol is 

used for training basic skills in MIS and laparoscopic 

surgery.  

 

The surgeon can practice skills under the constraints of 

the robot workspace and input devices and get used to 

the specifics of the environment. 

 

The work is organized into 5 sections. The next section 

provides an introduction to the system hardware. 

Section 3 follows, where the components of the training 

platform and the implemented training scenarios are 

presented. Described in Section 4 are the ways to assess 

acquired skills. Last is the future work and conclusion 

section. 

 

2. SYSTEM-HARDWARE 
 

The main component in the presented work is tools 

designed for various medical applications in MIS 

(Ivanova et al., 2021; Ivanova et al., 2019-2026). 

 

The surgeon can conveniently operate the system from 

an operator console. There are two modes of interaction: 

Haptic interfaces using haptic hand controllers and a 

tracking system with visual force overlay. 

 

There are currently two stereo display technologies in 

use: Polarized light displays, where the user must wear 

glasses (Fig. 3), and autostereoscopic displays, which do 

not require glasses (Dodgson, 2005; Dodgson et al., 

1995; Dongwoo et. al., 2022).  

 

The two technologies can be combined arbitrarily (Fan 

et al., 2020). 

 

 

Figure 3. Dedicated Display ReconJet™ Pro AR  

(Intel, 2016). 

 

A Specialized Display (Recon Jet™ Pro AR) with VR 

elements can be incorporated into the Platform Control 

Unit (Intel, 2016). These smart glasses with auxiliary 

displays include 7% visual space and patient 

information is visualized.  

 

The remaining space is used for normal monitoring. The 

auxiliary display data is sent over Wi-Fi from the 

program block, which is part of a purpose-built 

controller to control the platform's instruments.  

 

The surgeon can operate without monitoring the touch 

screen of the spatial platform. An advantage is the 

autonomous power supply. its exclusion or inclusion by 

the surgeon as necessary 

 

The display Recon Jet™ Pro AR, Wi-Fi is used for 

sending messages to it. 

 

In the "smart control" section a sequence of movements 

and measurements are performed, and the results are 

visualized on the touchscreen and or output over the 

Internet to a remote client. If communication is enabled 

with the Recon Jet™ Pro AR Dedicated Display, Wi-Fi 

is used to send messages to it. In the event of deviations 

in the movement parameters, a "motion control" profile 

is automatically loaded and its execution continues. 

 

A concept of the components included in the training 

platform for the exercises in MIS and telesurgical 

robotics is presented in Fig. 4. 

 

A user interface maps the movement of the surgeon's 

hand and the tip of the instrument into the patient's 

body. The surgeon controls the tip of the instruments 

like the way hands are controlled. Movements can be 

scaled to any point in space. In this way, the surgeon 

can benefit from a full workspace of the telerobotic arm, 

independent of the workspace of the input device.  

 

It is possible even if the haptic interface is broken to 

continue working with the tracked controls and vice 

versa. 
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Figure 4. Conceptual model of platform for training skills in MIS and telesurgical robotics 

 

 

3. DESIGN OF A MULTIFUNCTIONAL 

SKILLS TRAINING PLATFORM 

 
The experimental model of the platform is focused 

on the specific features and training needs of a newly 

developed MIS robotic system.  
 
The software is developed in the Tcl scripting 

language using the Tk graphics library (Tcl/Tk).  

 

The simulation is generated using the Unity Gaming 

Engine, which is used to develop graphical animations 

for conventional or VR/AR artificial representations. 

Unity 3D's modding capabilities include surface 

manipulation libraries such as the Mesh class.  

 

Namely, the following learning skills were identified: 

 

1) The operator connects to the remote platform with 

radio-controlled buttons when selecting from Mode 

(Control panel) as an alternative to a button on the 

instrument they connect.  

 

The work with the various tools is carried out by 

selecting in Start control machine, which has an 

alternative to buttons on the tools (Fig. 5). 

 

 

Figure 5. The control panel of A Multifunctional 

Training Platform for Robotic Surgery 

 

2) Operating console workspace limitations: The 

workspace of input devices is limited. When the 

operator's movements reach the limits in a desired 

direction, the tool shuts down, which is set 

automatically in the software. The movements must be 

repeated to achieve a smooth movement. Working space 

limitations: These limitations reduce the working space 

and the manipulability of instruments, a situation which 

the surgeon must be trained and able to handle. 

 

3) Stereo visualization of the scene: It teaches the 

operator to get an idea of the distance and positions of 

instruments and tissues in the displayed scene. 

 

4) Force feedback: The surgeon learns sensations with 

the system during interaction (eg, learning to substitute 

the sense of touch for the displayed interaction forces). 
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5) Scaling motions and forces: These are teleoperator-

controlled motions and forces measured by the 

instrument and visualized on the user interface. It is 

possible to be scaled (within the stability limits of the 

control cycle). According to the task performance stage, 

appropriate values should be selected for their scaling. 

The graphical user interface for training is identical to 

the surgeon's workstation for controlling the smart 

instruments. The implementation with haptic interfaces 

is chosen 

 

Fig. 4 shows the conceptual model of the minimally 

invasive surgery platform. The proposed system 

includes the following components:  

 

A) Graphical Use Interface (GUI) 

GUI integrates several special interfaces related to 

Monitoring training skills, which implements the 

scaling of forces and movements. Feedback control is 

related to tool simulation, which includes kinematics, 

hand-eye coordination, and kinematic constraints. The 

transformed position is referred to Simulation of 

surgical workspace and surgical skills. The forces and 

images are sent back to the surgeon's operating station. 

Various training tasks can be controlled by Monitoring 

training skills. 

 

B) Feedback control 

In this software module, control of position and force 

feedback in the tool-tissue interaction are carried out 

using controllers, force and position sensors. A system 

ensures almost identical behavior in the virtual training 

environment compared to the actual operation, thus 

facilitating the transfer of acquired skills to the real 

world. Features include targeting, virtual constraints, 

and motion tracking. 

 

C) Robot Simulation 

In this software module, instruments are simulated, 

taking into account your kinematic structure and 

external constraints such as trocar and MIS access point, 

it simulates the boundaries and dynamic behavior of the 

instruments with variable levels of reality. The angle 

constraints as well as the trocar constraint can be turned 

off for training purposes. The instrument's Be-direction 

control module is based on the mechatronic design used 

in it with the inclusion in the composition and 

bidirectional action of the force sensors, controller and 

position sensor. 

 

D) Simulation of surgical workspace and surgical 

skills 

The simulation block aims to provide visual information 

added on top of the work environment, enabling timely 

perception during the training of surgical staff. 

 

The training simulation system provides a realistic 

environment for the exercise executions. The focus of 

this simulation is on maintaining the fidelity of 

interaction skills.  

The platform interface provides feedback forces 

received from tools-object interactions. The 

environment simulation offers student training to cover 

the simulation parameters and their configuration, in 

addition to sending information for real-time evaluation 

of an exercise. A structured protocol is used. to realize 

all communication 

 

The development consists of building a library of virtual 

simulation objects, representing 3D organ models, on 

which parameters characterizing the physical properties 

of real organs are set - minimum/maximum elasticity, 

minimum / maximum density, etc. (Fig. 6).  The 

visualization of a certain simulation object is performed 

after reading the values for the corresponding quantities 

from the sensors of the laparoscopic instrument upon 

contact and checking for falling within the set 

boundaries of the objects. 

 

 

Figure 6.  Libraries of 3D organ models 

 

Where:  

 

A) A library of digestive models that set parameters 

characterized by the physical properties of actual 

organs;  

 

B) A library of stomach models that set parameters 

characterized by the physical properties of actual 

organs; 

 

C) A library of entrails model that set parameters 

characterized by the physical properties of actual 

organs; 

D) A library of liver and gallbladder models that set 

parameters characterizing the physical properties of 

actual organs. 

 

Fig. 7 shows 3D instrument-organ model reactions 

during simulation tasks. 
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Figure 7. 3D instrument-organ model reactions during simulation tasks 

 

E) Virtual environment  

A computerized 3D model of the human digestive 

system is applied; VR surgical training is possible for 

different tasks, from simple movements to difficult 

procedures. 

 

The virtual environment of the platform allows ´surgical 

interactions with 3D organ models and animations. 

Through developed mobile applications, it is possible to 

explore different surgical approaches. The virtual 

training includes 3D organ models and animations.  

 

A training system aimed at understanding human 

positioning according to the patient's anatomy and 

purpose. The training in 3D mode is divided into 

phases.  

 

The virtual environment replicates a complex MIS by 

measuring various procedure parameters, including 

movement efficiency and node reliability, operation 

time, and even remote performance evaluation. 

 

F) Monitoring of training skills 

The module for monitoring the training skills is 

interconnected with all other modules - it communicates 

with all of them to process the information from the 

performed exercises. This is the interface with which 

training skills are monitored, controlled, evaluated and 

moderated in the results of the current training tasks and 

difficulty level. 

 

Additional modules for monitoring blood pressure, heart 

rate and others can be added to the platform (Georgieva-

Tsaneva et al., 2024) 

 

The task of the surgeon. Instrument and surgeon 

movements. Forces. 

 

There are two fundamentally different ways of 

performing surgical tasks: 

 

 Instruments are moved manually by the surgical 

team; 

 The instruments are driven by a specialized, multi-

armed robot/s, and the control is remote (the operating 

surgeon observes the movements of the executive 

organs of the spine and indirectly with a keyboard or 

joystick makes the necessary correction). 

 

The surgeon can focus on different training skills and 

can cover the difficulty level of the training task 

The surgeon's task is homeostasis (stopping bleeding), 

grasping, cutting hollow abdominal organs (stomach, 

small and large intestines, bile, and others), and moving 

tissues in one direction or another.  

 

Movements when repairing the gallbladder from the 

liver bed are cutting-grabbing and/or twisting, 

stretching-simultaneous. Up and down, left and right 

movements are limited between 10 and 50 degrees. The 

back-and-forth movement cannot be more than 100 mm 

(Atanasova-Georgieva, 2020). Movements of the 

surgeon: 

 

 Free movement until it contacts the tissues. 

 Instrument orientation to the proper grip of the 

tissues and or for the instrument blades to the 

tissue. 

 Pushing and/or touching tissues. 

 When cutting, the plane of the blade is held against 

the tissues, with approximately constant contact 

and force. 

 Fast rotation and back translation to release or 

repair. 
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Some authors have investigated the interaction between 

the tip of the tool and the tissue in the three directions 

(Table 1). Each surgical step can be decomposed into a 

finite number of steps determined by the way the 

surgeon interacts with the tissues (Rosen et al, 2001). 

 

Some authors have performed in vivo tests with 

different types of needles and tissues where force and 

resolution are from 2.5 N to 0,01 N, respectively. Table 

2 includes Abdominal Probing Force Measurements 

(Atanasova-Georgieva, 2020). 

 

Table 1 Tool tip-tissue interactions in the three directions (Rosen et al., 2001). 

 
 

Table 2. Abdominal Probing Force Measurements 

 
 

In Table 3 information about Suture Task Force 

Measurements is included (Atanasova-Georgieva, 

2020). 

 

Table. 3. Suture Task Force Measurements 

 
 

The research shows the following results: soft tissue a 

force of 0.2 N is required, on average soft tissue is 

applied 0.5 N gripping force and hard tissue 0.9 N. The 

forces can be in different ranges because human tissues 

are different - it depends on the age, the health of the 

patient, whether he is male or female and other factors. 

In general, the maximum force varies between 1.5 and 3 

N. The force is from 6 to 12.5 N. Rarely, does the 

instrument lift the tissue, so the applied force is 

combined with the forces due to the properties of the 

tissues and those of gravity. Cutting and spreading 

forces are from 3 to 6 N  (Gupta et al., 1996; Picod et 

al., 2005). 

 

 

 

4. ASSESSMENT OF ACQUIRED SKILLS  
 

Assessment of student work is an important factor in the 

learning process (Ivanova M. et al., 2023). Of the 

studies conducted to assess the skills of medical 

students and nursing staff in the field of minimally 

invasive surgery, two assessment approaches have been 

reported: 1) the checklists for objective structured 

assessment of technical skills (OSATS) and 2) GOALS 

(Global Operative Assessment of Laparoscopic Skills) 

(Watanabe et al, 2017; Asif et al, 2021). 

 

As a means of automating the process of surgical skill 

assessment, numerous efforts have been made to 

develop automatic surgical skill assessments (ASSA), 

most of these methods require specific types of kinetic 

data, such as instrument movement, tracking of hand 

movement, eye movement tracking detailed in (Snaineh 

& Seales, 2015). Various approaches such as neural 

networks (Kitaguchi et al., 2021) and elements of 

artificial intelligence (Pedrett et al., 2023) have also 

been used. 

 

Methods using AR have been developed to overcome 

some disadvantages of working with laparoscopic 

instruments and basic evaluation methods have been 

identified. More information on the subject is given in 

(Zorzal et al., 2020). These approaches help to 

objectively assess surgical competencies before 

performing minimally invasive surgery (MIS) (Sheng et 

al., 2020). Surgeons are expected to easily and quickly 

master more complex techniques such as laparoscopy. 

Simulation is emerging as an additional training tool in 

laparoscopic surgery by training in a safe, controlled 

and standardised environment, without risk to the 

patient, and the acquired skills are transferred to the 

operating room (Percul et al., 2024).  
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The application of simulation is increasingly increasing 

worldwide and is becoming an important tool in various 

surgical training programs. In some countries, the 

approval of these training courses is a prerequisite for 

obtaining a surgeon's certificate (Ferrufino et al., 2015). 

The article reviews important aspects of the application 

of simulation in laparoscopic surgery, including the 

most used software simulators and training programs, 

training methodologies, and the various key ways to 

evaluate simulation training. Simulation allows for 

unlimited practice and repetition without endangering 

the patient. Both self-study and mentoring by a qualified 

surgeon in group training are practised. Task 

performance is assessed before and after training. Speed 

and the GOALS scale were used to assess each student's 

performance and to compare the groups (Percul et al., 

2024). 

 

The main goal of any simulation program is to transfer 

the acquired skills to a real scenario. Kirkpatrick 

(Kirkpatrick, 1996) defined 4 levels necessary to 

evaluate the effectiveness of the training program 

(reaction, learning, transfer and organizational value), 

establishing that at level 3 the important thing is to 

determine whether the acquired skills and knowledge 

lead to a better performance in real scenarios or not. In 

the case of surgical training, effectiveness can be 

defined as the degree to which simulation can prepare 

surgeons to perform surgery procedures on patients 

(Kirkpatrick, 1996). Recent studies have shown that 

knowledge gained from training simulation tools is 

transferable to the operating room (Kirkpatrick, 1996), 

most of it in basic laparoscopic procedures and some 

approaching advanced laparoscopy. However, evidence 

supporting the effectiveness of simulation-based 

surgical training compared to the traditional model is 

inconsistent. One of the main reasons for the high 

variability of the results is the lack of rigorous 

methodologies aimed at obtaining the reliability and 

validity of the assessment tools (Adrales et al., 2003). 

More information on the evaluation of virtual reality 

training in laparoscopy and minimally invasive surgery 

to improve the surgical skills of trainees can be found 

(Elessawy et al., 2021; Ackermann et al., 2024). 

 

The examination on the subject is intended to be a test 

with questions related to laparoscopic instruments and a 

practical part that reports the results of experiments 

performed by each student with simulated. A 

methodology for conducting simulation activities with 

the system and evaluation criteria is under development. 

 
5. CONCLUSION 
 

Using digital platforms for surgical training enhances 

traditional training by supporting existing teaching 

methods while being accessible anytime, anywhere. 

The developed Multifunctional Training Platform for 

Robotic Surgery and the applied virtual reality software 

are suitable not only for training surgeons but also for 

medical students. The platform includes training tasks 

for acquiring basic skills in MIS and transitioning from 

MIS to working with a robotic system. 

 

As future work, we expect this system to move to the 

next stage and be tested by surgeons and students. The 

obtained results will be able to be used to improve the 

training platform. Organ models from various systems 

in the human body such as the heart excretory system 

and respiratory, can be developed and added to the 

learning platform. 

 

Means are provided to protect the information and the 

conduct of the exam, taking into account the results of 

experiments performed by each student with the 

simulator.  

 

The results show that this platform is a good solution for 

surgical training. Educational tasks can also be 

developed to acquire useful skills in the field of 

minimally invasive surgery. 
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