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Introduction 
This research agreement has resulted in the creation of multiple educational products or 
prototypes in the field of robotic surgery. Prototypes have been carried to product completion 
through additional investment by Adventist Health System/Sunbelt, Inc. dba Florida Hospital 
and are available either freely or for purchase on the internet. The experiments have also 
demonstrated the effectiveness of multiple simulator devices in the field of robotic surgery and 
measuring the skills of multiple populations with these devices. Finally, we have demonstrated 
that remote telesurgery between hospital systems in the USA which are equipped with modern IT 
infrastructures are currently capable of supporting safe telesurgery using surgical robots.  
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Overview 

This cooperative agreement spanned a period of six years in two distinct phases: 
Phase 1: Original Award, September 2011 – August 2014.  
Phase 2: Awarded Extension, September 2014 – February 2017 

Each phase carried a different, but related SOW, both of which are included in this report for 
reference. Within each phase there were multiple tasks and experiments. Each of these is 
summarized in this report.  

This project was broken into three focus areas: robotic curriculum, simulation, and telesurgery. 
In each we explored various applications and extensions of the existing robotic surgical systems. 
Under robotic curriculum, we developed and validated a standardized curriculum for teaching 
robotic surgical techniques to surgeons. This curriculum and the supporting products we 
prototyped, came from the minds of 80 of the leading robotic surgeons in the world. Under 
simulation, we conducted multiple experiments into the capabilities and designs for simulators of 
robotic surgical devices. The results of each of these experiments has been published in a journal 
or presented at a conference. Under telesurgery, we measured the latency levels which could be 
tolerated by human surgeons using robotic systems in a remote telesurgery environment. We also 
measured the latency of robotic data through established hospital networks to determine whether 
current network performance could deliver data with latency below interference levels for human 
surgeons.  
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Statements of Work 

Phase 1: Original Award SOW 

There are three primary areas of this research: Telesurgery, Simulation, and Robotic Curriculum. 
(1) The telesurgery project will identify the characteristics of latency during telesurgery and 
investigate the application of principles of automatic surgery. (2) Under simulation, we will 
validate a simulator that can be used by military surgeons to maintain their robotic skills while 
deployed. We will then use this device to explore the feasibility of surgical rehearsal as a 
potential solution to the latency issue in telesurgery. (3) We will organize robotic surgery experts 
to develop a nationally accepted curriculum in the Fundamentals of Robotic Surgery (FRS).   

Period 1 

Telesurgery: Communications Latency Experiments. Identify communication latency, measure 
safe latency levels for each robotic movement, modify surgical procedures to be effective in this 
environment.  

Milestone: Telesurgery latency experiment report. Award + 270 days 

Simulation: Military-use Validation. Validate a robotic simulator for maintaining the robotic 
surgery skills of deployed military surgeons.  

Milestone: Robotic simulator validation report. Award + 210 days 

Robotic Curriculum: Consensus Conferences. Organize and host conferences of approximately 
40 leading robotic surgeons from around the United States to include military surgeons. Identify 
the fundamental knowledge and skills that should be a foundation for every robotic surgeon.  

Milestone: FRS consensus conference reports. Award + 180 days and 365 days 

Period 2 

Telesurgery: Automatic Surgery. Apply movements recorded in a robotic simulator to actual 
execution with the da Vinci robot on solid models. Explore ability to automatically execute 
surgery from a simulator recording.  

Milestone: Automatic surgery experiment results. Award + 730 days 

Simulation: Surgical Rehearsal. Experiment with the effectiveness of simulated surgical 
rehearsal on improving the outcomes of robotic surgery.  

Milestone: Surgical rehearsal experiment results. Award + 540 days 

FRS Curriculum Validation and Transition. Develop specific training tasks and passing criteria 
for the FRS curriculum. Process the curriculum through the certifying bodies.  
Milestone: Telesurgery medical procedure results. Award + 730 days 
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Phase 2: Awarded Extension SOW 
Telesurgery: Metropolitan Latency. Perform robotic surgical experiments between multiple 
campuses within a metropolitan area, between campuses across a state area, and across 
nationwide campuses.  

Period 1 Milestone: Telesurgery state-wide latency data and report. Award + 360 days. 
Period 2 Milestone: Telesurgery nationwide latency data and report. Award + 700 days. 

Surgical Rehearsal. Develop virtual reality environment for training operating room staff in 
robotic surgery. Develop design for simulators in hard-tissue robotic surgery (spinal and 
orthopedic).  

Period 1 Milestone: Spinal simulator design document. Award + 300 days. 
Period 2 Milestone: OR team training virtual world environment. Award + 360 days.  
Period 2 Milestone: Orthopedic surgery rehearsal validation report. Award + 720 days. 

Evaluating Simulator Metrics. Compare the metrics assigned by expert surgeons to those 
assigned by the simulator software.  

Milestone 1: Simulator Metric Evaluation Document. February 28, 2107. 
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Project Management 
 
Progress Summary.  
 
All of the research studies and device prototypes called for in the SOW have been completed and 
delivered to the government. Some projects resulted in prototypes which have been matured into 
commercial products through additional investment by Florida Hospital, or they are digital 
online products which have been released free of charge on the internet and maintenance 
expenses are being paid by Florida Hospital to continue to make them available to the public.  
 
No negative or adverse event occurred during the course of the work.  
 
Schedule.  
 
During the terms of both the original and the extension, we requested a no-cost extension of the 
period to complete the scientific work. In both cases, we needed additional time due to either (a) 
longer than expected staffing times at the beginning, or (b) need to coordinate with other 
organizations’ schedules. In both cases, this meant we spent money slower than planned. So we 
did not need additional funds, simply additional time in which to use the funds already awarded. 
The government kindly granted both requests for NCE.  
 
The abbreviated table below shows the completion times for each of the projects performed 
under the study.   
 
Category Project Completion 
Robotic Curriculum  
  Online Curriculum Mar 2014 
 Psychomotor Dome June 2014 
 Validation Pilot Aug 2014 
Simulator Evaluations   
  Surgical Rehearsal April 2015 
 Maintenance of Surgical Skills Nov 2015 
 Simulator Performance Nov 2015 
 Evaluation of Simulator Metrics Feb 2017 
Robotic Simulator Design   
  OR Virtual World  June 2016 
  Spinal Robotics  Feb 2017 
  Orthopedic Robotics  Feb 2017 
Telesurgery   
  Communication Latency  Feb 2015 
 
Budget.  
 
All projects were completed within the allotted budget of the agreement.  
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Scientific Progress 

Robotic Curriculum 

We developed the Fundamentals of Robotic Surgery (FRS), a surgeon-defined curriculum for 
teaching the basics of robotic surgical skills. This curriculum development project led to three 
products:  

Online Curriculum. The knowledge-based curriculum of FRS has been completed and posted as 
an interactive online curriculum. This curriculum is open for use by anyone in the world and can 
be accessed at: www.FRSurgery.org.  

Psychomotor Skills Dome Prototype. The psychomotor skills required by FRS are demonstrated 
using a physical device which was prototyped under this agreement. That prototype was then 
carried through full product development by additional investment by Florida Hospital. The 
resulting product is available as a product and can be found at www.FRSdome.com.  

Validation Pilot Study. We subjected the curriculum and device to a multi-site validation trial at 
14 different locations around the world. Funds from this agreement were used to carry out a pilot 
of this very complex trial. The multi-site trial itself was then carried out though education grants 
from other sources. But that trial could not have been carried out without the pilot study which 
was conducted by Florida Hospital under this funding. The results of the validation trail will 
appear as a journal article in 2017.  

The published papers describing this work are included as appendices of this report. Additional 
details on the progress of the work can be found in the annual reports submitted throughout the 
term of this cooperative agreement.  

Simulator Evaluations 

Surgical Rehearsal. We conducted a study which compared the effectiveness of the dV-Trainer 
simulator as a substitute for traditional lecture and video methods of teaching a student to close 
an incision using a running suture with the da Vinci robot. The results showed that simulator-
based instruction was equivalent to lecture and video. We were not able to demonstrate 
superiority of simulator-based instruction, which we believe was because the procedure 
performed was too simple to create differing levels of competence. We selected the incision 
closure for the experiment because it was the only tissue-based procedure represented in the 
simulator at the time.  

Maintaining Surgical Skills. We compared the ability of multiple simulators of the da Vinci 
robot to improve the performance in specific skills, and the usefulness of these devices to 
surgical instructors in teaching this information and skills.  

Simulator Performance. We explored the ability of different populations to use a simulator 
effectively to perform robotic skills. The populations compared were experienced surgeons, 
expert video gamers, medical students, and lay persons. We found that, contrary to generally 
accepted assumptions, the expert video gamers did not demonstrate a skill level superior to lay 

http://www.frsurgery.org/
http://www.frsdome.com/
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persons and medical students, or even remotely similar to expert surgeons. Therefore, it appears 
to be false that mastery of video games confers skills which are also applicable to robotic 
surgery.  

Evaluation of Simulator Metrics. Robotic surgery performance is generally evaluated using one 
of two methods: (1) a human instructor observing a performance and scoring the performance 
using the GEARS criteria, and (2) a simulator measuring instrument with camera movement, 
with objective scores applied to the movements. Our experiment applied both methods to a set of 
subjects and then compared the correlation between the two methods. The results identified 
subjective metrics in GEARS which are well aligned with the objective metrics in the simulators. 
It also identified metrics in both areas which could not be correlated with a metric from the other. 
Therefore, equivalence of the two methods of measuring performance does exist for specific 
metrics.  

Robotic Simulator Design 

da Vinci Operating Room Virtual World. We created an online virtual world in which a robotic 
surgeon can practice the communication and teamwork principles of TeamSTEPPS in a 
simulated OR environment. In this environment, the rest of the OR team is played by intelligent, 
computer-driven, avatars. This virtual world has been posted to the internet for anyone in the 
world to use and Florida Hospital continues to pay the costs required to host and deliver it to 
interested users. The world can access at: www.TrainRobotic.com.  

Spinal Robotic Simulator. A number of additional robotic assistance surgical devices have 
emerged other than the da Vinci. However, no simulators exist for those devices. We developed 
a simulator design document for a simulator to be used with the Mazor Renaissance spinal 
surgery robot. That design document was submitted with the prior quarterly report.  

Orthopedic Robotic Simulator. We have developed a simulator design document for the Mako 
Rio hip & knee orthopedic surgery robot. That design document was submitted with the prior 
quarterly report.  

Telesurgery 

We conducted two forms of experiments in telesurgery. The first used the dV-Trainer simulator 
to explore the levels of communication latency that could be tolerated by a surgeon, specifically 
because it created a delay between the surgeon’s actions and their perception of those actions. In 
this experiment we determined that: (a) latency between 0 and 250 milliseconds was not 
perceptible by the surgeon and therefore probably completely safe; (b) latency between 250 and 
500 milliseconds was perceptible to all surgeons, but most were able to adjust their actions to 
compensate and safely complete the procedure; and (c) latency between 500 and 1,000 
milliseconds was so extreme that most surgeons could not compensate, could not complete the 
exercise, and is unsafe for patients. The second form of the experiment was to measure the data 
delivery speeds on the existing network infrastructure within and between modern hospitals in 
the United States. Our measurements found that communication latency between multiple 
campuses of the same hospital system (Florida Hospital) within a large metropolitan area 
(physical distance < 26 miles) was very steady at approximately 5 milliseconds. Communication 
latency between hospitals across a statewide area (Florida) delivered latency levels between 10 

http://www.trainrobotic.com/
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and 150 milliseconds. Communication latency across states (Florida to Texas and Colorado) also 
delivered latency levels of approximately 150 milliseconds. Finally, previous research data 
collected from University of Washington indicated that latency Florida-to-Washington could be 
as fast as 75 milliseconds (though the actual physical experiment could not be conducted).  
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Key Research Accomplishments  
 

• Fundamentals of Robotic Surgery. We have created a surgeon-defined curriculum for 
teaching robotic surgery and shared it with the world.  

• Telesurgery: Communications Latency. Major hospital systems have sufficient 
telecommunication bandwidth to perform robotic telesurgery right now. 

• Simulator Performance. The metrics used within robotic surgery simulators is equivalent 
to the scoring performed by human instructors.  

• Video Game Skills. Video gamers do not develop skills which are directly applicable to 
robotic surgery exercises.  

• Simulator Design. Simulation-based training for different forms of robotic procedures 
appears to be feasible beyond the simulators of the da Vinci robot which have previously 
been created. These could be applied to systems like the Mazor Renaissance spinal 
robotic system and the Mako Rio orthopedic robotic system.  
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Reportable Outcomes  

Refereed Publications: 

1. Julian, Tanaka, Mattingly, Perez, Truong, Simpson, Smith. “Comparative Analysis of Four
Simulators of the da Vinci Surgical Robot”, American Journal of Surgery, (Under review).

2. Julian, Tanaka, Mattingly, Smith. (Dec 2016). “Surgical Simulator Showdown.” 2016
Interservice/Industry Training Education and Simulation (I/ITSEC) Conference.

3. Smith, Tanaka, McIllwain, Willson. (Dec 2015). “Developing Game-based Leadership
Training for Robotic Surgeons.” 2015 Interservice/Industry Training Education and
Simulation (I/ITSEC) Conference.

4. Tanaka, Graddy, Smith, Perez. (Dec 2015). “Gamers Today, Surgeons Tomorrow?” 2015
Interservice/Industry Training Education and Simulation (I/ITSEC) Conference.

5. Tanaka, Graddy, Simpson, Perez, Truong, & Smith. (2015) “Robotic Surgery Simulation
Validity and Usability Comparative Analysis”. Journal of Surgical Endoscopy.

6. Tanaka, Perez, Truong, & Smith. “From Design to Conception: An Assessment Device for
Robotic Surgeons”, 2014 Interservice/Industry Training Education and Simulation (I/ITSEC)
Conference. December 2014. *Best Paper Nominee*

7. Tanaka, Graddy, & Smith. “Comparison of the Usability of Robotic Surgery Simulators”,
2014 Interservice/Industry Training Education and Simulation (I/ITSEC) Conference.
December 2014. *Honorable Mention for Best Paper*

8. Smith, Truong, & Perez. (2014) Comparative analysis of the functionality of simulators of
the da Vinci surgical robot. J Surg Endosc, 1-12.

9. Perez, Xu, Chauhan, Tanaka, Simpson, Abdul-Muhsin, & Smith. “Impact of delay on
telesurgical performance: Study on the dV-Trainer robotic simulator”. Submission to Journal
of Urology, 2014.

10. Smith, Patel, & Satava. “Fundamentals of robotic surgery: a course of basic robotic surgery
skills based upon a 14-society consensus template of outcomes measures and curriculum
development”, The International Journal of Medical Robotics and Computer Assisted
Surgery, October 2013. DOI: 10.1002/rcs.1559

11. Smith, “From FLS to FRS:  The Fundamentals of Robotic Surgery are on their Way”, World
Robotic Gynecologic Congress, Chicago, IL. 2013

12. Smith & Truong. “Robotic Surgical Education with Virtual Simulators”, 2013
Interservice/Industry Training Education and Simulation (I/ITSEC) Conference. December
2013. 
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13. Smith & Chauhan. “Using Simulators to Measure Communication Latency Effects in 
Robotic Telesurgery”, 2012 Interservice/Industry Training Education and Simulation 
(I/ITSEC) Conference. December 2012 *Best Paper Nominee* 

 
Book Chapters: 
 
1. George, Smith, Levy, Brand, “Robotic Surgery Simulation”, Simulation for Surgery and 

Surgical Subspecialities, Springer, 2017 (in press) 
2. Smith, Tanaka, Julian, Mattingly, “Enseñanza Semipresencial para la Educación en Cirugía 

Robótica”, Simuladores Quirurgicos y Cirugia Robotica, Universidad of Panamericana 
Press, 2017.  

3. Smith, Tanaka, Perez, Truong, Simpson, “Fundamentos de Cirugía Robótica: Proceso de 
diseño y método de evaluación para habilidades psicomotoras”, Simuladores Quirurgicos y 
Cirugia Robotica, Universidad of Panamericana Press, 2017.  

 
Conference Presentations: 
 
1. Julian, Tanaka, Mattingly, Smith, “Surgical simulator showdown”, Proceedings of the 2016 

Interservice/Industry Training Education and Simulation (I/ITSEC) Conference. 
2. Tanaka, Smith, Hughes, “Video Game Experience and Basic Robotic Skills”, IEEE 

International Conference on Serious Games and Applications for Health, May 2016.  

3. Mattingly, Tanaka, Julian, Skinner, Smith. (Nov 2016). “Simulator-based Multi-modal Task 
Decomposition of Robotic Surgical Technique for Vaginal Cuff Closure.” Annual Meeting of 
the American Association of Gynecologic Laparoscopists.  

4. Smith, “Robots in Surgery and Simulation in Training.” IEEE International Systems 
Conference, April 2016.   

5. Julian, Tanaka, Smith, “A Side-by-Side Comparison of Virtual Reality Robotic Surgical 
Simulators.” Florida Hospital Research Conference, April 2016.  

6. Tanaka, Smith, Hughes, “Video Game Experience and Basic Robotic Skills.” IEEE 
International Conference on Serious Games and Applications for Health, February 2016.  

7. Smith R. “The Validation of Surgical Simulators for RASD”. FDA Workshop on Robotically 
Assisted Surgical Devices, Washington DC, August 2015.  

8. Tanaka, Graddy, Perez, Simpson, Truong, Smith. (Nov 2015). “Video Game Impact on Basic 
Robotic Surgical Skills.” Annual Meeting of the American Association of Gynecologic 
Laparoscopists.  

9. Perez, Tanaka, Simpson, Truong, Smith, Satava. (Nov 2015). “From concept to surgical 
relevance: Engineering the training device for the Fundamentals of Robotic Surgery.” Annual 
Meeting of the American Association of Gynecologic Laparoscopists. 
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10. Perez M, Tanaka A, Bresler L, Hubert J, Smith R. Invitée à présenter à l’Académie Nationale
de Chirurgie. Séance du mercredi 20 mai 2015 (SÉANCE DÉLOCALISÉE À NANCY /
Apprentissage des différentes techniques chirurgicales par simulation) Fundamentals of
Robotic Surgery: Future certification en chirurgie robotique aux USA: Un avenir en France?

11. Tanaka, Perez, Graddy, & Smith. “Video Game Experience and Basic Robotic Skills”,
Florida Hospital Internal Research Forum, Orlando, FL, April 2015.

12. Truong, Tanaka, Simpson, Perez, & Smith. “Robotic surgical simulation versus traditional
didactics for surgical training: a randomized controlled trial”, Society for Gynecologic
Surgeons Annual Scientific Meeting, Orlando, FL, March 2015.

13. Smith. “Update on Robotic Surgical Simulation”, 2015 Society of Robotic Surgeons (SRS),
Orlando, FL, February 2015.

14. Smith. “Fundamentals of Robotic Surgery”, 2015 Society of Robotic Surgeons (SRS),
Orlando, FL, February 2015.

15. Truong, Tanaka, Simpson, Advincula, & Smith. “A Prospective Randomized Controlled
Comparative Study on Surgical Training Methods and Impact on Surgical Performance:
Virtual Reality Robotic Simulation vs. Didactic Lectures”, AAGL Global Congress on
Minimally Invasive Gynecology, November 2014

16. Tanaka, Truong, & Smith. “Robotic Surgical Simulators: An Assessment of Usability and
Preferences”, AAGL Global Congress on Minimally Invasive Gynecology, November 2014

17. Simpson, Perez, Tanaka, Truong & Smith. “Validating the Efficacy of GEARS through the
Assessment of 100 Videos”, Society of Laparoendoscopic Surgeons Annual Meeting & Endo
Expo, September 2014.

18. Truong, Tanaka, Simpson, Perez, Smith & Advincula. “Randomized Controlled Study
Comparing Robotic Simulation Versus Didactic Teaching for Robotic Surgical Training:
Opinions and Perspectives”, Society of Laparoendoscopic Surgeons Annual Meeting & Endo
Expo, September 2014. *Honorable Mention for the Paul Alan Wetter Award for Best
MultiSpecialty Scientific Paper*

19. Smith & Tanaka. “Gamers in Surgical Simulation: A Comparison of Gamers, Surgeons, and
Clinical Staff”, Defense GameTech Users Conference, Orlando, FL, September 2014.

20. Lendvay, Simpson, Truong, & Smith. “Differentiating Surgical Skill through the Wisdom of
Crowds”, European Endoscopic Urology Society, April 2014.

21. Patel, Patel & Smith, “Feasibility of Robotic Telesurgery across a Multi-Campus
Metropolitan Hospital System”, Third Biennial Miami Robotics Symposium, April 2014.

22. Smith, “Robotic & Telesurgery Research”, Stetson University Senior Tech Expo, March,
2014. 
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23. Satava & Smith, “Fundamentals of Robotic Surgery: Development and Validation of an 
Online Curriculum and New Psychomotor Testing Device”, NextMed/MMVR Conference, 
February, 2014.  

24. Satava & Smith, “Fundamentals of Robotic Surgery: Development and Validation of an 
Online Curriculum and New Psychomotor Testing Device”, CAMLS-Halldale Summit on 
New Technology in Medicine, February, 2014.  

25. Tanaka, Truong, Simpson, Perez, & Smith, “A Comparison of the Effectiveness and 
Usability of Robotic Simulators”, Florida Hospital Internal Research Forum, January 2014. 

26. Truong: "The Fundamentals of Robotic Surgery Psychomotor Skills Prototype Development 
Video": Harrith M Hasson Award for Best Presentation Promoting Education and Training, 
2013 SLS Annual Meeting in Reston, Virginia. Smith, “Robotic Surgery Education, 
Simulation & Telesurgery, Society for Laparoscopic Surgeons, Fellowship Summit, 
December 2013.  

27. Smith, “Virtual Reality Simulation: The Future”, Society for Robotic Surgery, Annual 
Meeting, November, 2013.  

28. Smith, “Robots in the Hands of Your Surgeon”, Chinese American Scholars and 
Professionals Association of Florida, Miami Annual Meeting, August 2013.  

29. Smith, “Robotic Surgery and Surgical Simulation”, presentation to International Council on 
Systems Engineering – Orlando Chapter. February 2012.  

30. Smith, “Beyond Education and Training: Challenges of Running Medical Simulators in New 
Paradigms”. 2012 International Meeting on Simulation in Healthcare. January 2012.  

31. Smith, "Simulation in Surgical Education", American College of Healthcare Executives, 
December 2011.  

32. Smith, "Medical Simulation Special Event: Robotic and Telesurgery Research Using 
Simulation", I/ITSEC, December 2011. 

33. Smith, "Robotic and Telesurgery Research", National Center for Simulation, October 2011. 

34. Smith, "Robotic Surgery and Surgical Simulation", Guest Lecture, Old Dominion University, 
April 2011. 

35. Smith, "Surgical Simulation Research Initiatives", I/ITSEC UCF Workshop, December 2010. 

 

Poster Presentations: 
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1. Mattingly, Tanaka, Julian, Smith. (2016) Virtual Reality Robotic Simulation Performance
Assessment: Simulator Metrics vs. Global Evaluative Assessment of Robotic Skills
(GEARS). Annual Meeting of the American Association of Gynecologic Laparoscopists.

2. Julian, D., Tanaka, A., Mattingly, P., & Smith, R. (2016). “A Side-by-Side Comparison of
Virtual Reality Robotic Surgical Simulators.” University of Central Florida Graduate
Research Forum 2016. Orlando, Fl.

3. Tanaka, Graddy, Perez, Simpson, Truong, Smith. (Jan 2016). “Video Game Impact on Basic
Robotic Surgical Skills.” International Meeting on Simulation in Healthcare, San Diego, CA.

4. Smith, Simpson. “Return on Investment Model for Robotic Simulators”, Poster Presentation
at 2015 Society of Robotic Surgeons (SRS), Orlando, FL, February 2015.

5. Tanaka, Graddy, Abdul-Muhsin, Simpson, Truong, & Smith. “A Comparison of Validity and
Usability of Robotic Simulation”, Poster Presentation at 2015 Society of Robotic Surgeons
(SRS), Orlando, FL, February 2015.

6. Tanaka, Perez, & Smith. “Fundamentals of Robotic Surgery Psychomotor Skills: Metrics
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Conclusion  
Each of the research areas funded by this grant has made significant scientific contributions. The 
knowledge gained from this work is being shared through reports to the government, journal 
publications, and multiple presentations at both clinical and simulation conferences. The digital 
products of the research have also been made freely available to use across the world. Surgeons 
and surgical instructors have free access to the educational materials developed for the 
Fundamentals of Robotic Surgery (FRS) and to the online virtual world created. FRS is on a 
track to become an international standard for education and performance measurement for all 
practitioners of robotic surgery. The work was conducted at a time when there was one primary 
robotic system (da Vinci), however, we are in discussions with multiple companies who are 
releasing new robots who want to adapt and apply this curriculum to their devices as well. 
 
It has been a privilege to conduct this research and make these contributions to the scientific 
literature and to those teaching and advancing work in robotic assisted surgery.  
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Purpose of review

This article provides an overview of the current status of simulator systems in robotic surgery training
curriculum, focusing on available simulators for training, their comparison, new technologies introduced in
simulation focusing on concepts of training along with existing challenges and future perspectives of
simulator training in robotic surgery.

Recent findings

The different virtual reality simulators available in the market like dVSS, dVT, RoSS, ProMIS and SEP have
shown face, content and construct validity in robotic skills training for novices outside the operating room.
Recently, augmented reality simulators like HoST, Maestro AR and RobotiX Mentor have been introduced in
robotic training providing a more realistic operating environment, emphasizing more on procedure-specific
robotic training . Further, the Xperience Team Trainer, which provides training to console surgeon and bed-
side assistant simultaneously, has been recently introduced to emphasize the importance of teamwork and
proper coordination.

Summary

Simulator training holds an important place in current robotic training curriculum of future robotic surgeons.
There is a need for more procedure-specific augmented reality simulator training, utilizing advancements in
computing and graphical capabilities for new innovations in simulator technology. Further studies are
required to establish its cost–benefit ratio along with concurrent and predictive validity.
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INTRODUCTION

The use of the robotic platform in urology has
expanded exponentially over the last decade and
has established itself in most advanced centres across
the world, particularly in the USA [1–3]. In 2013,
approximately 80% of radical prostatectomies were
performed using robotic platform in the USA [1]. This
tremendous growth in robotic technology has high-
lighted the increasing demand for surgeons trained
in robotic skills. Although most urology residency
programs are presently incorporating robotic surgery
as a part of their curriculum, adequate training of
these future robotic surgeons is facing many chal-
lenges [4–6]. First, there has been a decrease in actual
training hours along with risk of litigation, increased
emphasis on patient safety and improved surgical
outcomes. Second, the traditional Halstedian
method of training of ‘see one, do one and teach
one’ does not apply to robotic technology. The
robot-assisted radical prostatectomy is a complex
procedure requiring complete knowledge of pelvic
© 2015 Wolters Kluwer 
anatomy and an understanding of magnification,
depth perception, three-dimensional spatial orien-
tation and coordinated hand–eye movements.
Third, in robotics, the mentor is not working close
to the trainee with one person at the console and one
other person required for bedside assistance, thus
raising concerns in the mentor’s mind about the
patient’s safety [7–9]. The training can be divided
aspreclinical and clinical [4–6]. The preclinical train-
ing includes use of simulators, defined as tools
Health, Inc. All rights reserved.
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KEY POINTS

� The simulator training can form an integral part of
credentialing and training robotic surgery of future
robotic surgeons.

� It has the potential to decrease the learning curve for
the acquisition of robotic skills.

� It can supplement the hands-on training clinical phase
and can act as a bridge between preclinical training
and actual hands-on clinical training without
jeopardizing the safety of patients.

� There is a need for more procedure-specific augmented
reality simulator training in a cost-effective manner, with
more emphasis on both technical skills and team-
work training.

Simulators in acquisition of robotic surgical skills Kumar et al.
enabling the operator to reproduce or represent
under test conditions a phenomenon likely to occur
in actual performance. Clinical training includes
observation, bed-side assistance and hands-on-train-
ing under mentorship (including Tele-mentoring)
and proctoring [4,7,10].

Simulators can be classified as low fidelity, high
fidelity, virtual reality and augmented reality [4–
7,11,12

&&

]. Low fidelity simulators, like Dry lab lap-
aroscopic box trainer, are portable, less expensive
and have been proven to improve surgical skills over
time. But, they have disadvantages of lack of dupli-
cation of a real surgical environment, lack of feed-
back and inability to teach an entire procedure.
High fidelity simulators include animal models,
cadavers and commercially available models. They
have advantages of providing a more realistic
environment for training, but also have disadvan-
tages such as lack of easy availability, cost, ethical
issues, veterinary assistance, anatomical variance
from human organs (with animal models) and lack
of bleeding and actual tissue compliance (for cadav-
ers). The Virtual Reality simulator utilizes a com-
puter-derived realistic virtual operative field with
tactile feedback on laparoscopic instruments. The
Augmented Reality simulator provides a more real-
istic procedure-specific operating environment,
where events on the field are enhanced and supple-
mented [12

&&

,13,14].
Simulators enable residents and novice robotic

surgeons to practice their skills in a nonclinical
environment, any number of times, without risking
the actual patients. Moreover, they provide trainees
a platform to assess their performance and keep
track of progress over time. Additionally, they pro-
vide an opportunity to a surgeon to refamiliarize
 Copyright © 2015 Wolters Kluwe
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himself with the surgical console immediately
before a case as a ‘warm-up’ before surgery [4–10].

The simulator training can be further classified
into two types – skills training and procedure-based
training [4–6]. Most of the virtual reality simulators
provide skills training including cutting, depth per-
ception, hand–eye coordination, suturing and
retraction. Recently, procedure-based training simu-
lators have been reported, which can act as a bridge
between formal and informal training [13,14,15

&&

].
In this systematic review, we have reviewed all

publications in PubMed in the last 12 months using
keywords: simulation, robotic training, virtual real-
ity, augmented reality. We will discuss the current
status of all existing simulators in robotic training
including their advantages, disadvantages, all
recently published modifications in simulators tech-
nology, assessing their place in current robotic train-
ing curriculum, along with the recent developments
in simulator technology and future challenges in
the simulator training for acquisition of robotic
skills.
VALIDATION OF SIMULATORS

Although simulators have shown their utility over
other educational tools like didactic teaching and
dry lab training, they need to be validated before
their effective integration into teaching and train-
ing curriculum [4–6]. Validation can be subjective
and objective. The subjective validation includes
face and content validity. Face validity is defined
as the informal assessment of realism and feel by no
experts. Content validity is defined as the formal
assessment of appropriateness as a teaching tool by
experts. The objective validation, which is a much
more daunting task, includes construct, concurrent
and predictive validity. Construct validity is defined
as the ability of a simulator to discriminate experts
from novices. The term ‘novice’ includes subjects
with no experience at all in performing the pro-
cedure under study. The term ‘expert’ includes sub-
jects with adequate experience in performing the
procedure under study. Concurrent validity is
defined as the ability to compare performance on
a simulator with gold standard tests known to
measure the same domain, such as a tissue or animal
lab. Predictive validity is defined as the ability to
predict future performance based on performance
on the simulator [4–10].
VIRTUAL REALITY SIMULATORS

We found five different types of virtual reality simu-
lators published so far in the literature.
r Health, Inc. All rights reserved.
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SimSurgery Educational Platform Robot

The SimSurgery Educational Platform (SEP) Robot
(SimSurgery, Oslo, Norway) is a modification of the
SEP Basic laparoscopic virtual reality simulator. It
replaces the simulated laparoscopic instruments
with the wristed instruments found in the da Vinci
robot, providing seven degrees of freedom. It does
not provide three-dimensional images, fourth arm
integration or performance feedback. It also does
not include the following tasks: camera and clutch-
ing; needle control and driving; energy and dissec-
tion [9,16]. The experience with this simulator is not
as robust as with other simulators, though it is an
extremely cost-effective alternative. However, the
face, content and construct validity have been pro-
ven in literature [9,16].
Robotic Surgical Simulator

The Robotic Surgical Simulator (RoSS) is another
type of virtual reality simulator offering 16 modules
with progressive difficulty from pinching, camera
and clutch operation to tissue cutting and cautery. It
is a stand-alone system mimicking da Vinci Surgical
System. It helps in developing motor and cognitive
skills for performing robotic surgery by providing in-
vivo virtual operative steps with three levels of
complexity in the form of modules for orientation,
motor skills, basic surgical skills and intermediate
surgical skills [17]. The face and content validity
have been published for this simulator, but there
is currently no literature on construct validity [4,9].
The educational impact of this simulator has been
published as those trained on RoSS took less time to
complete robotic dry tasks [18]
ProMIS

The ProMIS hybrid simulator (Canadian Aviation
Electronics Healthcare, Canada) has a computer
and a laparoscopic interface made with a plastic
mannequin with a black Neoprene cover. There are
three camera tracking systems to detect any instru-
ment inside the simulator from three angles, thus
recording the three-dimensional position of tips of
instruments 30 times/second. It can be used for var-
ious tasks like intracorporeal suturing, precision cut-
ting, cannulation and peg transfer, analyzing three
objective parameters of time, path and smoothness
[19]. The face, content and construct validity have
been reported in published literature [9,19].
Mimic dV-Trainer

dV-Trainer (dVT) is a table top-sized compact system
with dual-platform capability simulating both
 Copyright © 2015 Wolters Kluwer 
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da Vinci S, Si and Xi robots. It utilizes precise
modelling of robot kinematics, foot pedals and mas-
ter grips. This provides trainees with a realistic
representation of the da Vinci system. This provides
both basic (Endowrist manipulation, camera,
clutching, and troubleshooting) and advanced skills
training (needle control and driving, suture and
knot tying, energy and dissection) [4,7]. The face,
content, construct validity and educational impact
have been proven in recent published series
[6,18,20–22]. Schreuder et al. evaluated 42 partici-
pants in three groups according to their robotic
experience. Experts performed better in terms of
‘time to complete’ and ‘economy of motion’ in
comparison to novices [20].
da Vinci Skills Simulator

This simulator, produced by Intuitive Surgical, can
be integrated with existing da Vinci Xi or Si surgeon
consoles, thus providing a practice platform to be
used inside or outside the operating room, with no
requirement of additional system components. This
was developed in collaboration with Mimic Tech-
nologies and Simbionix and provides training
modules from basic to advanced skills including
Endowrist manipulation, camera and clutching,
fourth arm integration, needle control and driving,
energy and dissection [4,23]. The face, content and
construct validity have been proven in the recent
series [11,18,24–28]. Tergas et al. showed that train-
ing on da Vinci Skills Simulator (dVSS) resulted in
significant improvement in ‘time to completion’
and ‘economy of motion’ for novices [24]. They
found that autonomy of use, computerized perform-
ance feedback and ease of setup were unique advan-
tages to dVSS, thus providing more efficient and
sophisticated training in comparison to conven-
tional dry laboratory training.
AUGMENTED REALITY SIMULATORS

These simulators provide a more realistic operating
field to trainees, utilizing enhanced and supple-
mented events [29].
Hands-on-Surgical Training

This simulator is a mode embedded within the RoSS
simulator and provides training in actual surgical
cases such as radical prostatectomy, radical cystec-
tomy, radical hysterectomy and extended lymph
node dissection. It includes integrated user inter-
action, narrative instructions and guided move-
ments. Hands-on-Surgical Training (HoST) was
created by augmenting a real surgical procedure
Health, Inc. All rights reserved.
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within a virtual reality framework utilizing audio-
visual explanations and anatomically relevant illus-
trations of the critical steps of the procedure. The
RoSS manipulators navigate the trainee through
haptic-enabled cues during the procedure [13].
Chowriappa et al. [12

&&

] evaluated the role of aug-
mented reality-based skills training for robot-
assisted urethrovesical anastomosis in a randomized
controlled trial, using HoST a technology group and
a control group. They found that for 70% of partici-
pants, HoST the training experience was similar to a
real surgical procedure and 75% of trainees
responded that this training could improve confi-
dence in performing a real procedure. They con-
cluded that training with HoST in urethrovesical
anastomosis improves technical skills acquisition
with minimal cognitive demand.
Maestro AR

This was introduced by Mimic Technology, provid-
ing virtual instruments for interaction with
anatomy in a 3D video environment. This has been
designed for training novices in decision-making
skills and procedure-specific skills, within the dVT
simulator. The participants use virtual robotic
instruments in anatomical regions collected from
3D surgical video. This simulator plans to provide
training in four modules: partial nephrectomy
(released May 2014), hysterectomy, prostatectomy
and general surgery (to be released) by helping to
identify anatomy, anticipate tissue retractions and
predict regions for dissection [14]. There are no
studies documenting face, content, construct, con-
current and predictive validity of this simulator,
owing to its recent introduction.
RECENT DEVELOPMENTS IN CONCEPTS

Recently, more simulation models have been
launched emphasizing the concept of teamwork
and procedure-specific training in robotics.
Xperience Team Trainer

This simulator, available as an optional hardware
complement for the dV–Trainer simulator, has been
introduced to emphasize the importance of team-
work and proper coordination between console sur-
geon and assistant during robotic surgery. This
simulator provides training simultaneously to both
surgeon and bedside assistant. Thus, the bedside
assistant performs basic skills exercises, promoting
his psychomotor skills and rehearsal of interaction
with console surgeon. It also exposes them to real-
life situations in the operating room, promoting
 Copyright © 2015 Wolters Kluwe
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patient safety. Moreover, this team training helps
in development of communication protocol in the
real operating room using a well tolerated simu-
lation environment. Moreover, it also provides pro-
ficiency-based scoring for the team and each
individual [30]. However, studies regarding its face,
content, construct, concurrent and predictive
validity are still pending because of its recent intro-
duction.
Tube 3 module with dV-Trainer

This simulator training emphasizes procedure-
specific training, utilizing the Tube 3 module in
the dVT. It helps in increasing vesicourethral anas-
tomosis (VUA) performance, one of the most com-
plex steps in robot-assisted radical prostatectomy.
Kang et al. [15

&&

] recently published their experience
with this module. They found that experts per-
formed better in task time, total score, total
economy of motion and number of instrument
collisions in comparison with novices. Moreover,
80% of experts found this module a useful training
tool to perform VUA. Thus, they reported face,
content and construct validity of the Tube 3 module
for practicing VUA.
RobotiX Mentor

This simulator has been introduced recently provid-
ing a realistic representation of the work space,
master controllers, pedals and surgeon console of
da Vinci Surgical System. It provides a 3D high-
definition stereoscopic view for basic skills (robotic
suturing, stapler, Fundamentals of Robotic Surgery
modules) and multidisciplinary complete virtual
reality procedures (vaginal cuff closure, hyster-
ectomy modules), augmented with step-by-step
video guidance and realistic representation of emer-
gency situations and complications. The trainees are
provided with performance reports with learning
curve graphs utilizing simulator curricula manage-
ment system [31]. However, face, content, con-
struct, concurrent, and predictive validity of this
simulator have not been proved in literature because
of its recent introduction.

Table 1 shows comparison between the available
simulators.
CURRENT CHALLENGES AND FUTURE
PERSPECTIVES

The definitions of face, content, construct, concur-
rent and predictive validity need to be standardized
for all simulators and future studies. Very few
randomized controlled trials (RCTs) have been
r Health, Inc. All rights reserved.
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Table 1. Comparison of different available simulators

Face
validity

Content
validity

Construct
validity

Concurrent
validity

Predictive
validity

Learning
impact

Cross-modality
correlation

SEP Yes Yes Yes No No No No

RoSS Yes Yes No No No Yes No

ProMIS Yes Yes Yes No No Yes No

dVT Yes Yes Yes No No Yes Yes

dVSS Yes Yes Yes No No Yes Yes

HoST Yes Yes Yes No No Yes No

Maestro AR No No No No No No No

Tube-3 module Yes Yes Yes No No Yes No

Xperience team trainer No No No No No No No

dVSS, da Vinci Skills Simulator; dVT, dV-Trainer; HoST, Hands-on-Surgical Training; RoSS, Robotic Surgical Simulator; SEP, SimSurgery Educational Platform.

Training in endourology
reported comparing different robotic simulators
[32]. The superiority of one simulator over another
has not been established so far because of a lack of
these RCTs. There are no studies documenting the
actual benefits of simulator training carried over to
real-case performance with a surgical robot. The
 Copyright © 2015 Wolters Kluwer 
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FIGURE 1. Potential role of simulators in robotics training.
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cost of these simulators is a significant matter of
concern [4,7–9]. However, with increasing use of
robotic technology and increasing competition
among training devices, the future cost of these
devices should come down to an affordable range.
There is a need to provide more procedure-specific
Health, Inc. All rights reserved.
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Augmented reality simulator

(Procedure-specific, teamwork training)

pervision, dual console, proctoring,
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training along with skills-based training in a more
realistic augmented reality environment like HoST
and Maestro [13,14]. Moreover, the concepts of
teamworking, decision-making and communi-
cation skills should be incorporated more in simu-
lator training by providing team-based robotic
simulation environments like Xperience Team
Trainer [4,7–9,30]. However, their validations have
to be proved in future large prospective RCTs.
Finally, there is a need for standardization for train-
ing and credentialing in robotic surgery as has been
done with Fundamentals of Laparoscopy Surgery for
laparoscopy in general surgery [4,7,8]. A similar
standard and validated tool including simulator
training and other training tools needs to be incorp-
orated in various robotic residency and fellowship
teaching curriculum (Fig. 1).

There are a few limitations of this article. First,
we may have missed a few articles related to the
current topic. Second, we could not discuss certain
issues like cost-effectiveness, concurrent and predic-
tive validity (tools to assess the actual benefits of
simulator training carried over during real-time
robotic surgery), as these issues have not been
reported in published series.
CONCLUSION

The simulator training can form an integral part of
credentialing and training robotic surgery of future
robotic surgeons. It has the potential to decrease
the learning curve for the acquisition of robotic
skills. It can supplement the hands-on training
clinical phase and can act as a bridge between
preclinical training (didactic lectures, dry lab train-
ing, animal models) and actual hands-on clinical
training without jeopardising the safety of
patients. There is a need for more procedure-
specific augmented reality simulator training in a
cost-effective manner, utilizing advancements in
computing and graphical capabilities for new
innovations in simulator technology, with empha-
sis on both technical skills training and teamwork
training. However, more RCTs involving larger
numbers of participants are required to establish
its cost-benefit ratio along with concurrent and
predictive validity.
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Abstract
Purpose Todetermine the impact of communication latency
on telesurgical performance using the robotic simulator dV-
Trainer®

Methods Surgeons were enrolled during three robotic con-
gresses. They were randomly assigned to a delay group
(ranging from 100 to 1000ms). Each group performed three
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times a set of four exercises on the simulator: the first attempt
without delay (Base) and the last two attempts with delay
(Warm-up and Test). The impact of different levels of latency
was evaluated.
Results Thirty-seven surgeons were involved. The different
latency groups achieved similar baseline performance with a
mean task completion time of 207.2 s (p > 0.05). In the Test
stage, the task duration increased gradually from 156.4 to
310.7 s as latency increased from 100 to 500ms. In separate
groups, the task duration deteriorated from Base for latency
stages at delays ≥300ms, and the errors increased at 500ms
and above (p < 0.05). The subjects’ performance tended to
improve from the Warm-up to the Test period. Few subjects
completed the tasks with a delay higher than 700ms.
Conclusion Gradually increasing latency has a growing
impact on performances. Measurable deterioration of per-
formance begins at 300ms. Delays higher than 700ms are
difficult to manage especially in more complex tasks. Sur-
geons showed the potential to adapt to delay and may be
trained to improve their telesurgical performance at lower-
latency levels.

Keywords Telesurgery · Telemedicine/methods ·
Computer simulation · Robotic simulator · Internet

Abbreviations

ATM line Asynchronous transfer mode line
ms Millisecond
PB1 Peg-Board 1
CT2 Camera Targeting 2
TR1 Thread the Ring 1
ED1 Energy Dissection 1
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Introduction

Robotic surgery was noted to be in its infancy in 2004, [1] but
now this advanced technology is on its way to young adult-
hood [2]. It has become a standard in complex surgery [3].
The mature experience will likely include the achievement
of remote telesurgery, a future challenge for robotic surgeons
[4,5].

The first transatlantic human telesurgery procedure was
performed in 2001 [6]. Since the proof of concept, telesurgery
remains a complex and uncommon process that holds
promise in overcoming challenging situations (remote medi-
cine for underserved regions, surgery in the battlefield,
surgery in space, etc.) [7,8]. Many teams have worked on the
telesurgery process and tried to achieve remote telesurgery
procedures using available technical resources for the video
flux transfer [7,9,10]. In telesurgery, the control signal sent
from the master console is transferred over a network to the
robot arms followed by a corresponding movement of the
surgical instruments. The video images are then returned to
the surgeon site. The data transmission requires an encoding,
transmission, and decoding process in which a time delay, or
latency, is inevitably produced. Latency is correlated with
the amount of data and the quality of network. The first
transatlantic human telesurgery (with the Zeus robot) used
sophisticated dedicated asynchronous transfer mode (ATM)
lines with a transmission delay around 150ms [6]. Dedicated
lines, however, are not always feasible in routine clinical sit-
uations. The public Internet bridging the world could be an
easy and accessible resource to transmit this data. Even so,
the network availability would be at the price of increasing
latency measured approximately 450–900ms [11].

It would be valuable to clarify the impact of the latency
on surgical performances before future implementations of
telesurgery. Two thresholds need to be established: The first
is the smallest latency that can be detected by surgeonswhich
will influence their performance, and the second is the level
of latency that makes the surgery unsafe. Unsafe surgery is
associated with an increase in errors. A previous study on
this topic highlighted the impact of delay on performance
degradation using the dV-Trainer®. The authors evaluated
the effects of delay varying between 100 and 1000ms, and
found that latencies ≤300ms had a small impact on per-
formance. Subjective evaluation then suggested that surgery
became quite difficult at delays ≥800ms [12]. However, this
study only included medical students as the subjects. Addi-
tional experiments should be performed with experienced
surgeons, especially those experienced with robotic systems
which would be needed to implement telesurgical proce-
dures.

The present study aims to evaluate, on a surgeon popula-
tion, the impact of different latency levels on performances
in four simulated robotic tasks.

Material and methods

Exercises and subjects

We designed a prospective, observational study conducted
on the robotic surgical simulator dV-Trainer® (Mimic tech-
nologies Inc., Seattle, USA). This tool has demonstrated
face, content, construct, and concurrent validity in previ-
ous studies [13,14]. Based on expert opinion and literature
review [14,15], we chose four exercises for the test that
would be performed in a constant easy-to-difficult order:
(a) Peg-Board 1 (PB1)—pick up and transfer rings sequen-
tially from the Peg-Board to a single peg on the floor; (b)
Camera Targeting 2 (CT2)—manipulate the camera to pre-
cisely focus and zoom on a target sphere; pick up and move
a stone into a designated basket; (c) Thread the Rings 1
(TR1)—pass a needle and suture through a number of flex-
ible eyelets; (d) Energy Dissection 1 (ED1)—isolate a large
blood vessel by cauterizing and cutting small branching
blood vessels that anchor the large vessel (Fig. 1). Both
basic (endowrist manipulation, camera control, clutching)
and challenging (suturing, dissection) skills were covered
with these exercises. The dV-Trainer® simulator permitted
us to introduce fixed latencies into the exercises between
the gesture on the grips and the visual feedback on the con-
sole.

After institutional review board approval, we recruited
subjects—fellows and attending surgeons—during three
robotic surgery conferences. All the experiments involving
human participants were in accordance with the ethical stan-
dards of the institutional research committee, as well as the
1964 Helsinki Declaration and its later amendments or com-
parable ethical standards. Informed consent was obtained
from all individual participants.

Procedures

Each participant received a unique identification number
under which all his/her data would be collected, and then
completed a questionnaire concerning demographic data
(including surgical experience and related activities).

Each subject was randomly and blindly assigned a
latency varying between 100 and 1000ms with incre-
ments of 100ms. Before the trials on dV-Trainer®, they
received standard instruction on its use in a familiariza-
tion period. After that, they performed all four exercises
in order without delay (Base). The results provided their
baseline performance. Then they repeated the same set of
exercises twice with the assigned latency (Warm-up and
Test). The Warm-up period allowed them to become famil-
iar with latency and to acquire short-term adaptation (Fig.
2).
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Fig. 1 The four dV-Trainer®

exercises: Peg-Board 1 (a),
Camera Targeting 2 (b), Thread
the Ring 1 (c), and Energy
Dissection 1 (d)

Fig. 2 Experimental procedures

Metrics

The dV-trainer includes a built-in scoring system. The val-
ues of the following metrics were automatically recorded
after each exercise: time to complete the exercise (in sec-
onds), instrument motion (in centimeters), master workspace
range (in centimeters), excessive instrument force (in sec-
onds), instruments out of view (in centimeters), instru-
ment collisions, drops, etc. An overall score representing
a combination of these criteria was also automatically
generated.

Based on our experience, the task completion time is the
most sensitive and reliable measure to the impact of delay
[12]. We thus chose this measure to represent the results. In
addition, the mean score of all error metrics was calculated
in order to evaluate the latency impact on errors.

Statistics

Data were analyzed using the R statistical software. A
repeated-measures ANOVA (mixed-effects model) was used
to determine the differences in performances between vari-
ous latency groups (with FDR p value correction), and also
between the three periods in each latency group (with Holm
correction). Statistical significance was determined at p <

0.05.

Results

Complete data

Final data were derived from 37 surgeons. Twenty-three per-
sons had robotic experience, with an average of 2.7 years
(ranging from 1 to 9years). All subjects completed the three
stages from Base to Test, but some of them did not complete
all the exercises. For example, four subjects were included
in the 100ms group, but one of them did not complete the
exercises of CT2 and TR1. The groups from 700 to 1000ms
were combined due to the limited subject number (Table 1).

Results across exercises

The different latency groups achieved similar baseline per-
formance with a mean task completion time of 207.2 s (p >
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0.05). An increasing tendency of the task duration with delay
was observed in the two latency stages. In the Test period,
the mean task duration increased from 156.4 s at 100ms to
310.7 s at 500ms. When comparing this measure between
any two latency groups, statistical significance was achieved
in the comparisons of the 100ms group versus the 400 and
500ms groups (p < 0.05; Fig. 3).

Subjects demonstrated the tendency to improve their per-
formances from the Warm-up to the Test period. The task
completion time deteriorated from the baseline to the two
latency stages at 300msandabove, although statistical signif-
icance was not achieved at 300 ms due to the limited subject
number (Fig. 3). The comparison results between the three
periods in each latency group are illustrated in Fig. 4.

Themean error score deteriorated from baseline to latency
stages at 500ms and above (p < 0.05). For example, in
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Fig. 3 The mean task completion time across the four test exercises
in each latency group. *Difference was determined compared to the
100ms group (p < 0.05). The groups of 600 and 700–1000ms were
not included due to insufficient data in certain exercises
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Fig. 4 Comparisons of the task completion time between the three
periods in each latency group (*p < 0.05; **p < 0.01; ***p < 0.001).
The group 600ms includes only the results across PB1, CT2, and ED1;
the group 700–1000ms includes the results across PB1 and CT2
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Fig. 5 Comparisons of the mean error score between the three periods
in each latency group (*p < 0.05; **p < 0.01). The group 600ms
includes only the results across PB1, CT2, and ED1; the group 700–
1000ms includes the results across PB1 and CT2

500ms group, the score decreased from 168.2 (out of 200)
to 138.5 from the Base to the Test period (Fig. 5).

Results in separate exercises

An increasing tendency of the task completion time with
latency was observed in the two latency periods of the four
exercises. The degradation of performances betweenbaseline

and latency stages started with 300, 500, 100, and 300ms in
PB1, CT2, TR1, and ED1, respectively (Fig. 6).

Incomplete data

Eighty incomplete exercises in latency stages derived from
26 subjects were identified. They included 18 PB1, 18 CT2,
26 TR1, and 18 ED1. Subjects were physically unable to
complete these delayed exercises. Fifty-three (66.25%) exer-
cises were stopped by the subjects at a mean time of 9.8min
(586.01 ± 14.54 s). The ratio of incomplete exercises was
relatively higher in high-delay groups (Fig. 7).

Discussion

We aimed to determine the latency effects on surgical per-
formances in experienced surgeons who are unfamiliar with
latency and the simulator device, to establish the thresh-
old delays in telesurgery. Overall, the gradually increasing
latency has an increasing impact on performances, and
the performance deterioration consistently begins at 300ms.
Latencies of 100 and 200ms seemed to have no clear effect,
and the 100ms group had improving performance from the
Base to the Test stage. This improvement likely corresponds
to the learning effects of basic simulator manipulation and
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Fig. 6 The mean task completion time in each latency group of the four exercises: Peg-Board 1 (a), Camera Targeting 2 (b), Thread the Ring 1
(c), and Energy Dissection 1 (d)
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further proves that 100ms does not have a significant influ-
ence. For the superior threshold, delays equal or higher than
700ms seem to be difficult to manage especially in com-
plex tasks. Only one subject was able to complete the tasks
at 700ms, and only the easiest exercises (PB1, CT2) were
finished at 800–1000 m. In the previous study with trained
medical students, the similar threshold was highlighted and
the authors suggested telementoring as a safer choice [12].
Telementoring is an application of telemedicine that involves
the remote guidance of a procedure when the local operator
has limited experience with the technique [16]. However, in
this study, the error rate significantly increased from non-
latency to latency stages at delays ≥500ms, which may
indicate an increase in surgical risk. We would consider this
value as the superior threshold, and telesurgery should not
be recommended in this condition for most surgeons [17].
This does not mean that procedures cannot be performed at
higher-latency levels, and results could be better for experi-
enced robotic surgeons, especiallywhengiven anopportunity
to rehearse in an environment including latency, such as with
a simulator. Current research is still limited, and outcome
data are lacking to demonstrate the feasibility and safety of
telesurgery with high delays. In a previous published study,
a nephrectomy was performed on a swine under a delay of
900ms. Two surgeons performed the procedure, one in the
remote site console and the other in the local site console
[11]. In this article, no outcome data were provided, such as
surgical performance and the mental stress of surgeons.

Surgeons have been shown to have the potentials to adapt
to delays [18]. Similar tendency was also observed in our
study: Performances improved fromWarm-up to Test. It sug-
gests that surgeons may be trained on latency to improve
their telesurgical performance. However, the improvement
observed here is not clearly attributable to adaptation through

experience with latency. It may also be the result of improve-
ments in psychomotor simulator manipulation. Despite the
overall tendency across exercises, our results also demon-
strate that the impact of latency is related to the difficulty
of procedures. Latency affected performances on different
levels for the four chosen exercises: The performance deteri-
oration started at a high delay (500ms) for the simple exercise
CT2 and at a low level (100ms) in the more challenging
TR1. This fact indicates that the minimum influential and
the maximum acceptable delays could be different in surgi-
cal procedures with different complexity.

For the challenging exercises thatmaybetter represent real
surgical scenarios, we have chosen TR1 and ED1 instead of
themore complex exercises like “Suture Sponge” or “Tubes.”
This is because many surgeons were not sufficiently familiar
(or proficient) with the robot or the simulator. In this study,
few tasks were completed at delays higher than 700ms. One
might anticipate that the resultswould be evenworse if apply-
ing more challenging exercises.

Participants have demonstrated the efforts to complete the
tasks even with considerable latencies. In the identified 80
incomplete exercises, only a few subjects terminated their
participation soon after beginning. The mean duration of
attempt was 7.5min per exercise. This effort could minimize
the bias of experiments. It is also interesting to observe that
many persons stopped at about 10min. It seems that this is
a threshold beyond which surgeons could no longer endure
the effects of latency.

This studyhas potential limitations:Althoughwe recruited
more than 60 surgeons, the final completion rate was lower
than expected. The small number of subjects in each latency
group is a shortcoming of the study. We did not merge differ-
ent latency groups because the objective was to evaluate the
impact of each latency level, and an interval of 100ms may
already cause difference.Also the distribution of subjectswas
not equivalent in different latency groups, primarily due to
subjects choosing to terminate their participation before com-
pleting the entire experiment. Fewer subjects were included
in the 300ms group. Moreover, many surgeons failed to
complete the tasks at high delays due to the difficulty of
manipulation under these conditions. In addition, all subjects
were novices in telesurgery (or latencies) since this technol-
ogy is currently only available in research settings.

A complementary study will be necessary to assess the
performance degradation induced by latency on robotic
surgery experts, and to investigate whether latency training
could be used to overcome the challenges of telesurgery.

Conclusion

This study was conducted on surgeons with limited experi-
ence using the dV-Trainer simulator, and the results demon-
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strated that performances (time to perform, score, error)
deteriorate gradually as latency increases. The impact of
delay is related to the difficulty of the procedures, but over-
all, delays of 100 to 200ms have no significant impact, and a
delay higher than 500ms causes a noticeable increase in sur-
gical risk. Surgery becomes extremely difficult and should be
avoided at delays higher than 700ms. Telementoring could
be an option in this situation. Surgeons have the potential to
adapt to latency, and they may be trained to improve their
telesurgical performances using devices like simulators of
robotic systems.
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Abstract

Background There is a need for a standardized curriculum for training and
assessment of robotic surgeons to proficiency, followed by high-stakes testing
(HST) for certification.

Methods To standardize the curriculum and certification of robotic surgeons, a
series of consensus conferences attended by 14 leading international surgical
societies have been used to compile the outcomes measures and curriculum that
should form the basis for a Fundamentals of Robotic Surgery (FRS) programme.

Results A set of 25 outcomes measures and a curriculum for teaching the
skills needed to safely use current generation surgical robotic systems has been
developed and accepted by a committee of experienced robotic surgeons across
14 specialties.

Conclusions A standardized process for certifying the skills of a robotic
surgeon has begun to emerge. The work described here documents both the
processes used for developing educational material and the educational content
of a robotic curriculum. Copyright © 2013 John Wiley & Sons, Ltd.

Keywords robotic surgery; outcomes measures; educational curriculum

Introduction

In 2004, the Society of American Gastrointestinal and Endoscopic Surgeons
(SAGES) launched the validated Fundamentals of Laparoscopic Surgery
(FLS) curriculum and, together with the American College of Surgeons
(ACS), promoted the FLS as a minimum standard before a surgeon should be
allowed to perform laparoscopic procedures independently (1). In 2009, the
American Board of Surgery (ABS) mandated that, in addition to Advanced
Cardiac Life Support (ACLS) and Advanced Trauma Life Support (ATLS), a
certificate documenting the successful passing of the FLS exam be included
in the application in order to be eligible to sit the examination for certification
in General Surgery (2).

During the last decade, robotic surgery has grown through a similar evolution
to laparoscopic surgery and is being recognized as an important surgical
approach by multiple surgical specialties. Furthermore, it shows every sign of
continuing the adoption of more diverse surgical procedures, as manifested by
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the fact that in calendar year 2012, approximately 450,000
robotic surgical procedures were performed. The number of
procedures being performed by robotic surgery has been
constantly rising in urology, gynaecology, colorectal,
paediatric and numerous other specialties. Expert robotic
surgeons and numerous surgical societies and certifying
organizations have advocated the need for a unified
approach and standardized curriculum for basic training,
assessment, testing and certification in robotic surgery skills
(3). There have been previous efforts to develop a core
curriculum for certifying robotic surgeons (4,5); however,
these have been fragmented, with different approaches
and outcomes measures emerging from each. This has
resulted in conflicting, competing and redundant curricula
for the training and the assessment tools for robotic surgery.
In addition, these curricula have generally lacked the
human and financial resources necessary to complete the
most comprehensive, multi-institutional validation that is
necessary to gain acceptance at a national level.

Through the combined support of two grants, one to
the Minimally Invasive Robotics Association and the other
to the Florida Hospital Nicholson Center, a process has
been created by a multi-specialty group of participants
which unifies the previous attempts to develop a robotic
curriculum, which included the current developers of
the existing curricula and which expand into a much
larger foundation of surgical societies with a stake in this
new technology. These grants provide the necessary
funding to carry the effort through multi-institutional
validation with the support of participants who represent
all surgical specialties that are currently performing
robotic surgery.

The scope of the curriculum development was limited
to the creation of a curriculum (course) that encompassed
the cognitive, psychomotor and team training skills
required to safely operate a surgical robotic system and
perform the most basic of manual and communication
skills that would be needed to safely perform any robotic
surgery procedure. This curriculum does not include the
needs assessment, gap analysis, pre-operative care or
post-operative care – it is a skills-based curriculum
focused upon the skills needed in the operating room. It is
assumed that all the above pre- and post-operative education
and training has been completed before bringing the patient
into the operating room.

Materials and methods

Participation in this effort was invited from multiple
certifying boards, professional surgical societies and
associations that represent international practitioners
and regulators of various surgical specialties, as well as
the US Department of Defense (DoD) and Veterans Health
Administration (VHA). The conference participants were
official representative members of these organizations or
agencies and were selected by their organizations to
provide insight into the needs of the organization. A

complete list of the participating organizations is given in
Table 1 and a list of the individual participants is given in
the Acknowledgements section of this paper. While they do
not formally represent an endorsement or acceptance of
the results at this interim period of the curriculum develop-
ment, and their participation does not imply acceptance by
the societies, boards or agencies, at the completion of the
validation trials, the organizations will review the final
results for endorsement or as a requirement for surgical
training. This project is an effort to provide the stakeholders
with the best scientific evidence upon which to base their
decisions regarding implementation of a fundamental
curriculum to meet their needs, while reducing redundancy,
competition and duplication of effort.

Each consensus conference was conducted over a 2day
period, using a task analysis followed by a modified Delphi
method (6) to achieve consensus on the materials that were
created and accepted by the group. The concepts and criteria
contributed by the members were analysed for commonality
to create a list of critical items in robotic surgery. Previously
published material from a single institution’s curriculum
was used as a template for initial idea generation (7,8). The
individual outcomes measures and curriculum materials
were itemized and votes taken on their importance according
to each participant. This method led to a composite ranking
of outcomes measures which was captured in a draft report.
This report was then circulated to each participant for
his/her private, anonymous deliberation (classic Delphi
method). Following the editing of the comments on the
initial draft, a second classic Delphi round was sent to
each participant, who then submitted a second set of
scores, which were informed by the first composite scores
but anonymous to other group members. This classic
Delphi method led to a higher level of consensus around
the measures and the curriculum. It also identified those
items for which there was little group support. Items with

Table 1. Organizational representation in fundamentals of
robotic surgery

Accreditation Council of Graduate Medical Education (ACGME)
American Association Gynecologic Laparoscopy (AAGL)*
American College of Surgeons (ACS)
American Congress of Obstetrics and-Gynecology (ACOG)
American Academy of Orthopedic Surgeons (AAOA)
American Association of Colo-rectal Surgeons (ASCRS)
American Association of Thoracic Surgeons (AATS)
American Board of Surgery (ABS)
American Urologic Association (AUA)*
Association of Surgical Educators (ASE)
European Urology Association (EUA)
Minimally Invasive Robotic Association (MIRA)†

Society of American Gastrointestinal and Endoscopic Surgeons
(SAGES)*
Society for Robotic Surgery (SRS)
Residency Review Committee (RRC) – Surgery
Royal College of Surgeons-Australia (RCSA)
Royal College of Surgeons-Ireland (RCSI)
Royal College of Surgeons-London (RCSL)
US Department of Defense (DoD)†

US Department of Veterans Health Affairs (VHA)

*Official representative participation.
†Funding organizations.
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little group support were removed from the list of
outcomes measures and from the outline of the curriculum.

The first conference on outcomes measures was attended
by 20 participants, including surgeons, scientists, educators,
representatives of governing and certification organizations
and facilitators. The ranking of the tasks identified was done
by a subset of nine experienced clinical surgeons. Participants
who were not surgeons abstained from the scoring process.

The second conference on curriculum development was
attended by 38 surgeons, scientists, medical educators,
behavioural psychologists, psychometricians and facilita-
tors. This group reviewed and became familiar with the
material from the first conference. Thereupon, they were
divided into three working groups to develop the detailed
information in the curriculum that focused on didactic
and knowledge-based information, psychomotor skills
and team training and communications. At the conclusion
of the three focused workshops, all participants reviewed
the report of the separate workgroups, consolidated the
three sections back into a single curriculum, which was
then deliberated until consensus was reached and then
voted upon. Similarly, the final ranking of the material de-
veloped was limited to experienced surgeons within the
group. The role of the scientists, educators, psychologists
and psychometricians was to ensure that the material
created by the surgeons was structured into effective
and valid educational and testing products.

The products from these meetings will go through a
multi-site validation trial in which subjects are trained

using these materials and the results collected, evaluated
and used to modify the materials as necessary.

Results

The first consensus conference (outcomes measures)
resulted in a list of 25 outcomes measures, which the group
agreed should be the minimal skills needed by a surgeon
seeking to safely perform robotic surgery, regardless of
his/her specialty. These included eight pre-operative, 15
intra-operative and two post-operative skills, which are
shown in Table 2. The resulting documents also provided
detailed definitions, descriptions, errors, outcomes and
metrics for each of these skills [Martino M. Basic skills cur-
riculum for robotic gynecologic surgery (unpublished)].

The second and third consensus conferences (curriculum
development), which focused on actually creating the
curriculum and its content, initially resulted in outlines and
principles for the creation of a curriculum to teach the
previously identified list of skills and knowledge (Table 3)
(9). This document was then expanded into a fully detailed
curriculum by clinical surgeons working in conjunction with
experienced surgical educators, behavioural psychologists,
statisticians and psychometicians. The result was a full life-
cycle curriculum that consists of three components: cognitive
skills, psychomotor skills, and team training and communica-
tion skills.

Table 2. FRS outcomes measures

Pre-operative Intra-operative Post-operative

System settings Energy sources Transition to bedside assistant
Ergonomic positioning Camera control Undocking
Docking Clutching
Robotic trocars Instrument exchange
Operating room set-up Foreign body management
Situation awareness Multi-arm control
Closed-loop communicationss Eye–hand instrument coordination
Response to system errors Wrist articulation

Atraumatic tissue handling
Dissection – fine and blunt
cutting
Needle driving
Suture handling
Knot tying
Safety of operative field

Table 3. FRS curriculum principles

Cognitive Psychomotor skills Team training

Lecture and video Physical test device Interdisciplinary team
Introduction to robotic systems Single integrated device WHO pre-operative checklist
Pre-operative activity 3D working space Robotic-specific communication
Intra-operative activity Based on existing validated tasks Post-operative debriefing
Post-operative activity Affordable design Team crisis response
Each activity includes goals, conditions,
standards, metrics, errors

High fidelity for examination, lower
fidelity for training
Ease and reliability of scoring
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Cognitive skills

The didactic and cognitive (knowledge base) working
group created an outline of the material which should
be taught in lecture format. Since the training was in basic
skills (not surgical procedures), there were no ’steps of
the procedure’ which are traditionally included when
developing a procedure-focused curriculum. This curriculum
included:

1. Introduction to the principles and functionality of
robotic surgical devices.

2. Pre-operative set-up of equipment and positioning of
patient and staff, placement of ports, check lists and
all activities required of the surgeon before sitting at
the robotic console.

3. Intra-operative use of a robot, description of the critical
psychomotor skills, surgeon ergonomics, visual field
control, operative control of the robot, necessary
instruments and supplies. Also included were surgeon
communication skills from the console to the operating
room team (team training).

4. Post-operative steps for shutting down the robot, remov-
ing a robot from the operative field and transitioning the
patient to a gurney.

Each of these included an explicit list of passing criteria
and errors that can occur in the process.

Psychomotor skills

The psychomotor skills working group initiated their work
by defining the seven principles that should be applied in
selecting or designing a psychomotor skills device for
robotic surgery. Those principles were:

1. The tasks should be three-dimensional in nature.
2. The tasks designed for testing should be such that they

have multiple learning objectives that incorporate
multiple skills from the outcomes measures.

3. The skills should be designed to train the full
capability of the robotic system, to include skills and
tasks that are not possible in open or laparoscopic
surgery.

4. Implementation of the tasks and the resultant method
for teaching should not be cost-prohibitive.

5. High-fidelitymodels should be used for testing. Training
can use lower-fidelity devices and methods.

6. Tasks should be easy to administer to ensure inter-rater
reliability (IRR).

7. The tasks should be designed for implementation with
physical objects and devices. The device will be
developed initially in virtual reality (VR) as a CAD/CAM
model, from which the actual physical models will be
‘printed’with stereolithography (the VRmodel objectswill
be identical to the physical objects), creating a training ex-
perience that would be identical in both the virtual and
real world.

The group then identified 16 of the 25 skills that
contained psychomotor features. In order to implement
this psychomotor skills curriculum, 10 tasks were created
for the dome-shaped device, which could be used to train
and measure the 16 skills. Three tasks were drawn from
FLS (with slight modifications); others were selected from
existing educational programmes presented by participants
and found in the published literature (4,7,8), and designs
for new task devices were proposed and debated by the
participating surgeons:

1. FLS peg transfer.
2. FLS suturing and knot tying.
3. FLS pattern cutting.
4. Running suture.
5. Dome with four towers for ambidexterity.
6. Vessel dissection and clipping.
7. Fourth arm retraction and cutting.
8. Energy and mechanical cutting.
9. Docking task (new design).

10. Trocar insertion task (new design).

For each of these, the group also identified the associ-
ated task description, conditions, metrics and errors.
These details can be found in the milestone report of the
event (10).

The group felt that, for ease and simplicity of
implementing the training of the tasks and skills, it was
important for all of these tasks to be performed on a single
integrated device, which could be scored by visual obser-
vation for training, assessment and testing. Incorporated
into the planning was that the design of the device would
permit future adaptation of more sophisticated automated
scoring by an identical device which was either a mechan-
ical or computer-based (VR) version. Toward this end,
they created the initial design for the ’FRS dome’ shown
in Figure 1. Prototypes of this dome have been created
to test the usability and reliability of the device itself
during a pilot study, and the training and assessment
effectiveness of the device will be evaluated during the
multi-institutional validation trials of the FRS curriculum.

Figure 1. FRS dome device design
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Team training and communications

The team training and communications working group
prefaced their work by defining the importance of team
training in a robotic environment. They identified the
following principles as essential to successful team-based
operations and training:

1. Inclusion.
2. Empowerment.
3. Person-specific.
4. Reiterative.
5. ’Just in time’.
6. Ownership.
7. Risk management/quality improvement – closed

loop communication.

They stated that existing programmes, such as
TeamSTEPPS®, can be applied to robotic teams. Their
curriculum follows a checklist format and is conceptually
derived from the standard WHO checklist. For robotic
training they recommended the following checklists:

1. Pre-operative. Addressing general situation, surgeon,
anaesthetist, nurse/OPD, and surgical site infection and
robotic docking, in addition to addressing anaesthesia,
patient, bedside assist, procedure-specific checks and
trouble shooting.

2. Intra-operative. Addressing the communication that
occurs within a team throughout the operation. Special
emphasis was placed upon developing communica-
tion skills for the surgeon and the team once surgery
has begun, because the surgeon has no visual contact
with the remainder of the operating team during the
procedure.

3. Post-operative. Undocking, patient transport and final
debriefing.

Based on these, the groups generated outlines for a
full curriculum to teach these information and communi-
cation skills. Those were then expanded into a full
curriculum by an experienced surgical educator, which
is currently being developed into a publicly accessible
online education system.

Discussion

A consensus conference process, involving members from
major stakeholder organizations in surgical training,
governance and certification across multiple specialties,
was implemented, with the result of a curriculum for the
most important outcome measures for the safe conduct of
robotic surgery. The development of FRS is multi-specialty,
system agnostic and follows decades of experience in other
industries at developing such education, training and
assessment platforms.

This curriculum for training and assessment should be
executed not by a time-based course limited by number
of days, sessions, etc., but rather in a competency-based
fashion, that is, continuing to train until the student’s
learning curve has reached the benchmark values (set by
the mean of the learning curve of experienced surgeons).
With such training and assessment, a learner should be
able to demonstrate proficiency in basic robotic surgery
skills and should be capable of passing the requirements
of high-stakes testing and evaluation that would lead to
his/her certification in technical skills. The current
training programme, which has been designed by and is
taught by the device manufacturer, presents excellent
information and hands-on experience with the equipment.
However, it is a time-based exposure and attendance
programme, with no measurement of the proficiency of
the attendees.

The curriculum, conference reports and associated
artifacts from the process will be transitioned to an
independent, objective, unbiased professional organization
with the mission and capability to develop and administer
testing in a manner that meets requirements for certifica-
tion. The goal of this specific manuscript is to provide a
detailed process and methodology for developing a
curriculum that is template-based, which is easy to use,
flexible to meet the needs of many different specialties,
reduces redundancy and competition and, because of its
modularity, is cost efficient and reduces the time to
develop subsequent curricula.
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Abstract

Background: Objective quantification of surgical skill is imperative as we enter a healthcare environment of
quality improvement and performance-based reimbursement. The gold standard tools are infrequently used due
to time-intensiveness, cost inefficiency, and lack of standard practices. We hypothesized that valid performance
scores of surgical skill can be obtained through crowdsourcing.
Methods: Twelve surgeons of varying robotic surgical experience performed live porcine robot-assisted urinary
bladder closures. Blinded video-recorded performances were scored by expert surgeon graders and by Ama-
zon’s Mechanical Turk crowdsourcing crowd workers using the Global Evaluative Assessment of Robotic
Skills tool assessing five technical skills domains. Seven expert graders and 50 unique Mechanical Turkers
(each paid $0.75/survey) evaluated each video. Global assessment scores were analyzed for correlation and
agreement.
Results: Six hundred Mechanical Turkers completed the surveys in less than 5 hours, while seven surgeon
graders took 14 days. The duration of video clips ranged from 2 to 11 minutes. The correlation coefficient
between the Turkers’ and expert graders’ scores was 0.95 and Cronbach’s Alpha was 0.93. Inter-rater reliability
among the surgeon graders was 0.89.
Conclusion: Crowdsourcing surgical skills assessment yielded rapid inexpensive agreement with global per-
formance scores given by expert surgeon graders. The crowdsourcing method may provide surgical educators
and medical institutions with a boundless number of procedural skills assessors to efficiently quantify technical
skills for use in trainee advancement and hospital quality improvement.

Introduction

The healthcare environment is shifting toward per-
formance-based reimbursement and focusing on quality

improvement. A 2000 study from the Agency for Healthcare
Research and Quality showed that the surgical mortality rate
is among the top 10 causes of death in the United States.1

While not all deaths from surgery were due to technical errors
in this particular report, a different study, which focused on
the role of surgical trainees, showed that 56% of malpractice
claims unearthed errors in the manual technique.2

Recent literature has shown that blinded video assessments
of technical performances among experienced laparoscopic

surgeons directly correlate with patient outcomes.3 Subse-
quently, efforts have been made to adopt methods for eval-
uating technical skill with tools such as GEARS (Global
Evaluative Assessment of Robotic Skills) and GOALS
(Global Objective Assessment of Laparoscopic Skills). Both
are surgical performance scales that have been extensively
validated for use in grading surgical technical skill.4,5 They
are gold standard methods for evaluating surgical perfor-
mances objectively, but are often burdensome and require too
much time and too many resources, yielding these methods
impractical for frequent use. In addition, scaling these
methods to much larger studies is not practical and, in many
cases, not possible.

1University of Washington School of Medicine, Seattle, Washington.
2Department of Mechanical Engineering, University of Minnesota, Minneapolis, Minnesota.
3Stanford University School of Medicine, Palo Alto, California.
4Department of Urology, Madigan Army Medical Center, Tacoma.
5Department of Urology, University of Washington, Seattle, Washington.
6Florida Hospital Nicholson Center, Orlando, Florida.
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Crowdsourcing is the practice of obtaining needed ser-
vices, ideas, or content by soliciting contributions from a
large group of people, especially from the online community
rather than from traditional employees or suppliers.6 The
advent of the Internet has enabled the global labor market
ready to perform various tasks/surveys to help solve prob-
lems. These problems differ widely in scope, yet crowd-
sourcing is a common denominator used in helping to solve
them. Examples include an app used to help solve protein-
folding problems and another to help blind users find their
mobile phone.7,8 In recent studies by Chen et al. and Holst
et al., crowds have been shown to be as effective as ex-
pert surgeons at evaluating surgical technical skill in a dry-
laboratory setting.9,10 Not only did the crowds perform as
effectively as the expert surgeons in providing skill assess-
ment but also the cost efficiency and practicality of use were
all improved with crowd graders compared to expert surgeon
graders. The major limitation of these studies was that the
surgical tasks being assessed were dry-laboratory tasks.
Thus, no real tissue was being manipulated in the study,
leaving questions regarding whether nonexperts can appre-
ciate the subtlety of real surgery. In this study, we hypothe-
size that crowdsourcing can be used to obtain valid
performance grading of surgical technical skill on real, living
viable tissue.

Materials and Methods

After IRB approval, two groups of reviewers were re-
cruited for this study. Representing the crowd were Ama-
zon’s Mechanical Turk� users. These users are anonymous
crowd workers from diverse backgrounds who complete

small tasks for remuneration on a Mechanical Turk website,
and the recruiting process was completed through this web-
site. The second group consisted of expert faculty surgery
graders, recruited through email. Six hundred prequalified
Mechanical Turkers� were recruited for the study (Fig. 1).
Crowd workers must have met criteria as described by Chen
et al. to qualify for the study, including having previously
completed 100 or more Human Intelligence Tasks (HITs),
and they must have achieved a greater than 95% approval
rating as qualified by the Mechanical Turk at the time of the
study.9 A HIT is simply shorthand for a single task, which is
hosted on the Mechanical Turk interface. The crowd work-
ers’ identities are anonymous and users can only be identified
by unique user ID codes generated by the website. Gender,
age, sex, and ethnicity were not available to the authors for
this study. Each crowd worker was compensated 0.75 USD
for assessing an individual performance. Seven experienced
robotic surgeons, each of whom rated all videos once, made
up the expert group. All the surgeons are part of practices in
which minimally invasive surgery is the primary technique
and they all had previous experience evaluating videos of
surgical performance. The surgeon group was not compen-
sated for participating in this study.

An online survey was developed and hosted on a secure
server accessible only by recruited Mechanical Turk users.
The survey contained an initial qualification question in
which the crowd reviewers were shown two videos, displayed
side by side, of a pair of surgeons performing a Robotic
Fundamentals of Laparoscopic Surgery (RFLS) block trans-
fer task (Fig. 2). The video on the left side of the screen
showed a surgeon performing the tasks with a high level of
proficiency compared to the video on the right side of the

FIG. 1. Flowchart showing the
breakdown of included Mechanical
Turk� graders randomly assigned to
each of the 12 videos.
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screen, which showed a surgeon performing the task with an
intermediate level of proficiency. These proficiency levels
are based on published metric benchmarks for this particular
task.11,12 Crowd workers were asked to pick the video with
the higher level of proficiency, prompting exclusion of those
who answered incorrectly from the data analysis. Those ex-
cluded from the analysis were still remunerated. In addition,
embedded in the survey was an attention question, which was
designed so that only users who were actively paying atten-
tion to the survey would be able to correctly answer the
question. Any crowd workers who answered the question
incorrectly were screened out of the study and excluded from
analysis (Fig. 1).

As part of the survey, we obtained recorded videos of 12
different surgeons of varying skill levels performing live
porcine robot-assisted urinary bladder closures (Fig. 3). No
identifying information of the surgeons performing the
bladder closures was present in the videos. The length of the
videos ranged between 2 and 11 minutes, with the average
length being 4 hours 30 minutes. The videos were uploaded to
the online survey, and evaluators were asked to evaluate the
videos across five GEARS domains—bimanual dexterity,
depth perception, efficiency, force sensitivity, and robotic

control (Fig. 4). GEARS is an already validated tool used to
assess robotic surgery.13 Fifty unique Mechanical Turk
crowd workers and seven expert surgeons evaluated each
video based on the five GEARS domains. Crowd workers
were only allowed to assess each performance once, but
could assess more than one video if they chose to. The reason
for having 50 crowd workers grade each video as opposed to
larger or smaller numbers was based on a previous internal
analysis of data (Chen et al.), which found 30–50 crowd re-
sponses sufficient to achieve satisfactory agreement with
expert grades.9

Each grader’s Likert ratings across each of the five
GEARS domains were summed to acquire composite per-
formance scores for each video. This yielded a composite
score scale of 5–25. Means of the crowd composite scores
were assessed for concordance using Cronbach’s Alpha sta-
tistic (Table 1). Cronbach’s Alpha scores above 0.9 indicate
excellent agreement, scores from 0.9 to 0.7 indicate good
agreement, and scores below 0.5 indicate poor and unac-
ceptable levels of agreement.14

Results

After excluding crowd workers who failed the attention or
discrimination question, we were left with valid scores tfrom
487 of 600 Mechanical Turk crowd workers (Fig. 1). It took 4
hours 28 minutes to receive all crowd worker grades for the 12
videos. In comparison, it took 14 days to receive grades from all
seven expert surgeons. Composite scores given by both the
crowds and experts are shown in Table 1. Concordance between
the surgeons and crowd was 0.93 using Cronbach’s Alpha sta-
tistic, which indicates excellent agreement (Table 1). The linear
relationship between the surgeon grades and crowd grades is
shown in Figure 5. The R2 value is 0.91. Standard error is shown
in Figure 6.

Discussion

The current gold standard, an OSATS (Objective Struc-
tured Assessment of Technical Skills)-like method for
objectively assessing surgical skill, continues to be under-
utilized due to cost, resource intensiveness, and the lag-time
for return of results. Feedback is most effective if given im-
mediately or near real time; therefore, existing OSATS
practices tend to be deficient outside an academic research
project.15 Due to the significant variability in the absence of
an agreement workshop and mentor bandwidth precluding

FIG. 2. Robotic funda-
mentals of the laparoscopic
surgery (RFLS) block trans-
fer task side by side video
used to screen subjects.

FIG. 3. Image from one of the suturing performances that
was graded by both expert surgeons and Amazon’s Me-
chanical Turk crowd.
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frequent iterative trainee objective technical skills assess-
ment, alternative methods to assist in these goals are required.
In addition, video reviews may not be as objective when
performed by reviewers who are within the same institution
as the trainees.16

In Holst et al. and Chen et al., it was noted that a Crowd-
sourced Assessment of Technical Skills (C-SATS) was not
designed to replace one on one instruction and evaluation in
the setting of residency training, but may provide an adjunct
method of providing quick feedback and identifying trainees
who are deficient in one area of training. Traditional methods

of instruction and feedback are invaluable because they offer
content expertise and transfer information about the nuances
of surgery that could not be yielded by crowds; however, C-
SATS may have a role in rapidly triaging trainees with de-
ficiencies and allowing mentors to target valuable training
resources to these deficiencies, as opposed to teaching all
trainees with the same curricula. Feedback from crowds may
be obtained rapidly enough to provide this guidance between
surgical cases or between days in the operating room.

C-SATS has been used in a residency training environ-
ment, which is ideally suited to this method because of the

FIG. 4. The five Global
Evaluative Assessment of
Robotic Skills (GEARS)
domains that were used to
score the videos. Composite
scores of the five domains
were used to compare sur-
geon vs Turker grading.

Table 1. Summary of Grades Assigned to Each of the 12 Video Performances

Mechanical Turk� graders Surgeon graders

Initial, N Qualified, N C-SATS mean (SD) 95% CI Number of graders, N C-SATS mean (SD) 95% CI

Video 1 50 37 21.49 (3.42) – 1.10 7 18.71 (1.67) – 2.99
Video 2 50 41 20.95 (3.81) – 1.17 7 18.00 (3.39) – 2.96
Video 3 50 39 20.36 (3.51) – 1.10 7 16.57 (5.39) – 3.57
Video 4 50 43 18.02 (4.69) – 1.40 7 15.85 (3.21) – 3.01
Video 5 50 45 20.29 (3.28) – 0.96 7 17.85 (5.10) – 3.91
Video 6 50 35 20.37 (3.56) – 1.18 7 18.14 (3.85) – 2.58
Video 7 50 42 20.02 (4.04) – 1.22 7 16.29 (5.72) – 3.82
Video 8 50 42 21.45 (2.74) – 0.83 7 17.85 (3.59) – 2.07
Video 9 50 41 15.10 (4.87) – 1.49 7 10.71 (1.92) – 2.52
Video 10 50 40 17.13 (3.78 – 1.17 7 11.57 (2.05) – 2.49
Video 11 50 36 18.47 (4.84) – 1.58 7 14.57 (2.88) – 1.76
Video 12 50 46 15.48 (4.43) – 1.28 7 9.00 (1.67) – 1.47
Cronbach’s Alpha 0.93

C-SATS = Crowd-sourced Assessment of Technical Skills; SD = standard deviation; CI = confidence interval.
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controlled learner-centered nature of residency. Holst et al.
showed that crowds can identify differences in urology res-
ident training levels and that crowdsourcing is a practical
effective way of providing feedback in near real time.10 The
major limitation of that study, however, was that all tasks
evaluated were dry-laboratory tasks. In a setting of resident
work-hour restrictions, surgical trainees are spending more
time in simulation laboratories to refine their technical skills,
and thus, it is important that crowds can evaluate these dry-
laboratory tasks quickly; however, it is vital to prove that
crowds can also judge technical skill being performed on live
tissue as opposed to dry-laboratory materials. Animate sur-
gery better approximates real human surgery; thus, our hy-
pothesis needed to be tested in this environment as a next step
in validating C-SATS. With no knowledge of relevant anat-
omy, crowds provided extremely rapid and accurate feedback
in comparison to expert graders.

A limitation of this study is that only one type of live-tissue
performance was assessed and the surgery was still in a
controlled environment through a porcine laboratory. In ad-
dition, all videos assessed were relatively short (averaging
under 5 minutes in length). It remains to be seen if crowd
evaluators can continue to provide effective grading across a
range of live-tissue surgeries with varying lengths. Future
studies aim to include videos across a range of surgical ap-

proaches, such as laparoscopic and open surgeries. While
additional validation is needed before C-SATS is embedded
into training centers, evidence that crowds can evaluate live-
tissue surgery adds to the growing body of literature for the
value of this adjunctive objective assessment tool.

Another limitation to this study is that the performances
assessed were from a wide range of surgical skill levels
from robotic faculty to novice trainees. Thus, the skill
effect-size may have been disparate enough for lay people
to easily see differences. It is arguable that if the cohort of
performers were of more similar skill levels, it would re-
quire expert observers to discriminate the smaller technical
skills differences. Resident training environments where
the skills of the trainees vary significantly are ideally
suited for using this methodology. Additional studies will
be needed to test C-SATS on cohorts of surgeons who have
similar skills.

Conclusion

We demonstrate that crowdsourcing basic surgical skills of
animate surgery compares favorably to a panel of expert
surgeon assessors and is faster than the experts—providing
large-volume feedback in a matter of hours. Utilizing
crowdsourcing as a means to assess technical surgical skills
provides an inexpensive, scalable, rapid, and effective way to
evaluate live-tissue procedures, paving the way for further
validation in human surgery. Ultimately, C-SATS assess-
ments will need to be linked to clinical outcomes to gain
confidence that presumably nonmedically trained crowds of
people can accurately ascribe surgical skill.
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Abstract In pursuit of improving the quality of residents’

education, the Southeastern Section of the American Uro-

logical Association (SES AUA) hosts an annual robotic

training course for its residents. The workshop involves

performing a robotic live porcine nephrectomy as well as

virtual reality robotic training modules. The aim of this

study was to evaluate workload levels of urology residents

when performing a live porcine nephrectomy and the virtual

reality robotic surgery training modules employed during

this workshop. Twenty-one residents from 14 SES AUA

programs participated in 2015. On the first-day residents

were taught with didactic lectures by faculty. On the second

day, trainees were divided into two groups. Half were asked

to perform training modules of the Mimic da Vinci-Trainer

(MdVT, Mimic Technologies, Inc., Seattle, WA, USA) for

4 h, while the other half performed nephrectomy proce-

dures on a live porcine model using the da Vinci Si robot

(Intuitive Surgical Inc., Sunnyvale, CA, USA). After the

first 4 h the groups changed places for another 4-h session.

All trainees were asked to complete the NASA-TLX 1-page

questionnaire following both the MdVT simulation and live

animal model sessions. A significant interface and TLX

interaction was observed. The interface by TLX interaction

was further analyzed to determine whether the scores of

each of the six TLX scales varied across the two interfaces.

The means of the TLX scores observed at the two interfaces

were similar. The only significant difference was observed

for frustration, which was significantly higher at the simu-

lation than the animal model, t (20) = 4.12, p = 0.001.

This could be due to trainees’ familiarity with live

anatomical structures over skill set simulations which

remain a real challenge to novice surgeons. Another reason

might be that the simulator provides performance metrics

for specific performance traits as well as composite scores

for entire exercises. Novice trainees experienced substantial

mental workload while performing tasks on both the sim-

ulator and the live animal model during the robotics course.

The NASA-TLX profiles demonstrated that the live animal

model and the MdVT were similar in difficulty, as indicated

by their comparable workload profiles.

Keywords Robotic surgery training � Mental workload �
NASA Task Load Index

Introduction

Robotic-assisted urologic surgery is predicted to continue

to grow in usage in the coming years, and residents trained

in urology will increasingly be expected to be proficient in
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robotic surgery [1]. The complexity of robotic technology,

its steep learning curve, and work-hour limitation of resi-

dent trainees make incorporating robotic training into res-

idency a challenging task. Experts suggest that learning as

a bedside assistant for robotic surgery has a rapid plateau;

many programs are now utilizing physician assistants and

surgical technicians for bedside duties to free the residents

for console training [2]. In high volume programs it

remains difficult for residents to gain hands-on console

time due to their insufficient skill set and the complexity of

most procedures.

Robotic simulation training tools can, therefore, be uti-

lized by novice trainees to shorten the learning curve and

improve operative skills in a low-risk environment. In

pursuit of improving the quality of residents’ education, the

Southeastern Section of the American Urological Associ-

ation (SES AUA) hosts an annual robotic training course

for its residents. This workshop involves training of basic

laparoscopic surgery skills using virtual reality training

modules of the Mimic da Vinci-Trainer (MdVT, Mimic

Technologies, Inc., Seattle WA, USA) as well as training

on performing a nephrectomy using a live porcine model.

For simulation training to be successful, it is essential that

it (1) practices the relevant skills and (2) matches the level

of difficulty (workload demand) similar to the demands

experienced in the ‘‘real’’ procedure. Thus, the goal for the

present study was to assess whether the workload demands

experienced in the virtual simulation training environment,

which trains basic robotic surgery skills, match those

experienced in when performing the live nephrectomy

using a porcine model.

Materials and methods

Select residents from each of the 14 training programs of

SES AUA were invited to Orlando, FL, for a 2-day robotics

training course. Up to 3 residents were invited from each

training program, and 21 participated in the training course.

This cohort of residents represented a wider range of

training and diversity in experience than in previous

courses, being exposed to robotic surgery early at their

home institutions. Volunteer faculty were recruited from

SES AUA training programs.

The 2015 annual SES AUA robotics training workshop,

which is outlined in more detail below, involved training

nephrectomy on a porcine model as well as training on the

MdVT trainer. Participants’ workload we assessed at both

interfaces (MdVT and live porcine model) using the NASA

Task Load Index (NASA-TLX). The NASA-TLX assesses

workload along six dimensions: mental demand, physical

demand, temporal demand, performance, effort, and frus-

tration [3]. Each is measured on a 21-point scale; scores

can range between 0 (‘‘Very Low’’) and 100 (‘‘Very

High’’), see ‘‘Appendix 2’’.

The SES AUA robotics course is outlined below [4].

Robotic course day 1

A full didactic session was broken into three components.

Component 1 covered the basics of robotic surgery

including room set-up, bedside assistance, and console

essentials. Component 2 covered several aspects of robotic

kidney surgery including patient positioning, port place-

ment, and surgical techniques. Component 3 focused on

robotic prostate surgery including port placement and dif-

ferent surgical techniques. Didactics were supplemented

with surgical videos and discussions of difficult surgical

scenarios and possible complications.

Robotic course day 2

The trainees were divided into two groups. Half were asked

to perform skill tasks on the Mimic da Vinci-Trainer

(MdVT, Mimic Technologies, Inc., Seattle, WA, U.S.A)

for 4 h using the dV trainer (version 2) while the other half

performed set tasks in a live nephrectomy on porcine

model using the da Vinci Si robot (Intuitive Surgical Inc.,

Sunnyvale, CA). After 4 h the groups changed places for

another 4-h session.

Simulation section

In the 4-h MdVT simulation session, trainees were first

given a tutorial of the console and its functionality. The

trainees then proceeded to complete five exercises with

increasing difficulty and required skills. The first exercise,

‘‘pick and place’’, involved simple movements of rings

from one pole to another and is used to orient the trainee to

the simulator. The second exercise, ‘‘peg board’’ is more

advanced and required the trainee to clutch hand instru-

ments while moving the camera, which involves coordi-

nated hand and foot movements. The third exercise, ‘‘ring

walk’’, involved moving a ring over a curvy bar without

touching the bar with any portion of the ring. This drill

requires all the above skills as well as maintaining

awareness and accuracy with the ring position at all time.

The fourth exercise, ‘‘thread the rings’’, involves passing a

curved needle through rings positioned at different angles

without touching the ring with any part of the needle. This

drill teaches trainees good suturing technique. The last

exercise, ‘‘tubes 2’’, is the most challenging and realistic.

This drill is designed to replicate performing an

urethrovesical anastomosis. It utilizes all of the above skills

including accuracy, coordination, and sufficient needle

control.
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Animal training section

In the 4-h porcine model live surgery session, all trainees

spent 1 h performing cystostomies and cystorrhaphies.

They then spent 30 min practicing port insertion and robot

docking. Finally, for 2.5 h, trainees conducted a bilateral

nephrectomy which included artery, vein, kidney and

ureter dissections and ligation.

Questionnaire

All trainees were asked to complete the NASA-TLX

1-page questionnaire following both the MdVT simulation

and live animal model sessions.

Results

Twenty-one residents from 14 programs in the SES AUA

participated in this course. Seventeen (80.9 %) had used a

console during an actual surgical case, while four did not.

The distribution of the different levels of training among

the residents is shown in Fig. 1. Unlike previous years’

courses when only senior or chief residents participated,

this course included more junior residents. This reflects a

shift toward early exposure to robotic surgery during

urology training in most academic programs. The number

of robotic surgeries performed or assisted by residents at

different levels of training is shown in Fig. 2. Trainees’

satisfaction with their program robotic surgery training was

assessed (Fig. 3). Of the 17 residents who performed actual

robotic surgery, 7 (41.2 %) stated that the simulator

replicates real-life robotic surgery, while 10 (58.8 %) sta-

ted that it did not.

The NASA-TLX scores were converted to a 0–100 scale

with 5-point increments. The raw TLX method was

employed to eliminate the weighting process of the dif-

ferent TLX scales. To assess the NASA-TLX data at two

interfaces (simulator vs. animal model) for the different

levels of training (year of residency), a 4 (training

level) 9 2 (interface) 9 6 (TLX scales) mixed ANOVA

was computed. The Greenhouse-Geisser correction was

used to correct for violations of the sphericity assumption.

The ANOVA indicated a significant main effect for TLX

scales, F (3.91, 66.44) = 4.93, p = 0.002, gpartial = 0.225,

as well as a significant interface by TLX scales interaction,

F (3.73, 63.42) = 3.73, p = 0.016, gpartial = 0.166). None

of the other main effects and interactions were significant.

To further analyze the TLX main effects, Bonferroni-cor-

rected repeated-measures t tests were computed to deter-

mine which TLX scales differed significantly from each

other; type-I error rate per comparison was set to 0.003.

Means of the TLX scales are presented in Fig. 4. As can be

seen from Fig. 4, effort resulted in the highest score. The

Bonferroni-corrected t-tests indicated that mental demand

was significantly higher than physical demand

[t (20) = 4.05, p = 0.001] and then frustration
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[t (20) = 3.52, p = 0.002]. Further, temporal demand was

significantly higher than physical demand [t (20) = 2.90,

p = 0.009] and effort was significantly higher than physi-

cal demand [t (20) = 6.52, p\ 0.001)], temporal demand

[t (20) = 5.12, p\ 0.001], performance [t (20) = 5.15,

p\ 0.001], and frustration [t (20) = 6.90, p\ 0.001].

The analysis of the interface by TLX interaction was

further analyzed to determine whether the scores of each of

the six TLX scales varied across the two interfaces. On that

end, Bonferroni-corrected repeated-measures t tests were

computed; type-I error rate per comparison was set at

a = 0.008. The means of the TLX scores observed at the

two interfaces are in Fig. 5. The only significance was

observed for frustration, which was significantly higher at

the simulation than the animal model, t (20) = 4.12,

p = 0.001.

Discussion

Robotic surgery is increasing in popularity in the field of

urology due to its minimal invasiveness, reduced risk of

complications, and shortened hospital stay. This growing

trend is evident in our results. The majority of the trainees

this year (80 %) reported live console exposure. In contrast

with a similar survey conducted in 2013 in a group of SES

AUA trainees, only 56.9 % of the trainees that year

reported having had robotic console time [4]. During the

2014 annual training course 92 % of the trainees reported

performing live robotic surgery at their home institution

[5]. Despite these increasing numbers, there is a lack of

standardization and certification process for urology resi-

dents in robotic surgery. Furthermore, there is no stan-

dardized training protocol for residents learning robotic

surgery across the various training programs. Gover et al.

suggested a threshold of 25–30 cases for a novice surgeon

to begin to operate the foot pedals and controls safely and

intuitively [6]. Only 4 (19 %) of our trainees reported

having performed more than 25 cases.

Robotic surgery simulators have been proposed to nar-

row the gap of novice trainees’ skill levels [7]. Such sim-

ulators can help establish the basics of important operative

skills such as eye–hand–foot coordination and using the

console controls and foot pedals. Our program chose to use

the MdVT simulator for training. The Mimic da Vinci-

Trainer (MdVT, Mimic Technologies, Inc., Seattle, WA,

and USA) is one of the most established virtual robotic

surgical simulators today. Previous research indicated that

training on the MdVT resulted in superior surgical per-

formance compared to solely training on the real da Vinci

surgical system (Intuitive Surgical Inc., Sunnyvale, CA)

when taking a robotic skills assessment using the real da

Vinci system [9].

The goal for the present study was to determine whether

performance of the robotic surgery simulator tasks employed

by the training course of the SES AUA matches the workload

demands when performing a real robotic surgery. Towards

that end, a porcine nephrectomy was employed. Thus, the

results of the present study indicate that the simulation

exercises employed by SES AUA generally induce similar

workload demands to those experienced when performing a

live porcine nephrectomy, indicating that the simulation

exercises are not too easy. Specifically, the results indicated

that mental demand and effort were major contributors of

workload across both surgical interfaces. Further, the
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different workload dimensions did not significantly differ

across the two surgical interfaces, with the exception of

frustration. Significantly higher frustration levels were

observed at the simulation than the animal. Higher frustra-

tion might be due to trainees being more familiar with alive

anatomical structures than the simulation exercises. Another

potential reason for the simulation to induce higher frustra-

tion levels than the animal is that the simulator provides

metrics for specific performance traits, as well as a composite

performance score [7]. In addition to the objective metrics,

the MdVT simulator defines thresholds which indicate

whether the trainee’s score is considered a ‘‘passing’’ or

‘‘failing’’ performance with acceptable and warning scoring

levels, respectively [7]. Conversely, the animal hands-on

part did not have objective metric parameters to assess the

skill set of trainees in robotic surgery. The faculty of the

course subjectively evaluated the proficiency levels of resi-

dents when they performed the porcine nephrectomy. Fur-

thermore, the timeframe for every trainee was limited at the

robotic console when performing the nephrectomy when

compared to the simulation.

However, though training on the MdVT simulator, has

been validated [8], its use is not without limitations. There

is an initial purchasing cost which ranges from $85,000 to

$100,000. These are added costs of annual maintenance

fees. There are currently no urology specific procedure

modules or simulation drills available but only general

surgical skill tasks like the ones used during the SES AUA

training course. This limitation could hinder a rapid

learning plateau and might not translate to better operative

skills without supplementing with real live surgery console

time. Therefore, work on more realistic 3D case simula-

tions to advance clinical decision-making and procedural

knowledge is currently in progress. The animal lab used for

the course in this analysis cost roughly $1,900/h for the

animal models, pharmaceuticals, veterinary support,

robotic equipment with instruments, PPE, and the specially

equipped facility. Other sites have reported $500/h, but this

only includes the cost of the animal model, not the entire

package of services and equipment [10]. It also lacks

realistic human anatomy and might provide a false sense of

security which could lead to harming a patient [11]. Future

work should be invested in developing urology-specific

training modules such as radical prostatectomy and partial

nephrectomy simulations. The existing application only

hones skills used in general robotic surgery and is not

necessarily reflective of skills needed to perform urologic

robotic surgery.

Educators and companies have yet to determine the best

model to use for teaching robotic surgery. Many factors

must be taken into consideration including the cost,

availability of expert faculty, legal responsibility on such

supervising faculty, risk to patients, and the additional

workload on trainees.

These results of the present study, combined with pre-

vious and future SES AUA training course results, can

significantly enhance our efforts to establish a standardized

robotic surgery training program that is cost-effective,

practical, and of the highest quality. Encouraging the

development of urology-specific robotic training tools in

simulation will also aid in reaching our goal. Some limi-

tations of this analysis include its regional focus and lim-

ited sample size. It surveyed a limited number of trainees

from the SES AUA and is not representative of trainees

across the country. The analysis also did not assess the

methods each program uses for robotic training. Upon

completion of the residency program, many urologists

recognize the effort and learing curve involved in acquiring

robotic surgery skills and arrive at a consensus that training

and proficiency in robotic surgery are necessary during

residency [9]. Future direction for this project includes

compiling detailed accounts of trainees’ exposures at their

home institutes. Such analysis combined with future per-

formance scores and trainees’ subjective opinions could

lead to identifying the most effective methods of training.

Work is currently in progress to improve the current

robotic training methods.

Conclusions

Trainees experienced similar levels of workload when

performing the virtual reality training modules and when

performing a live porcine nephrectomy, indicating that the

MdVT virtual reality training modules employed by SES

AUA workshop have adequate difficulty.
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Abstract

Background The implementation of robotic technology in

minimally invasive surgery has led to the need to develop

more efficient and effective training methods, as well as

assessment and skill maintenance tools for surgical edu-

cation. Multiple simulators and procedures are available for

educational and training purposes. A need for comparative

evaluations of these simulators exists to aid users in

selecting an appropriate device for their purposes.

Methods We conducted an objective review and com-

parison of the design and capabilities of all dedicated sim-

ulators of the da Vinci robot, the da Vinci Skill Simulator

(DVSS) (Intuitive Surgical Inc., Sunnyvale, CA, USA), dV-

Trainer (dVT) (Mimic Technologies Inc., Seattle, WA,

USA), and Robotic Surgery Simulator (RoSS) (Simulated

Surgical Skills, LLC, Williamsville, NY, USA). This pro-

vides base specifications of the hardware and software, with

an emphasis on the training capabilities of each system.

Results Each simulator contains a large number of training

exercises, DVSS = 40, dVT = 65, and RoSS = 52 for

skills development. All three offer 3D visual images but use

different display technologies. The DVSS leverages the real

robotic surgeon’s console to provide visualization, hand

controls, and foot pedals. The dVT and RoSS created sim-

ulated versions of all of these control systems. They include

systems management services which allow instructors to

collect, export, and analyze the scores of students using the

simulators.

Conclusions This study is the first to provide comparative

information of the three simulators functional capabilities

with an emphasis on their educational skills. They offer

unique advantages and capabilities in training robotic sur-

geons. Each device has been the subject of multiple validation

experiments which have been published in the literature. But

those do not provide specific details on the capabilities of the

simulators which are necessary for an understanding sufficient

to select the one best suited for an organization’s needs.

Keywords Robotic surgery � Robotic simulator �
Training � Education � Comparative analysis

For every complex and expensive system, there emerges a

need for training devices and scenarios which will assist new

learners in mastering the use of the device and understand-

ing how to apply it with value. In laparoscopic surgery,

simulators have played an important role in improving the

practice of surgery over the last 20 years [1, 2]. The same

trends and values will likely apply to robotic surgery with

the increased use of robotic technology for a growing variety

of minimally invasive surgical procedures. The complexity,

criticality, and cost associated with the effective application

of the da Vinci surgical robot have stimulated the com-

mercial creation of simulators, which replicate the opera-

tions of this robot. The objective of this paper was to provide
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comparative data on the functionality of the three com-

mercially available robotic simulators as shown in Fig. 1:

• da Vinci Skill Simulator (Intuitive Surgical Inc.,

Sunnyvale, CA, USA);

• dV-Trainer (Mimic Technologies, Inc., Seattle, WA,

USA); and

• RoSS (Simulated Surgical Skills LLC, Williamsville,

NY, USA).

Each of these possesses unique traits which make them

valuable solutions for different types of users and learning

environments. This report is on the first of a three part

comparative analysis of these devices. The first examines

the functionality of each of the simulators and illustrates

these capabilities side-by-side for ease of evaluation by

potential users of each device. The second is a subjective

usability evaluation of the simulators on similar exercises

by novice (medical students), intermediate (residents and

fellows), and expert (attending surgeons) subjects. The

third is measure of the degree to which each simulator

improves the actual robotic skills of a subject who is

engaged in a two months training program with the device.

This paper presents the results of the first study defining the

functionality of the devices.

Materials and methods

Our department purchased each of the simulator devices

which are being evaluated in these studies. This allowed us

to objectively evaluate and comment on each device

without undue influence from the manufacturers. Each

simulator company was aware of the comparison project

and provided information on their device in response to

queries by our researchers, as noted below. We began by

reviewing the users’ manuals for the devices to collect

details about each system [3–5]. We then interviewed

representatives of each of the manufacturing companies for

additional functional details. Finally, we performed our

own experiments with each device to identify important

comparative features across all devices.

We conducted a systematic literature review of all three

simulators. The PubMed database of medical research was

searched for all references to the devices through March

2013. References from retrieved articles were reviewed to

broaden the search. The data extracted from these studies

include training exercise modules, scoring systems, costs,

educational impact, and validation methods. We identified

45 studies investigating simulation in robotic surgery.

Finally, we submitted our comparative data on the sys-

tems to the manufacturers of the devices to verify the

accuracy of the information. Each company verified that

the data presented in this analysis were accurate.

Results

Each of these devices is manufactured by a different com-

pany and provides a unique hardware and software solution

for training and surgical rehearsal. The general features and

capabilities of each are summarized in Table 1.

Fig. 1 Simulators of the da Vinci surgical robot
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Features and capabilities

Da Vinci Skill Simulator (DVSS) (Intuitive Surgical Inc.)

The DVSS consists of a customized computer package that

attaches to the back of the surgeon’s console of an actual da

Vinci Si robot. This simulator connects to the surgeon’s

console via a single fiber optic networking cable identical

to that used to connect the components of the actual robotic

surgical system.

Advantages

Attached simulators of this type are usually referred to as

‘‘embedded trainers’’ because they take advantage of the

equipment that has already been constructed, purchased, and

installed for the use of the real system. These kinds of sim-

ulators are especially common in military facilities which

face limited space and weight constraints. They can signifi-

cantly reduce the hardware that must be purchased solely for

simulation purposes. The U.S. Navy uses these kinds of

Table 1 Robotic simulator feature comparison

Features DVSS dV-Trainer RoSS

System manufacturer Intuitive Surgical Inc. Mimic Technologies Inc. Simulated Surgical Systems LLC

Specifications

(simulator only)

Depth 700 Depth 3600 Depth 4400

Height 2500 Height 2600 Height 7700

Width 2300 Width 4400 Width 4500

120 or 240 V power 120 or 240 V power 120 or 240 V power

Specifications

(complete system as

shown in Fig. 1)

Depth 4100 Depth 3600 Depth 4400

Height 6500 Height 5900 Height 7700

Width 4000 Width 5400 Width 4500

120 or 240 V power 120 or 240 V power 120 or 240 V power

Visual resolution VGA 1,024 9 768 VGA 1,024 9 768 VGA 640 9 480

Components Customized computer attached to

da Vinci surgical console

Standard PC, visual system with hand

controls, foot pedals

Single integrated custom

simulation device

Support equipment da Vinci Si surgical console,

custom data cable

Adjustable table, touch screen monitor,

keyboard, mouse, protective cover, custom

shipping container

USB adapter, keyboard, mouse

Exercises 40 simulation exercises 65 simulation exercises 52 simulation exercises

Optional software PC-based simulation management Mshare curriculum sharing web site Video and haptics-based

procedure exercises (HoST)

Scoring method Scaled 0–100 % with passing

thresholds in multiple skill areas

Proficiency-based point system with passing

thresholds in multiple skill areas

Point system with passing

thresholds in multiple skill

areas

Student data

management

Custom control application for

external PC. Export via USB

memory stick

Export student data to delimited data file and

graphical reports

Export student data to delimited

data file

Curriculum

customization

None Select any combination of exercises. Set

passing thresholds and conditions

Select specifically grouped

exercises. Set passing

thresholds

Administrator

functions

Create student accounts on

external PC. Import via USB

memory stick

Create student accounts. Customize

curriculum

Create student accounts.

Customize curriculum

System setup None Calibrate controls Calibrate controls

System security Student account ID and password PC password, Administrator password,

Student account ID, and password

PC password, Administrator

password, student account ID,

and password

Simulator base price $85,000 $99,200 $126,000

Support equipment

price

$500,000 $9,800 $0

Total functional price $585,000 $109,000 $126,000

Data are for simulator configurations available as of December 2013
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simulators aboard ships to reduce weight and space

requirements, enabling them to train, while the ship is at sea.

Another significant advantage of an attached simulator

is that it allows the trainee to use the actual controls from

the real system to drive the simulator. This ensures that the

training experience is almost identical in feel to the real

system, which can contribute to higher transfer of skills

from the training sessions to the real system. Additionally,

this minimizes the amount of time spent for learning the

unique functionalities of the simulator device and allows

the trainee to focus the majority of his/her learning expe-

rience on skills acquisition and proficiency development.

Finally, there is the cost advantage for the simulator device

itself. Because much of the hardware and software

expenses are already embedded in the real system, the

simulator can be very economical to purchase.

Disadvantages

Attached simulators like the DVSS also come with inherent

disadvantages to balance their positive traits.

The largest drawback is the availability and accessibility of

a simulator which requires the real robotic system. An

attached DVSS simulator cannot be used without access to an

actual surgeon’s console and therefore is only functional when

the robotic system is not in surgery. This implies that the

trainee would only be able to use the simulator outside of

normal operating room working hours and would need

logistical access to the robot and the simulator. da Vinci robots

are expensive devices and hospitals typically attempt to

maximize use of in order to recoup their investment. In a very

active surgical hospital, it can be difficult to obtain access to a

surgeon’s console to support training with this simulator.

The DVSS is designed to connect to the surgeon’s

console using the same networking cable that connects the

major robotic components. This makes the attachment and

set-up process very easy for clinicians to master. However,

it also means that the DVSS can only be used with the Si

model surgeon’s console. The previous S and Standard

models use a different set of cables, which are not com-

patible with the simulator.

Similar to the military’s experience with embedded and

attached simulators, heavy usage of the DVSS comes with

a corresponding heavy use of the surgeon’s console. The

Army and Navy have discovered that these types of sim-

ulators put more usage hours on real equipment controls

which lead to more maintenance costs for those devices.

Given the possibility of regular and continuous simulation

training with such device, in addition to actual surgical

usage, the real equipment may experience usage rates that

are many times higher than normal for the equipment.

Since the da Vinci systems operate under a maintenance

contract that covers most service costs, the additional costs

of maintenance are not born by the hospital owner but by

the equipment vendor. The primary impact to the owner

would only be in availability for both real surgeries and

training events due to increased maintenance.

dV-Trainer (Mimic Technologies Inc.)

The dV-Trainer is a separate, stand-alone simulator of the da

Vinci robot. The surgeon’s console, controls, and vision cart

are mimicked in hardware, while a 3D software model repli-

cates the functions of the robotic arms and the surgical space.

Mimic Technologies also developed the core simulator

software for the DVSS and used the same package in

version 1.0 of their own dV-Trainer. As a result, the

exercises in the DVSS and version 1.0 of the dV-Trainer

are nearly identical. The current version 2.2 of the dV-

Trainer has a number of new exercises which are not found

in the DVSS, and the graphics have been upgraded so the

visual presentation is no longer identical. The differences

in visual presentation can be seen in Fig. 3 and 4.

The dV-Trainer consists of three major pieces of

equipment and a number of smaller support pieces. The

largest pieces are the ‘‘Phantom’’ hood which replicates the

vision and hand controls of the da Vinci surgeon’s console,

the foot pedals of the surgeon’s console, and a high-per-

formance desktop computer which generates the 3D ima-

ges and calculates the interactions with the surgeon’s

controls. Smaller support equipment includes a touch

screen monitor, keyboard, and mouse to enable an

instructor to guide the student through exercises and allow

an administrator to manage the data that are collected.

Because the dV-Trainer replicates both the hardware

and software of the da Vinci robot, it is a much larger

system than the DVSS alone, though smaller than a real

surgeon’s console with the DVSS attached. It has the

advantage of providing a training system that is completely

independent of the need for any piece of the real surgical

robot. The simulator can be configured to imitate either the

S or the Si model of the da Vinci robot.

The disadvantage of this kind of system is that the

simulated hardware is different than the real equipment and

does not exactly replicate the feel of the real robotic

equipment. The dV-Trainer uses its own unique hand

controls which are connected to three cables for measuring

movement, rather than the more precise arms that are used

in the da Vinci robot. The dV-Trainer foot pedals look and

function almost identically to the robotic foot pedals.

Robotic Surgery Simulator (Simulated Surgical Systems

LLC)

The RoSS is also a complete, stand-alone simulator of the

da Vinci robot. This device is designed as a single piece of
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hardware that has a similar appearance to the surgeon’s

console of the robot. The hardware device includes a single

3D computer monitor, hand controls that are modified

commercial force feedback devices, pedals that replicate

either the S or the Si model of the da Vinci robot, and an

external monitor for the instructor. The simulator can be

configured to imitate either the S or the Si model of the da

Vinci robot.

The hand controls are modified SensAble Omni Phan-

tomTM, force feedback, 3D space controllers (3D Systems

Inc., Rock Hill, SC, USA). These devices have a much

smaller range of motion than the controllers on the da Vinci

robot, so require more frequent clutching than the actual

robot. The 3D image is generated by a single computer

monitor with polarized glasses, which generates a visual

scene with less depth of field than the actual robot.

The company has developed a set of 3D virtual exercises

that are unique from those found in both of the other simula-

tors. They also provide optional video-based surgical exer-

cises, called HoST modules, in which the user is guided

through the movements necessary to complete an actual sur-

gical procedure. At this writing, these modules are available

for radical prostatectomy, hysterectomy, and cystectomy.

These guided videos take advantage of the force feedback

capabilities of the hand controllers to push and pull the stu-

dent’s hands to follow the simulated instruments on the screen.

They require the student to perform specific movements

accurately during the video before the operation will proceed.

Exercise modules

Each simulator allows an administrator or instructor to

manage and organize student performance according to

unique login credentials for the student. Alternatively, they

all have a universal ‘‘guest’’ account to make the system

accessible to anyone but without the ability to uniquely

identify and track the performance of a specific student.

Once logged into each system, the instructor or the

student navigates the instructional materials using the

menu systems illustrated in Fig. 2. Since the intuitive skills

simulator (DVSS) and the Mimic dV-Trainer provide very

similar exercises and organizations, the navigation through

the exercises is similar in form, though different in visual

appearance. The RoSS simulator uses a very unique arced

orbital menu for progressing through exercises.

Each simulator provides on-system instructions for

every exercise in the form of textual documents and video

demonstrations with spoken audible instructions.

Dvss

The DVSS contains 40 exercises organized into nine cat-

egories (Table 2). These begin with introductory video and

audio instructions on how to use the robotic equipment and

move through progressively more difficult skills (Table 3).

To prepare the student for success in each exercise, the

simulator offers written instructions on the objective of

each exercise prior to performance. There is also a narrated

video of an instructor performing the exercise while

explaining the necessary steps.

Upon completion of each exercise, the system auto-

matically proceeds to a scoreboard showing the student’s

performance on the exercise. Details on the scoring sys-

tems of each simulator are discussed later in the article.

Figure 3 presents screenshots of some of the key exercises

in the simulator. These include the Peg Board, Ring Walk,

Energy Dissection, and Interrupted Suturing exercises. The

suturing exercises on this simulator were developed by

Simbionix USA Inc. (Cleveland, OH) for integration into the

DVSS. This expansion of the system demonstrates the ability

of the simulator platform to blend together exercises and

scoring systems created by multiple independent vendors.

dV-Trainer

Most of the simulation software for Intuitive’s DVSS was

developed by Mimic Technologies. Therefore, version 1.0 of the

DVSS and the dV-Trainer contained nearly identical exercises,

closely matching menu systems, and identical scoring mecha-

nisms.However,over timethe twosetsof softwarehavediverged,

and the current versions of the simulators differ in functionality

and appearance. The current version of the dV-Trainer (v 2.2)

contains 65 exercises organized into ten categories.

Though many of the exercises are identical between the

DVSS and the dV-Trainer, the graphics resolution and

details have been improved in version 2.2 of the dV-

Trainer software. Since this system is driven by a com-

mercial PC, which can easily be upgraded, it is possible for

the hardware and software to evolve as newer computer

technologies are available.

Just as with the DVSS, the dV-Trainer simulator offers

written instructions on the objective of each exercise prior

to performance. There is also a narrated video of an

instructor performing the exercise while explaining the

necessary steps. Upon completion of each exercise, the

system automatically proceeds to a scoreboard showing the

student’s performance on the exercise.

Figure 4 presents screenshots of some of the key exer-

cises in the dV-Trainer simulator. These include the Peg

Board, Match Board, Tubal Anastomosis, and Energy

Switching exercises.

RoSS

The RoSS simulator contains 52 unique exercises, orga-

nized into five categories, and arranged from introductory
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to more advanced (Table 4), just as in the other two sim-

ulators. The RoSS system of exercises is unique in that they

list fewer exercises but provide three different difficulty

levels for most of them where each level is actually a

unique exercise.

Similar to the other simulators, the RoSS includes a

narrated video showing an instructor performing the exer-

cise. Upon completion of an exercise, the simulator auto-

matically proceeds to the scoreboard for the exercise.

The RoSS contains a unique capability that is not found in

either of the other simulators called ‘‘Hands-on Surgical

Training’’ or ‘‘HoST.’’ This is an integration of surgical skills

exercises with a video of an actual surgery. Videos of actual

surgical procedures play in the surgeon’s visual space, over-

laid with animated icons, which instruct the student to perform

specific actions during the progression of the surgery video.

The necessary actions are prompted with audio instructions.

For the HoST exercise to progress, the student must perform

the specific actions at specific times. The simulator will pause

the video and allow the student to repeat the action until it is

performed as required by the instructions.

The hand controllers of the RoSS simulator are modified

versions of a commercially available 3D haptic input

device called the Omni PhantomTM. This product uses

internal motors and gears to apply haptic feedback to the

hand movements of the user. For the HoST exercises, the

simulator uses this capability to move the student’s hands

in sync with the movements of the surgeon’s instruments in

the master video.

Fig. 2 Comparative simulator exercise menus

Table 2 DVSS exercise categories

Surgeon console

overview

An introduction to the controls of the da Vinci

robot

Endowrist

manipulation 1

Basic hand movements and usage of the wristed

instruments

Camera and

clutching

Basic foot clutching for both the camera and the

third arm

Endowrist

manipulation 2

Intermediate use of the hands and wristed

instruments

Energy and

dissection

Use of the energy pedals and associated

instruments

Needle control Focused exercises for dexterous manipulation of

a curved surgical needle

Needle driving Repetitive exercises for needle driving

Games Challenging and entertaining game

environments to apply the skills learned

Suturing skills Suturing exercises with needle, following

suture, knot-tying, and tissue closure

Table 3 dV-Trainer exercise categories

Surgeon console

overview

An introduction to the controls of the da Vinci

robot

Endowrist

manipulation

Basic and intermediate use of the hand

controllers and wristed instruments

Camera and

clutching

Basic foot clutching for both the camera and the

third arm

Energy and

dissection

Use of the energy pedals and associated

instruments

Needle control Focused exercises for dexterous manipulation of

a curved surgical needle

Needle driving Repetitive exercises for needle driving

Troubleshooting Introduction to error recovery on the da Vinci

robot

Games Challenging and entertaining game

environments to apply the skills learned

Suturing skills Suturing exercises with needle, following suture,

knot-tying, and tissue closure

RTN VR exercises specifically build to match

physical devices in use by the research training

network of sites led by Lehigh Valley Hospital
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Fig. 3 Selected DVSS exercise

images

Fig. 4 Selected dV-Trainer

exercise images

978 Surg Endosc (2015) 29:972–983

123



Figure 5 provides screenshots of the motor skills ball

placement, intermediate vessel dissection, 4th arm tissue

retraction, and HoST radical prostatectomy.

Proficiency scoring system

Each of the three simulators provides a different scoring

method. All three use the host computer to collect data on

the performance of the student at the controls in multiple

performance areas. With this data, they provide a score for

specific performance traits, as well as combining all of

these into a single composite score of performance for the

entire exercise. The algorithm used to create this composite

score is described in the user’s manuals of each of the

simulators. Examples of each of these scoreboards are

shown in Fig. 6.

In addition to the objective metrics that can be collected

by the computer, the developers of each simulator have

been challenged to provide thresholds, which indicate

whether the student’s score is considered a ‘‘passing’’ or

‘‘failing’’ performance. All three have identified threshold

scores, which would indicate acceptable and warning

scoring levels. These are commonly interpreted as ‘‘pass-

ing’’ (above acceptable threshold) and ‘‘failing’’ (below

warning threshold), with a ‘‘warning’’ area between the two

thresholds. These thresholds create green, yellow, and red

performance areas, which can be used to visually com-

municate the quality of the student’s performance in each

area of measurement. Each simulator also provides a single

composite score for the entire exercise.

Each of the simulators gives the student a single overall

score for performance on an exercise. To achieve this, an

algorithm was needed to combine very different types of

metrics. For example, the number of seconds to complete

an exercise needs to be combined with milliliters of blood

loss, centimeters of instrument movement, number of

instrument collisions, and other similarly varied metrics.

As in most educational environments, this is achieved by

converting each metric into a score, which falls between

some defined minimum and maximum value. Most people

understand this concept from their academic experience in

which all assignments were graded in the range from 0 to

100 % or between 0 points and the maximum total points

for all assignments. These normalizations make it possible

to create a single composite score of the student’s

Table 4 RoSS exercise categories

Orientation

module

Introduction to the surgeon controls of the da

Vinci robot

Motor skills Development of precise controls of the

instruments, including spatial awareness

Basic surgical

skills

Instruction on handling a needle, using

electrocautery pedals and instruments, and the

use of scissors on the robot

Intermediate

surgical skills

Control of the fourth arm, blunt tissue

dissection, and vessel dissection

Hands-on surgical

training

Video and haptic-guided instruction through

specific surgical procedures

Fig. 5 Selected RoSS exercise

images
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performance across multiple assignments. This same

approach has been used in the simulators, where the

resulting composite metric may be a total point score or a

percentage.

The simulator manufacturers work with robotic sur-

geons to establish the relative values of each measure used

in the composite score, just as they did for the threshold

levels described earlier. Because these evaluations are the

opinions of the individuals who collaborated with the

company on the development of the system. The dV-

Trainer and the RoSS both provide the ability for a system

administrator to adjust these levels to meet the needs of

unique curriculum, courses, and students being evaluated.

DVSS

The DVSS performance scoring method has a number of

metrics which are applied to every exercise, and others

which are only used for exercises in which they are rele-

vant. Table 5 presents the metrics which are applicable to

all exercises. For details on the more specialized metrics,

the reader may consult the user’s manual for the simulator.

Because the DVSS is a closed, turnkey system with an

ease of use similar to the actual surgical robot, most of the

data displays, and threshold adjustments found in the other

simulators are not available in this device. Simulator set-

tings are determined by the manufacturer and cannot be

changed by the user.

dV-Trainer

Originally, the DVSS and the dV-Trainer shared the same

scoring method, but more recent versions of the dV-

Trainer offer both this original ‘‘version 1.0’’ scoring

method, as well as a new ‘‘version 2.0’’ method based on

the proficiency measured from experienced surgeons. The

skills measured are the same (Table 3), but the interpre-

tation of those into a score is different. The instructor can

select the preferred scoring method for each curriculum

that is constructed in the dV-Trainer. The newer scoring

method uses total points earned rather than percentages.

The passing and warning thresholds can be adjusted by

the administrator.

RoSS

The principles behind the scoring system on the RoSS are

the same as those for the DVSS and the dV-Trainer.

However, most of the metrics collected are different. The

standard measurements are shown in Table 6.

Like each of the other simulators, there are multiple

displays of the performance data for a student. The initial

display presented at the completion of an exercise shows a

horizontal bar, which is colored green, yellow, or red to

indicate passing or failing. The magnitude of the bar is a

rough measure of the quality of performance (Fig. 6).

Additional displays show the numeric score and its relative

position to a passing threshold.

Fig. 6 Example scoreboards from each simulator

Table 5 DVSS and dV-Trainer scoring method

Overall score Composite evaluation of the exercise

performance

Time to complete Number of seconds to complete the exercise

Economy of

motion

Number of centimeters of instrument tip

movement

Instrument

collisions

Number of times that the instruments touched

each other

Excessive

instrument force

Number of seconds that excessive robotic force

was applied against objects in the environment

Instrument out of

view

Number of centimeters that an instrument tip

moved outside of the viewing area

Master workspace

range

Radius in centimeters than contains the

movement of the instrument tips

Drops Number of objects dropped from the grasp of

the instruments
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System administration

All of the simulators contain system configuration and

student management functions, which require a special

administrator account to access and modify. These allow

instructors to create curriculum and scoring methods,

which are unique to the lessons they are offering. They also

allow an instructor or administrator to create new student

accounts and export student scores for evaluation and

analysis outside of the simulator device. Some course

instructors use this capability to create custom performance

reports for students who attend the courses.

DVSS

For the DVSS, most of the administrator functionality is

fixed within the delivered system. The administrator can

create specific user profiles for the simulator using a ded-

icated program on a separate external PC. This program,

the ‘‘DVSS Manger’’, allows the administrator to create a

profile for the user. The profile can then be loaded onto a

USB memory stick and inserted into the USB port on the

DVSS. The simulator will automatically read this data in

and display the user names at the login screen.

Similarly, the USB memory stick can be inserted into

the DVSS, and the performance data collected from exer-

cises performed by each user will be automatically loaded

onto the USB stick. This stick can then be inserted in the

PC, and the data will be loaded into the management

software on the external PC and exported to a delimited file

for formatting and analysis in a spreadsheet program.

The entire transfer process is automated and the contents

of the USB stick are completely erased and reloaded each

time. The stick cannot safely be used for any purpose other

than as the transfer mechanism between the two devices.

This method is meant to create an ease of use similar to the

real robot.

dV-Trainer

The administrator on a dV-Trainer has the ability to create

new user accounts, specify S or Si representation, create

new curriculum, set passing thresholds, and export user

data for analysis.

The simulator contains 65 exercises, any combination of

which can be organized into a curriculum for a specific

course. The administrator creates the new curriculum name

and then adds each exercise that should be part of the

curriculum. This set of exercises can be organized into

phases or folders to match the course that is being taught.

For example, an instructor may have a curriculum that

consists of a warm-up with easy exercises, pre-course

evaluations, and post-course evaluations. These would

appear as three separate sections within the curriculum.

The administrator can export data from the simulator

according to multiple criteria. The export may include all

of the data on the machine, or subsets defined by the unique

user ID, date range, completion status, or a specific

exercise.

The capabilities provided for an administrator of the dV-

Trainer are significantly more robust than those available

on the other two simulators.

RoSS

The RoSS administrator account is used to create student

accounts. Each user can then be assigned a specific subset

of the entire simulator curriculum.

For the RoSS system, the administrator can assign

portions of the curriculum hierarchy, which are applicable

to a specific user. The curriculum is organized such that

customization consists of selective subsets of the hierarchy

of exercises, rather than the ability to select specific exer-

cises in unique combinations.

The administrator can also edit the passing thresholds

for each exercise. This allows a site to create curriculum,

which is considered passing for practitioners at different

levels, such as medical students, residents, attending, and

specialists.

The scores can be exported as individual delimited data

files for each student account. These can then be removed

from the system for analysis and recording.

Validation of devices

Validation studies serve to determine whether a simulator

can actually teach or assess what it is intended to teach or

assess. In medical simulation, there are generally accepted

Table 6 RoSS scoring method

Overall score Composite evaluation of the exercise performance

Camera usage Optimal movement of camera

Left tool grasp Optimal number of tool grasps with left hand tool

Left tool out of

view

Distance left hand tool is out of view

Number of errors Number of collision or drop errors in an exercise

Right tool grasp Optimal number of tool grasps with right hand

tool

Right tool out of

view

Distance right hand tool is out of view

Time Time to complete the exercise

Tissue damage Number of times that instruments damaged tissue

with excessive force or unnecessary touches

Tool–Tool

collision

Number of times tools touched each other
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validity classifications, which include face, content, con-

struct, concurrent, and predictive validity [6]. Face and

content validity are considered subjective approaches, while

the other three are objective approaches to validation.

Table 7 provides a summary of the published validation

studies for these simulators. All three have publications

establishing face, content, construct, and concurrent vali-

dation. Only published studies investigate the predictive

validity of the DVSS [19, 25, 28]. Recent presentations

also explore the validity of the RoSS curriculum [29] and

the RoSS’ HoST procedural modules [30].

Conclusions

Simulators play an important role in providing a training

experience and a platform for evaluation of novices who

are trying to master complex skills in many fields. When a

task is simple, consequences for failure are minimal, and

equipment is inexpensive, there is little motivation for

creating a dedicated simulation device. However, when the

task to be mastered is complex, there is a need for a device

that can objectively measure the performance of the trainee

and provide feedback that leads to improved performance.

When the consequences of a mistake can be lethal, there is

a need for a safe environment in which to develop expertise

without threatening the wellbeing of others. When equip-

ment or disposables are expensive to use, there is a need for

a tool that can provide at least entry-level familiarization

and skill development without undue financial demands.

All three of these conditions are characteristic of the pro-

cess for learning robotic surgery. So it is not surprising that

market forces have led to the creation of multiple simula-

tors of the robotic system and the skills to use it.

This article represents the first part of a comprehensive

analysis of robotic surgical simulators. The second part is

a subjective opinion survey on the usability of the sim-

ulators. Subjects for this survey will include attending

surgeons, fellows, residents, and medical students without

prior experience using the simulation devices. The third

part will include a select group of surgical fellows who

will participate in a two-month experiment in which each

practices on one of the simulators, while their perfor-

mance is measured every 2 weeks to assess for changes

and maintenance of skill levels. The experiment is

designed to determine which simulator has the greatest

positive impact on robotic surgical performance, and the

degree to which those improvements are retained across a

period of inactivity.

The three simulators described in this article are com-

plex systems, which are significantly less costly than the

actual da Vinci robotic surgical system and can be operated

at a fraction of the cost of the instruments required by this

robot. Furthermore, da Vinci robots are predominantly used

for daily surgery, decreasing their availability for training.

There are currently no available studies directly comparing

the three simulators, and therefore until those studies are

performed, no universal recommendation can be made for

one device over the other, and a decision to use one sim-

ulator over the other should be based on unique and indi-

vidual needs.
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Table 7 Validation of robotic surgical simulators

Validation DVSS dV-Trainer RoSS

Face: subjective

realism of the

simulator

Hung [7]

Kelly [8]

Liss [9]

Lendvay [10]

Kenney [11]

Sethi [12]

Perrenot [13]

Korets [14]

Lee [15]

Schreuder

[16]

Seixas-

Mikelus

[17]

Stegemann,

[18]

Content: judgment of

appropriateness as

a teaching modality

Hung [7]

Hung

[19]

Kelly [8]

Liss [9]

Kenney [11]

Sethi [12]

Perrenot [13]

Lee [15]

Seixas-

Mikelus

[17]

Colaco, [20]

Construct: able to

distinguish

experienced from

inexperienced

surgeon

Hung [7]

Kelly [8]

Liss [9]

Finnegan

[21]

Kenney [11]

Perrenot [13]

Korets [14]

Lee [15]

Schreuder

[16] Connolly

[22] Lendvay

[23]

Raza [24]

Concurrent: extent to

which simulator

correlates with

‘‘gold standard’’

Hung [19]

Tergas

[25]

Perrenot [13]

Korets [14]

Lee [15] Lerner

[26]

Chowriappa,

[27]

Predictive: extent to

which simulator

predicts future

performance

Hung [19]

Tergas

[25]

Culligan

[28]
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Abstract

Background The introduction of simulation into mini-

mally invasive robotic surgery is relatively recent and has

seen rapid advancement; therefore, a need exists to develop

training curriculums and identify systems that will be most

effective at training surgical skills. Several simulators have

been introduced to support these aims—the daVinci skills

simulator, Mimic dV-Trainer, Surgical Simulated Systems’

RoSS, and Simbionix Robotix Mentor. While multiple

studies have been conducted to demonstrate the validity of

these systems, studies comparing the perceived value of

these devices as tools for education and skills are lacking.

Methods Subjects who qualified as medical students or

physicians (n = 105) were assigned a specific order to use

each of the three simulators. After completing a demo-

graphic questionnaire, participants performed one exercise

on the three simulators and completed a second question-

naire regarding their experience with the device. After

using all systems, they completed a final questionnaire,

which detailed their comparative preferences. The subject’s

performance metrics were also collected from each

simulator.

Results The data confirmed the face, content, and con-

struct validity for the dV-trainer and skills simulator.

Similar validities could not be confirmed for the RoSS.

[80 % of the time, participants chose the skills simulator

in terms of physical comfort, ergonomics, and overall

choice. However, only 55 % thought the skills simulator

was worth the cost of the equipment. The dV-Trainer had

the highest cost preference scores with 71 % of respon-

dents feeling it was worth the investment.

Conclusions Usability can affect the consistency and

commitment of users of robotic surgical simulators. In a

previous study, these simulators were objectively reviewed

and compared in terms of their system capabilities. Col-

lectively, this work will offer end-users and potential

buyers a comparison of the perceived value and prefer-

ences of robotic simulators.

Keywords Simulation � Validation � Robotic surgery �
Training � Usability

Medicine has come to the conclusion that the Halstedian

training model (i.e., See one, do one, teach one) is no

longer sufficient for teaching complex skills, particularly

robotic surgical skills [1]. With the introduction of robotic

technology between patient and surgeon, a need to master

new skills has emerged. A number of virtual reality sim-

ulators have been developed to support the training and

acquisition of such skills. Currently, the commercially

available robotic simulators include: the da Vinci skills

simulator (dVSS) by Intuitive Surgical Inc., also known as

the ‘‘Backpack Simulator’’; the dV-Trainer from Mimic

Technologies Inc.; the RoSS by Simulated Surgical Sci-

ences LLC; and the Robotix Mentor from Simbionix

(Fig. 1). All of these da Vinci simulators utilize a visual

scene that is presented in a computer-generated 3D envi-

ronment providing challenging tests for practicing dexter-

ity and machine operations. Originally, the simulated
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exercises trained basic robotic skills; however, with

advances in technology, surgeons can now train for specific

procedures (e.g., partial nephrectomy and hysterectomy).

The work described in this paper is the second part of a

three-phase analysis to study the effectiveness of these

simulators and applications to the education of robotic

surgeons. In the first phase, the authors evaluated and

compared the objective characteristics of three simulators

(dVSS, dV-Trainer, and RoSS). The Simbionix Robotix

Mentor was not included because it was under develop-

ment at the time of this research. This analysis provided a

head-to-head comparison of the systems and found that

they varied greatly in their hardware and software.

In the dVSS, the trainee operates the simulated environ-

ment using the actual da Vinci surgical console. The simu-

lator is a custom computer, appended to the surgical console

through the surgical data port. While the simulator costs

approximately $85,000, the surgical console costs $500,000

incurring an investment of $585,000. Using this simulator,

users can train with the actual hardware they would use

during surgery; however, this requires availability of the

surgical console, which may be fully scheduled in the

operating room. Few hospitals have a dedicated training

console, meaning that users do not have ready access to the

simulator. The second system is a standalone system that

utilizes a high-performance graphic/gaming computer,

connected to a custom desktop viewing and control device

that replicates the hardware of the da Vinci surgeon’s con-

sole. This system shares similar software with the dVSS, but

does not require the use of actual da Vinci hardware. The cost

of this simulator is approximately $96,000. The third system

is composed of a completely customized replica of the da

Vinci surgeon’s console. Internally the simulator contains a

graphic computer, a 3D viewing system, and commercial

Omni Phantom haptic controllers. This simulator uses

unique software and costs approximately $126,000 [2].

The validity of medical and surgical simulators is typi-

cally evaluated using the categories defined by McDougal

[3]. This paper defines the most commonly recognized

forms of validation as: face, content, construct, concurrent,

and predictive validity. Face validity is typically assessed

informally by users and indicates whether the simulator is

an accurate representation of the actual system (i.e., the

realism of the simulator). Content validity is the measure of

the appropriateness of the system as a teaching modality.

Experts who are knowledgeable about the device typically

assess this via a formal evaluation. Construct validity is the

ability of a simulator to measure what it is intended to

measure. Often this is characterized by the simulator’s

ability to differentiate between users’ experience level.

Concurrent validity is the extent to which the simulator

correlates with the ‘‘gold standard’’ for training, and pre-

dictive validity is the extent to which the simulator can

predict a user’s future surgical performance. Collectively,

concurrent and predictive validity are known as criterion

validity and are used as measures of the simulator’s ability

to correlate trainee performance with their real-life per-

formance. Face and content validity are most effective in

evaluating the ability of a simulator to train a surgeon;

however construct, concurrent, and predictive validity are

most useful for evaluating the effectiveness of a simulator

to assess a trainee.

The validity of all three simulators has been examined

separately (Table 1), and to our knowledge, there is no

comparative research of all three systems. The current study

therefore compares the three commercially available da

Vinci simulators and details the findings for face, content,

and construct validity of these systems. The purpose of this is

to provide end-users and potential buyers with a head-to-

head evaluation of the value and usability of the systems.

Materials and methods

Participants in this study included medical students, resi-

dents, fellows, and attending physicians. Participants were

recruited from the University of Central Florida College of

Medicine, courses held at the Florida Hospital Nicholson

Center, and two surgical robotics conferences (World

Robotics Gynecology Congress and Society of Robotic

Fig. 1 Simulators of the da Vinci robotic surgical system
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Surgeons Scientific Meeting). Subjects were excluded from

participating if they had participated in a formal robotic

simulation-training course to eliminate preference bias.

Each participant was categorized into one of three groups

(i.e., expert, intermediate, or novice) according to the self-

reported number of robotic cases performed. Individuals

who had performed 0–19 robotic cases were categorized as

novices, individuals with 20–99 robotic cases were con-

sidered to be intermediates, and individuals with 100 or

more cases were considered to be experts.

After being categorized into an experience level, each

participant was assigned a specific order in which they used

each of the simulators (Fig. 2). This alternating order was

implemented to identify and eliminate any potential bias

that may exist by using a specific system first. All partic-

ipants completed one exercise on each of the simulators.

The tasks chosen were Peg Board 1 in both the dV-Trainer

and the dVSS and Ball Placement 1 in the RoSS. The same

task was used for both the dV-Trainer and the dVSS

because these systems share similar software and exercises.

The RoSS software contains unique exercises, and Ball

Placement 1 was chosen because it trains the same basic

skills as Peg Board 1.

After completing the exercise on a simulator, partici-

pants completed a post-questionnaire (Survey 1), which

asked for feedback regarding their experience on that

specific simulator. After using all three systems, subjects

completed a second post-questionnaire (Survey 2), which

asked them to compare all three systems to each other. The

participant’s performance metrics were also collected from

each of the simulators.

Results

The novice group (n = 37) had performed an average of 2

robotic cases, the intermediate group (n = 31) on average

performed 54 cases, and the expert group (n = 37) per-

formed 336 cases. Sixty-two percent of subjects were men,

and 38 % were women with an average age of 43. On

average, participants had 15 years in practice and 3 years

of robotic experience. Seventy-six percent were attending

physicians, and 73 % of participants were currently or had

received robotic surgery training, while 41 % provided that

they train residents and fellows. A one-way ANOVA ver-

ified a difference in the average age and number of years in

Table 1 da Vinci simulator validation studies from Smith et al. [2]

Validation DVSS dV-Trainer RoSS

Face: subjective realism of the simulator Hung [4]

Kelly [5]

Liss [6]

Lendvay [7]

Kenney [8]

Sethi [9]

Perrenot [10]

Korets [11]

Lee [12]

Schreuder [13]

Seixas-Mikelus [14]

Stegemann, [15]

Content: judgment of appropriateness as a teaching modality Hung [4]

Hung [20]

Kelly [5]

Liss [6]

Kenney [8]

Sethi [9]

Perrenot [10]

Lee [12]

Seixas-Mikelus [14]

Colaco [17]

Construct: Able to distinguish experienced from inexperienced surgeon Hung [4]

Kelly [5]

Liss [6]

Finnegan [18]

Kenney [8]

Perrenot [10]

Korets [11]

Lee [12]

Schreuder [13]

Connolly [19] Lendvay [20]

Raza [21]

Concurrent: Extent to which simulator correlates with ‘‘gold standard’’ Hung [16]

Tergas [22]

Perrenot [10]

Korets [11]

Lee [12]

Lerner [23]

Chowriappa, [24]

Predictive: Extent to which simulator predicts future performance Hung [16]

Tergas [22]

Culligan [25]
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practice of participants based on the classification of

expert, intermediate or novice (number of robotic proce-

dures). This is to be expected since higher ages typically

imply a higher number of years of practice and resultant

larger numbers of robotic procedures.

The types of validity evaluated in this experiment were

face, content, and construct. To analyze the systems for

face validity and content validity, questions from Survey 1

were used. The questions were evaluated on a five-point

Likert scale (i.e., Strongly Disagree, Disagree, Neither

Agree or Disagree, Agree, and Strongly Agree). As rec-

ommended by Van Nortwick et al. [26], face validity was

analyzed by expert and intermediate feedback only as these

are the users most familiar with the robotic system; how-

ever, only expert feedback was used for content validity

because they have the best ability to judge the appropri-

ateness of the system as a training tool. For construct

validity, performance metrics such as overall score, time to

complete, number of errors, and economy of motion were

analyzed (Table 2). Specifically, time and economy of

motion were chosen due to a previous study by Perrenot

et al. [10] indicating that these are highly relevant indica-

tors of expertise in robotic surgery.

Face validity

A Chi-square test of independence was used to evaluate the

distribution of scores for a specific simulator in relation to

the order of the system’s presentation to the subject. This

analysis indicated that there was no difference in partici-

pants’ responses according to the order in which the sys-

tems were presented; and established that no bias was

present due to the presentation order (p[ 0.05). These

questions asked participants to evaluate whether the hand

controllers on the simulator were effective for working in

the simulated environment (Question 1) and if the device is

a sufficiently accurate representation of the real robotic

system (Question 4). For both questions, the RoSS had the

lowest average score, dV-Trainer had the second highest

score, and the dVSS had the highest score of the three

(Table 3). A repeated measures ANOVA verified that the

answers were statistically different for both questions

(p\ 0.001).

Content validity

As seen in Table 4, 100 % of participants either agreed or

strongly agreed that the 3D graphical exercises in the dVSS

were effective for teaching robotic skills, while 59 % dis-

agreed or strongly disagreed that the RoSS’ capabilities

were effective. When asked if the scoring system effec-

tively communicated their performance, 88 % of dVSS

users agreed or strongly agreed, while 79 % of dV-Trainer

users agreed or strongly agreed. Similarly, 91 and 82 % of

participants agreed or strongly agreed that the dVSS and

dV-Trainer, respectively, effectively guided them to

improve their performance, while only 36 % felt the RoSS

provided the same guidance.

Fig. 2 Example of rotating order and research process
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Construct validity

The overall score, number of errors, time to complete, and

economy of motion scores collected by the simulators for

experts (n = 37) and novices (n = 37) were used to

compare construct validity (Table 5). Intermediate subjects

were not included in the construct validity analysis because

it was only necessary to determine whether the simulator

could distinguish specifically between novice and expert

users. Overall score is synthesized from multiple metrics

and is specific to the individual simulator. This metric was

available in the dVSS and the dV-Trainer; however, the

overall score metric is not automatically exported by the

RoSS and therefore was not analyzed for this system.

Instead, the number of errors was used for the RoSS. For

all of the simulators, higher overall score values are better,

while lower economy of motion, time, and number of error

values are better preferred.

Table 2 Description of data used for types of validity

Type of

validity

Evaluation Type of participant Question/metric

Face validity Survey 1 Expert and

intermediate

Q1: The hand controllers on this simulator are effective for working in the simulated

environment (Likert)

Q4: The device is a sufficiently accurate representation of the real robotic system (Likert)

Content

validity

Survey 1 Expert Q2: The 3D graphical exercises in the simulator are effective for teaching robotic skills

(Likert)

Q5: The scoring system effectively communicates my performance on the exercise (Likert)

Q6: The scoring system effectively guides me to improve performance on the simulator

(Likert)

Construct

validity

Simulator Experts and novices Overall score (points)

Number of errors (count)

Time to complete (seconds)

Economy of motion (centimeters)

Table 3 Mean scores from a 5-point Likert scale on face validity

Face validity (n = 68) DVSS dV-Trainer RoSS

Q1: The hand controllers on this simulator are effective for working in the simulated environment. 4.80 3.62 2.17

Q4: The device is a sufficiently accurate representation of the real robotic system. 4.65 3.45 1.82

Table 4 Percentages of Likert

responses for content validity

questions

Content validity (n = 34)

Likert Score Strong dis (%) Disagree (%) Neither (%) Agree (%) Strong agree (%)

Q2: The 3D graphical exercises in the simulator are effective for teaching robotic skills.

DVSS 0 0 0 35.3 64.7

dV-Trainer 2.9 5.9 11.8 50.0 29.4

RoSS 20.6 38.2 17.6 17.6 5.9

Q5: The scoring system effectively communicates my performance on the exercise

DVSS 2.9 5.9 2.9 38.2 50.0

dV-Trainer 2.9 2.9 14.7 55.9 23.5

RoSS 17.6 20.6 26.5 29.4 5.9

Q6: The scoring system effectively guides me to improve performance on the simulator.

DVSS 0 0 8.8 61.8 29.4

dV-Trainer 2.9 2.9 11.8 61.8 20.6

RoSS 18.2 18.2 27.3 33.3 3.0
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For the RoSS, the analysis has 23 missing data points

because the system does not report scores when a user

exceeds a maximum exercise time or chooses to terminate

the exercise before completion. This resulted in a sample of

30 experts and 21 novices on this system. A Mann–Whit-

ney U test showed that the distributions of time

(p = 0.221), number of errors (p = 0.644), and economy

of motion (p = 0.566) were not statistically different for

the experts compared to the novice group on this simulator.

The dV-Trainer analysis of experts (n = 37) and novices

(n = 37) had three missing values for economy of motion

and completion time and five for the overall score metric,

thus, the analysis contained varying number of subjects.

The distribution of the overall scores was not significantly

different for the expert compared to the novice group

(p = 0.061). These tests did confirm statistical differences

for economy of motion (p\ 0.001) and time to complete

(p\ 0.001), with a lower economy of motion value and

shorter completion time for experts compared to novices.

The dVSS analysis included all novice (n = 37) and

expert (n = 37) participants. Time to complete (p\ 0.001)

and overall score (p = 0.006) were significantly different

for the expert compared to the novice group. The expert

group had a higher overall score and a shorter completion

time compared to the novice group. However, economy of

motion did not show a statistical difference with this

analysis (p = 0.216).

The relationship between experience and performance

metrics was more specifically analyzed in terms of the self-

reported number of cases of all participants (n = 105)

using a nonparametric correlation coefficient (Spearman’s).

For the RoSS, 30 participants were excluded from the

analysis. For the participants that were included in the

analysis (n = 75), there was not a significant correlation

between time to complete (p = 0.181), number of errors

(p = 0.563), or economy of motion (p = 0.390) with the

total number of robotic cases performed (Fig. 3).

For the dV-Trainer, four participants were excluded

from the entire analysis and two participants were excluded

from the overall score analysis (overall score n = 99;

economy of motion and time to complete n = 101). The

analysis verified a statistically significant correlation

between overall score (p = 0.03), economy of motion

(p\ 0.01), and time to complete (p\ 0.01). The correla-

tion value was negative for economy of motion and time to

complete, showing that with a greater number of robotic

cases, the time taken and distance moved decreased. The

correlation was positive for overall score indicating that the

participants’ score increased with the number of robotic

cases performed (Fig. 4).

For the dVSS, two participants were excluded from the

analysis (n = 103). A statistically significant difference

was found between overall score (p = 0.01) and time to

complete (p\ 0.01). The correlation value was negative

for time and positive for overall score, signifying that with

more robotic cases the time taken decreased and the score

increased. There was not a statistically significant corre-

lation between economy of motion and the total number of

robotic cases performed (p = 0.105) (Fig. 5).

Usability (preference)

The questions from Survey 2 were used to understand the

preference of the subjects when using the simulators. All

subjects were included in this analysis except for two partic-

ipants who were dropped from the analysis because they did

not complete the questionnaire. The participants’ responses to

the following usability questions can be seen in Fig. 6:

• If you are (were) a program director, which simulator

would you choose for your trainees;

• In which simulator were you physically more

comfortable;

• Which simulator had the best hand controls;

• Which simulator had the best foot controls;

• Which simulator had the best 3D vision;

• Were you feeling stressed or annoyed by any of the

simulators?

Overall, most participants preferred the dVSS and

indicated that they would choose this device as a training

system if they were a program director. Participants not

only felt most comfortable in the dVSS, but also felt that

the system had the best control and vision equipment. The

least preferred system was the RoSS, which most partici-

pants also agreed made them feel stressed or annoyed. Ten

percent of participants also responded that they felt stressed

or annoyed by both the dV-Trainer (dVT) and the RoSS.

Cost

All participants were also asked to provide feedback on

their simulator preference in terms of the cost of the sys-

tem. The responses were analyzed in terms of the fre-

quency of the responses given. Most participants felt that

the dV-Trainer was worth the investment, while most felt

that the RoSS was not. When asked about the dVSS, only

Table 5 Mann–Whitney U test level of significance on construct

validity measures

DVSS dV-Trainer RoSS

Time to complete p\ 0.001 p\ 0.001 p = 0.221

Overall score p\ 0.01 p = 0.061 n/a

Economy of motion p = 0.216 p\ 0.001 p = 0.566

Number of errors n/a n/a p = 0.644

Values italicized are statistical significance (p\ 0.05)
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56 % of participants agreed that it was worth the invest-

ment (Fig. 7).

Discussion

The aim of this study was to conduct a comparison of the

three commercially available simulators used to train sur-

geons on the daVinci robotic surgical system. The study

was performed to assist potential buyers in making a pur-

chasing and deployment decision regarding robotic simu-

lators. This study provides information about the face,

content, and construct validity, as well as usability of the

systems.

The simulators were perceived to be different in their

representation of the real robotic system. The dVSS was

most preferred in terms of ergonomics and usability;

however, most participants did not feel that this system was

Fig. 3 Graphs of correlation between experience and metrics on the RoSS

Fig. 4 Graphs of correlation between experience and metrics on the dV-trainer

Fig. 5 Graphs of correlation between experience and metrics on the dVSS
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worth the investment. The costs provided in the question-

naire included all equipment needed to make the simulator

functional. While the simulator itself only costs $85,000, it

is impossible to use without the $500,000 da Vinci surgeon

console. By leveraging the actual da Vinci hardware, this

simulator allows for a more realistic experience, but limits

the availability and creates a higher cost for training than

other robotic simulators. Economy of motion was not able

to differentiate novices from experts in the dVSS, which

could be attributed to the ease of use of the controllers

allowing novices to move the controls as efficiently as

experts. The generous workspace of the dVSS could also

have an impact on the lack of difference.

In terms of cost, most participants agreed that the dV-

Trainer had the best cost-effectiveness. In contrast to the

dVSS, the dV-Trainer is a standalone simulator and does

not require the support of the daVinci hardware to operate.

This allows for better accessibility and requires less of an

investment for training. The overall score aspect of con-

struct validity in the dV-Trainer may not have shown a

difference between novices and experts due to the way that

the scoring is developed. The scoring system is constructed

with a ‘‘ceiling’’ that prevents users from achieving a high

overall score without attaining high scores across multiple

metrics.

The RoSS was the least preferred system for comfort

and other usability aspects (i.e., hand controls, foot con-

trols, and 3D interface), with most participants feeling

stressed or annoyed when using the system. This study was

unable to validate the face, content, or construct validity

for this system. Currently, there is limited data available

that confirms construct validity of the RoSS. Contrary to

Raza [21], this study was unable to confirm a difference

between experts and novices in terms of time taken to

complete the exercise. As stated previously, time and

economy of motion are considered highly relevant

Fig. 6 Description of usability responses

Fig. 7 Description of cost preferences
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measures of expertise levels [10] and should distinguish

between these groups in the simulators.

To our knowledge this three-part study is the first to

compare three of the available simulators. This study

involved the largest sample size and diversity of partici-

pants (i.e., experience levels, number of robotic cases, and

subspecialty type) thus far in relevant publications. The

results from this research will help guide the choice of

simulators used for future studies at Florida Hospital and

may also influence decisions at other laboratories. How-

ever, a limitation to the study was the lack of consistency in

the available exercises and scoring systems across the three

systems. A consideration for future studies will be to use

more complex exercises and increase the depth of the face

and content validity evaluation. Future research should

continue to critically evaluate surgical simulators, includ-

ing new iterations of da Vinci simulators (e.g., the Sim-

bionix Robotix Mentor). There is limited research on the

transfer of skills from simulators to the actual da Vinci

system. Future studies could investigate the transfer of

training from a simulator to the surgical system via a dry

laboratory assessment or actual procedure.
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ABSTRACT 

 

Robotic surgical technology was originally developed by the US Army and DARPA as a tool to enable telesurgery 

at a distance. The Intuitive da Vinci system now provides a robotic surgical tool in a traditional operating room. But 

research continues into the extension of this capability to patients that are remote from the surgeon’s location. In this 

paper we describe the interim results of experiments into the effects of communication latency in the safe execution 

of robotic telesurgeries. These experiments were carried out with the Mimic dV-Trainer, a simulator of the da Vinci 

robot, which was configured to insert defined levels of latency into the visual and command data streams between a 

surgeon and the operating field. Subjects were asked to perform four basic robotic surgical exercises. They were 

allowed to rehearse these in a zero latency environment and with a randomly assigned latency between 100ms and 

1,000ms. Then each subject performed each exercise for measurement and analysis in our research.  

 

This experiment measured the degradation of human surgical performance across a range of latency conditions. This 

paper reports on the comparison of the level of experience of the surgeons with their performance in a latency-

effected environment. The data collected thus far refutes our hypothesis that more experienced surgeons would be 

more successful at managing the effects of latency and would perform better than those with less experience. 

Subjects in our experiment show no correlation between experience and successful performance under latency. The 

ability to manage latency in tele-operations may be shared between remote surgery and the control of a remotely 

piloted UAV's and UGV's. The results of our experiments may suggest that experience as a traditional pilot does not 

necessarily contribute to useful skills in flying UAV's or driving UGV's when latency is present.  
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BACKGROUND 

Robotic surgery has been the topic of science fiction 

and scientific research for decades. As early as 1942, 

Robert A. Heinlein published the story “Waldo” in 

Astounding Science Fiction. He described the use of 

gloves and a harness to allow Waldo Jones to control 

mechanical arms of any size from large industrial and 

construction equipment to miniature tools for 

electronic and surgical work. The Industrial Revolution 

gave us many of the tools needed to extend the 

capabilities of the human body, but the Information 

Age gave us the computerized control systems 

necessary to effectively manipulate these devices. 

Surgical robots are a marriage of mechanical, 

electrical, optical, and software systems that can 

empower a human surgeon to peer into a patient’s body 

with magnified stereo vision, probe the internal organs, 

and perform effective surgery without fully opening the 

patient’s body.  

In 1985, the PUMA 560 was used to accurately place a 

needle for a brain biopsy using CT guidance (Kwoh et 

al, 1988).   In 1988, the PROBOT at Imperial College 

London, was used to perform prostate surgery. In 1992, 

Integrated Surgical Systems introduced ROBODOC to 

mill precise fittings in the femur for hip replacement. 

Intuitive Surgical leveraged the research work of the 

Defense Advanced Research Projects Agency 

(DARPA) and used those technologies to create the da 

Vinci Surgical System which they introduced in 1997. 

Computer Motion followed a similar path and fielded 

the AESOP and ZEUS robotic systems (Figure 1), 

which were later acquired by Intuitive Surgical 

(Satava, 1998; FDA, 2005).  

 
Figure 1. ZEUS Surgical Research Robot 

Intuitive Surgical’s da Vinci robot is currently the only 

FDA approved device for robotic surgery on human 

patients. This system senses the surgeon’s hand 

movements and translates them into scaled-down 

micro-movements to manipulate tiny instruments 

inside the body. It also detects and filters out any 

tremors in the hand movements, so that they are not 

expressed robotically. The camera used in the system 

provides a true stereoscopic picture transmitted to and 

viewed through a surgeon's console (Figure 2).  

These devices opened the door for the realization of 

surgery-at-a-distance, a.k.a. telesurgery, in which a 

surgeon is able to extend his reach and perform 

surgical procedures at a significant distance from the 

patient. This capability has been demonstrated under 

unique conditions by multiple experiments (Himpens, 

1998; Janetschek, 1998; Fabrizio, 2000; Sterbis, 2007). 

Our research project at the Florida Hospital Nicholson 

Center is demonstrating the maturity of the existing 

telecommunication infrastructure within a hospital 

system to support daily, on-demand telesurgery right 

now. Our experiments are based on the da Vinci 

surgical robot (Intuitive Surgical, Inc.) and the dV-

Trainer simulator (Mimic Technologies, Inc.). 
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Figure 2. da Vinci Surgical Robot (Intuitive Surgical, Inc.) 

 

METHODS 

 

We explore the effects of communication latency on 

surgeon performance. This latency effect is created 

using the dV-Trainer simulator (Figure 3) of the da 

Vinci surgical robot (Hung, 2011; Kennedy 2009). The 

simulator allows the insertion of specific levels of 

controlled latency so that the user’s physical 

movements are not manifest by the simulated 

instruments until after the defined latency period has 

elapsed.  

 
Figure 3. dV-Trainer Simulator (Mimic 

Technologies, Inc.) 

 

During actual telesurgery, the messages sent between 

the surgeon's machine and the remote patient station 

will be delayed due to the speed of light and the 

message routing that occurs on the internet. 

Determining how much latency can be safely tolerated 

in surgery is an important question (Anvari, 2005 and 

2007). This experiment hypothesizes that there are two 

distinct thresholds of performance under increasing 

latency. The first is the level of latency at which a 

surgeon can first detect that his or her movements are 

being affected by the communication link. Any 

communication latency lower than this level is 

imperceptible and potentially non-invasive to the 

surgical procedure. Hence, if such levels can be 

achieved in the real world, then telesurgery may be 

safe for human surgery right now. The second level is 

the point at which the surgeon's performance is 

degraded to the point that the surgery cannot be 

performed safely (Marescaux, 2002; Lum, 2009). This 

level is identified through both simulator measured 

performance and the expert opinion of the surgeon. 

Between the first and second thresholds, a surgeon may 

be able to successfully control the effects of latency 

and perform a safe and successful procedure. Beyond 

the second threshold, telesurgery would be considered 

unsafe with the available equipment (Figure 4).  

 
Figure 4. Conceptual Diagram of Communication 

Latency Thresholds. 
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(a) Pegboard 1 

 
(b) Camera Targeting 

 
(c) Thread the Rings 

 
(d) Energy Dissection 

Figure 5. Simulated Surgical Skills Tasks 

 

We further hypothesize that more experienced 

surgeons will be more successful at managing the 

effects of latency and would be the best practitioners 

for this extension of robotic surgery. If this hypothesis 

is correct, then surgeons with more experience should 

achieve higher scores and shorter completion times in 

the simulation experiment that we are performing. This 

paper reports on the analysis of this specific question 

comparing surgeon experience to the ability to 

successfully manage the effects of latency.  

In this experiment, subjects performed the four 

simulated surgical skills exercises shown in Figure 5. 

These represent many of the core skills that are 

required in robotic surgery. Each subject performed 

each exercise three times. First, the subject was given 

an opportunity to perform the task without any 

imposed latency. This baseline insured that they were 

able to successfully operate the controls under normal 

conditions. Second, they were allowed to perform each 

of the four exercises at their randomly assigned latency 

level. These repetitions provided the learning necessary 

to achieve a sustained level of proficiency within a 

latent environment (Rayman et al 2006). Finally, each 

subject performed all four exercises at the same 

randomly assigned latency level and their performance 

was measured for analysis in the study.  

 

A single, constant latency level between 100 

milliseconds (ms) and 1,000ms at increments of 100ms 

was randomly assigned to each subject (e.g. 100ms, 

200ms, 300ms. 400ms, etc.). A proctor was available to 

instruct subjects in the use of the equipment and to 

guide them through the curriculum of the protocol. 

However, this proctor was not allowed to give 

suggestions on performance of the exercises or to tell 

the subject the specific level of latency that they were 

experiencing.  

 

Data Collection 

 

Experimental data was collected by the simulator 

software and manually via questionnaires. Research 

proctors administered a Pre-Test questionnaire on the 

level of surgical experience and related activities of the 

subject. All personal and performance data was 

anonymized to insure that the identity of the subject 

could not be linked to the data that was collected. The 

proctors also administered a Post-Test questionnaire at 

the conclusion of each of the skills exercises during the 

final performance stage. The simulator software 

automatically collected multiple measures of the 
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subject’s performance. This provided data for all 

subjects at zero latency, during their familiarization 

stage with latency, and during the final stage which is 

the focus of the analysis. This data will allow us to 

perform multiple analyses of the skills of robotic 

surgeons both with and without communication 

latency, which will be published in future papers.  

 

Pre-Test Questionnaire 

 

The Pre-Test questionnaire identified multiple items of 

demographic, experience, and practice data on the 

subjects. These included: age, gender, dominant hand, 

surgical status, years of surgical experience, years of 

laparoscopic experience, years of robotic experience, 

number of weekly procedures in laparoscopy and 

robotics, and experience with laparoscopic and robotic 

simulators, as well as with video games and musical 

instruments. Additional questions captured their 

opinion on the use of simulation in surgical education 

and certification.  

 

This data was then matched to the data from their 

performance in the simulator.  

 

Simulator Performance 

 

During the experiment, the simulator itself collected a 

number of data points on each subject’s performance. 

These included: time to complete, overall score, total 

hand motion in centimeters, master working space, 

number of instrument collisions, number of items 

dropped, excessive instrument force, distance 

instruments out of view, incorrect use of electrical 

energy, simulated blood loss, and number of broken 

blood vessels.  

 

Post-Test Questionnaire 

 

As the subjects completed their final repetition of each 

of the four skills exercises, the proctor administered a 

post-test questionnaire which asked the subject for their 

opinion on the stress induced by the simulation with 

latency. This included measures of the mental and 

physical demands of the task, the pace of the task, their 

opinion on their level of success, the amount of effort 

expended, the level of mental discouragement 

experienced, and their perceived complexity of the 

exercise.  

RESULTS 

 

This paper reports on the analysis of data from the first 

54 subjects in the study. Of the 54 subjects who began 

the experiment, several were unable to complete all of 

the tasks due to the limited amount of time that they 

could devote to the experiment. Others found the 

experiment too taxing and elected to terminate their 

participation before completion. As a result, we 

collected complete data sets without latency on 42 

subjects and complete data with latency on only 21 of 

those subjects. 

 

This data was analyzed to determine the level of 

correlation between the subjects’ experience and their 

performance both with and without latency. For the 

non-latency sample size of 42 and =0.05, the Pearson 

Product Moment Correlation (PPMC) value is 0.304. 

This means that for a correlation coefficient of two 

variables in this size of sample to be significant, it must 

be larger than the PPMC value.  

 

Table 1. Correlation Coefficients without Latency 

 

Exercise 

Overall 

Score 

Time 

Complete 

Pegboard 1 0.141 -0.110 

Camera Targeting 0.201 -0.173 

Thread the Rings 0.156 -0.225 

Energy Dissection 0.267 -0.217 

 

In an environment without any latency imposed we 

found a positive correlation between years of robotic 

experience and overall performance score, as well as a 

negative correlation between experience and the total 

time to complete the exercise (Table 1). Both of these 

indicate that more experience leads to better 

performance in the simulator. Though this correlation 

is consistently supportive that surgeons with more 

experience perform non-latency exercises better than 

those with less experience, the degree of this 

correlation is not large enough to be statistically 

significant for this sample size.  

 

When latency is added, a simple correlation coefficient 

is not sufficient for analyzing the effect of robotic 

experience on performance. Each subject received a 

randomly assigned latency, of which there were 10 

possibilities. Within the current sample, we have 

between 0 and 5 subject data points at each latency 

level. Therefore, under latency, we examine the data by 

visual examination of a multiline scatter plot.  

 

Scatterplots can illustrate the linear relationship 

between two variables in the model. Without latency, a 

relationship can be seen for both overall performance 

score and time to complete the exercise (Figures 6 & 

7). However, when latency is present, the plots show 

that there is not a relationship between the two 

variables for the subjects tested (Figures 8 & 9).  
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Figure 6. Correlation between Robotic Experience 

and Overall Score for the Peg Board exercise 

without communication latency.  

 

 
Figure 8. Correlation between Robotic Experience 

and Overall Score for the Peg Board exercise with 

various communication latencies.  

 
Figure 7. Correlation between Robotic Experience 

and Time to Complete for the Peg Board exercise 

without communication latency.  

 

 
Figure 9. Correlation between Robotic Experience 

and Time to Complete for the Peg Board exercise 

with various communication latencies.  

 

The data suggests that surgeons who have more 

experience in robotic surgery are not better equipped to 

self-manage the challenges presented by 

communication latency in telesurgery. Subjects with 

little experience are as likely to successfully manage 

latency as are surgeons with more experience.  

 

This same trend holds when comparing independent 

variables like total surgical experience and 

laparoscopic experience to the scores achieved in the 

simulator with latency.  

 

CONCLUSIONS 

 

The lack of correlation between experience and 

telesurgical performance under latency refutes our 

original hypothesis that a more experienced surgeon 

would more successfully manage the effects of latency. 

This negative finding has led to speculation on the 

cause of these results. Several may be possible, but 

each will require additional experimentation. First, 

experienced surgeons may be very talented, but fixed, 

in their methods of performing surgery. This may lead 

them to perform poorly under latency because it is 

difficult for them to modify their behaviors, where 

inexperienced surgeons are less ingrained and more 

adaptable to the situation. Second, since the simulator 

is a computer-generated virtual environment, it is 

possible that surgeons who have more experience in 

simulators, virtual worlds, and computer games may 

have developed a proficiency for solving problems in 

this kind of environment. They may also have 

experienced latency in those environments and 

developed techniques for compensating for it. Third, 

the ability to manage latency may be related to the 

physical and biological wiring of an individual. This 

could be a similar phenomenon to the tendency for 

some people to experience simulator sickness, while 

others do not suffer from it. These speculations are 

worthy of further investigation. 

 

The objective of this analysis was to identify the degree 

to which a surgeon can compensate for the effects of 

latency that are present in a telesurgery environment. 

The long-term goal is to identify the thresholds where 

safe and successful surgery can be performed. Our 

findings at this point refute our hypothesis that more 

experienced surgeons would be able to manage latency 

more successfully. In the data collected there is no 

correlation between robotic experience and the ability 
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to achieve a higher score in the simulator when latency 

is inserted into the procedure. 

 

These results may inform research on remote 

teleoperation in other environments, such as the control 

of UAV’s and UGV’s.  Experienced pilots and vehicle 

drivers may not be better equipped to manage the 

effects of latency than pilots/drivers with less 

experience. Other factors may be more important in 

predicting a person's ability to tele-operate a remote 

system successfully. The similarity between remote 

surgery and remote vehicle operation is speculative and 

would require specific research experiments with those 

systems to verify.  
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ABSTRACT 

 
The rapid advancement of robotic surgical technology and its implementation in minimally invasive surgical 
procedures has led to the need to develop more efficient and effective training methods, as well as assessment and 
skill maintenance tools for surgical education. Previous studies have shown that virtual simulation training is 
effective for improving laparoscopic surgical performance. However, few have evaluated the effectiveness of these 
types of simulators for improving robotic surgery proficiency. 
 
A three-part evaluation of the available robotic simulators is being performed to address the value and possible 
applications of the devices. The first part is an objective review and comparison of the design and capabilities of all 
of the simulators, which provides base specifications to aid potential users with selection of the device that best 
meets their needs. The second part is a subjective opinion on the usability of the simulators, which will include a 
survey of various health professionals and medical students without prior experience using the simulation devices. 
The third part includes a two-month experiment to determine which simulator has the greatest positive impact on 
robotic surgical performance and the degree of skill retention over a period of inactivity. 
 
This paper describes the results of the first part of this study. It provides comparative data on all three simulators - 
the da Vinci Skills Simulator (Intuitive Surgical Inc.); dV-Trainer (Mimic Technologies, Inc.); and RoSS (Simulated 
Surgical Skills LLC). This includes details about the curriculum, scoring method, system administration, visual 
resolution, validation, and support tools for the devices. 
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BACKGROUND 
 
For every complex and expensive system there emerges a need for training devices and scenarios that will assist new 
learners in mastering the use of the device and understanding how to apply it with value. In laparoscopic surgery, 
simulators have played an important role in improving the practice of surgery over the last 20 years (Schout, 2010; 
Wohaibi, 2010 et al). The same trends and values will likely apply to robotic surgery with the increased use of 
robotic technology for a growing variety of minimally invasive surgical procedures. The complexity, criticality, and 
cost associated with the effective application of the da Vinci surgical robot have stimulated the commercial creation 
of simulators which replicate the operations of this robot. The objective of this paper is to evaluate and compare the 
three commercially available robotic simulators shown in Figure 1:  
 

• da Vinci Skills Simulator (Intuitive Surgical Inc.);  
• dV-Trainer (Mimic Technologies, Inc.); and  
• RoSS (Simulated Surgical Skills LLC).  

 
Each of these possesses unique traits which make them valuable solutions for different types of users and learning 
environments.  
 

 

 
 

 

 

DVSS 
 

dV-Trainer 
 

RoSS 
 

Figure 1.  Simulators of the da Vinci surgical robot 
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METHODS 
 
Florida Hospital Nicholson Center owns and uses all three of these simulators. This cross-device access and 
experience is rare and provides unique comparative insight into the capabilities of all of the devices.  We reviewed 
the users' manuals for the devices to collect details about each system and performed our own experiments with each 
device to create comparative materials across all devices.  
 
We performed a systematic literature review on all three devices. The PubMed database of medical research was 
searched for all references to the devices through February 2013. References from retrieved articles were reviewed 
to broaden the search. The data extracted from these studies include training exercise modules, scoring systems, 
costs, educational impact and validation methods. We identified 32 studies investigating simulation in robotic 
surgery. 
 
Finally, we submitted our comparative data on the systems to the manufacturers of each device to receive a review 
of the accuracy of the information.  
 
The result of this work in this comparative review of the devices which evaluates the characteristics, exercise 
modules, scoring systems, costs, validity, advantages and disadvantages of each simulator.  
 
RESULTS 
 
Each of these devices is manufactured by a different company and provides a unique hardware and software solution 
for training and surgical rehearsal. The capabilities and features of each are summarized in Table 1. 
 
Capabilities and Features 

Da Vinci Skills Simulator (Intuitive Surgical Inc.) 
 
The da Vinci Skills Simulator (DVSS) consists of a customized computer package that attaches to the back of the 
surgeon’s console of an actual da Vinci Si robot. This simulator connects to the surgeon’s console via a single 
proprietary networking cable identical to that used to connect the components of the actual robotic surgical system.  

Advantages 

Attached simulators of this type are usually referred to as “embedded trainers” because they take advantage of the 
equipment that has already been constructed, purchased, and installed for the operation of the real system. These 
kinds of simulators are especially common in military facilities which face limited space and weight constraints. 
They can significantly reduce the hardware that must be purchased solely for simulation purposes. The U.S. Navy 
uses these kinds of simulators aboard ships to reduce weight and space requirements, enabling them to train while 
the ship is at sea.  

Another significant advantage of an attached simulator is that it allows the trainee to use the actual controls from the 
real system to control the simulation. This insures that the training experience is almost identical in feel to the real 
system, which can contribute to higher transfer of skills from the training sessions to the real system. Additionally, 
this minimizes the amount of time spent learning the unique functionalities of the simulator device and allows the 
trainee to focus the majority of his/her learning experience on skills acquisition and attaining proficiency. Finally, 
there is the cost advantage for the simulator device itself. Because much of the hardware and software expenses are 
already embedded in the real system, the simulator can be very economical to purchase. 
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Disadvantages 

Attached simulators like the DVSS also come with inherent disadvantages to balance their positive traits.  

The largest drawback is the availability and accessibility of a simulator which requires the real robotic system. An 
attached DVSS simulator cannot be used without access to a real surgeon’s console and therefore is only available 
for use when the robotic system is not in use. This implies that the trainee would only be able to use the simulator 
outside of normal operating room working hours and would need logistical access to the robot and the simulator. da 
Vinci robots are expensive devices which hospitals typically attempt to maximize use of in order to recoup their 
investment. In a very active surgical hospital, it can be difficult to obtain access to a surgeon’s console to support 
training with this simulator.  

The DVSS is designed to connect to the surgeon’s console using the same proprietary networking cable that 
connects the major robot components. This makes the attachment and set-up process very easy for clinicians to 
master. However, it also means that the DVSS can only be used with the Si model surgeon’s console. The previous 
S and Standard models use a different set of cables, which are not compatible with the simulator.  

Similar to the military’s experience with embedded and attached simulators, heavy usage of the DVSS comes with a 
corresponding heavy use of the surgeon’s console. The Army and Navy have discovered that these types of 

 

Table 1. Robotic Simulator Feature Comparison 
 

Features DVSS dV-Trainer RoSS 
System Manufacturer Intuitive Surgical Inc.  Mimic Technologies Inc.  Simulated Surgical Systems LLC 
Specifications  
(Simulator only) 

Depth 7” 
Height 25” 
Width 23” 
120 or 240V power 

Depth 36” 
Height 26” 
Width 44” 
120 or 240V power 

Depth 44” 
Height 77” 
Width 45” 
120 or 240V power 

Specifications  
(Complete System as shown in 
Figure 1) 

Depth 41” 
Height 65” 
Width 40” 
120 or 240V power 

Depth 36” 
Height 59” 
Width 54” 
120 or 240V power 

Depth 44” 
Height 77” 
Width 45” 
120 or 240V power 

Visual Resolution VGA 640 x 480 VGA 640 x 480 VGA 640 x 480 
Components Customized computer attached to 

da Vinci surgical console 
Standard computer, visual system 
with hand controls, foot pedals.   

Single integrated custom 
simulation device 

Support Equipment da Vinci surgical console, custom 
data cable 

Adjustable table, touch screen 
monitor, keyboard, mouse, 
protective cover, custom shipping 
container 

USB adapter, keyboard, mouse 

Exercises 35 simulation exercises 51 simulation exercises 52 simulation exercises.  
Optional Software  PC-based Simulation 

management 
Mshare curriculum sharing web 
site 

Video and Haptics-based 
Procedure Exercises (HoST) 

Scoring Method Scaled 0-100% with passing 
thresholds in multiple skill areas 

Proficiency-based point system 
with passing thresholds in 
multiple skill areas 

Point system with passing 
thresholds in multiple skill areas 

Student Data Management Custom control application for 
external PC. Export via USB 
memory stick.  

Export student data to delimited 
data file.  

Export student data to delimited 
data file.  

Curriculum Customization None Select any combination of 
exercises. Set passing thresholds 
and conditions. 

Select specifically grouped 
exercises. Set passing thresholds.  

Administrator Functions Create student accounts on 
external PC. Import via USB 
memory stick.  

Create student accounts. 
Customize curriculum.  

Create student accounts. 
Customize curriculum. 

System Setup None.  Calibrate controls.  Calibrate controls.  
System Security Student account ID and 

password.  
PC password, Administrator 
password, Student account ID 
and password.  

PC password, Administrator 
password, Student account ID 
and password.  

Simulator Base Price  $85,000 $95,000 $107,000 
Support Equipment Price $502,000 $9,100 $0 
Total Functional Price $587,000 $104,100 $107,000 
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simulators put more usage hours on real equipment controls which lead to more maintenance costs for those devices. 
Given the possibility of regular and continuous simulation training with such as device in addition to actual surgical 
usage, the real equipment experiences usage rates that can be many times higher than normal for the equipment. 
Since the da Vinci systems operate under a maintenance contract that covers all services, the additional costs of 
maintenance are not born by the hospital owner, but by the equipment vendor. The primary impact to the owner 
would only be in the area of availability for both real surgeries and training events due to downtime associated with 
maintenance.  

As mentioned under advantages, the cost of an attached simulator is typically much lower than other forms. 
However, this is countered by the fact that the customer must purchase or have available a real piece of equipment to 
support the use of the simulation.  

dV-Trainer (Mimic Technologies Inc.) 

The dV-Trainer is a separate, stand-alone simulator of the da Vinci robot. The surgeon’s console, controls, and 
vision cart are mimicked in hardware, while a 3D software model replicates the functions of the robotic arms and the 
surgical space.  

Mimic also developed the core simulator software for the DVSS and used the same package in version 1.0 of their 
own dV-Trainer. As a result, the exercises in those versions of the systems are nearly identical. The current version 
2.0 of the dV-Trainer has a number of new exercises, which are not found in the DVSS, and the graphics have been 
upgraded so the visual presentation is no longer identical. The differences in visual presentation can be seen in the 
figures later in the paper.  

The dV-Trainer consists of three major pieces of equipment and a number of smaller support pieces. The largest 
pieces are the “Phantom” hood which replicates the vision and hand controls of the da Vinci surgeon’s console, the 
foot pedals of the surgeon’s console, and a high-performance desktop computer which generates the 3D images and 
calculates the interactions with the surgeon’s controls. Smaller support equipment includes a touch screen monitor, 
keyboard, and mouse to enable an instructor to guide the student through exercises and allow an administrator to 
manage the data that is collected.  

Because the dV-Trainer replicates both the hardware and software of the da Vinci robot, it is a much larger system 
than the DVSS alone, though smaller than a real surgeon’s console with the DVSS attached. It has the advantage of 
providing a training system that is completely independent of the need for any piece of the real surgical robot. The 
simulator can be configured to imitate either the S or the Si model of the da Vinci robot.  

The disadvantage of this kind of system is that the simulated hardware is somewhat different than the real equipment 
and does not exactly replicate the feel of the real physical equipment. There is always a trade-off between lower 
price and perfect accuracy of a simulator. Also, the simulator must be updated separately when the real equipment is 
modified.  

Robotic Surgical System (Simulated Surgical Systems LLC) 

The RoSS is also a complete, stand-alone simulator of the da Vinci robot. This device is designed as a single piece 
of hardware that has a similar design to the surgeon’s console of the robot. The hardware device includes a single 
3D computer monitor, hand controls that are modified commercial force feedback devices, pedals that replicate 
either the S or the Si model of the da Vinci robot, and an external monitor for the instructor. Customers must 
purchase either the S or Si version of the device.  

The company has developed a set of 3D virtual exercises that are unique from those found in both of the other 
simulators. They also provide an optional video-based surgical exercise in which the user is guided through the 
movements necessary to complete an actual surgical procedure. At this writing, these modules are available for 
radical prostatectomy, cystectomy, and hysterectomy. These guided videos take advantage of the force feedback 
capabilities of the hand controllers to push and pull the student’s hands to follow the simulated instruments on the 



 
 

Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2013 

2013 Paper No. 13040 Page 6 of 11 

screen. They require the student to perform specific movements accurately during the video before the operation will 
proceed.  
 
Exercise Modules 

The exercise modules in each simulator are organized into hierarchical menus according to the surgical skill being 
addressed and the complexity of the exercise (Table 2). Each simulator provides on-system instructions for each 
exercise in the form of textual documents and narrated step-by-step video demonstrations. Upon completion of each 
exercise, the system automatically proceeds to a scoreboard showing the student’s performance on the exercise.  

Table 2. Comparative Simulator Exercise Categories 
 

DVSS 
 
The DVSS contains 35 exercises organized into nine categories. These begin with introductory video and audio 
instructions on how to use the robotic equipment, and move through progressively more difficult skills.  

dV-Trainer 
 
Most of the simulation software for Intuitive’s DVSS was developed by Mimic Technologies. Therefore, version 1.0 
of the DVSS and the dV-Trainer contained nearly identical exercises, closely matching menu systems, and identical 
scoring mechanisms. However, over time the two sets of software have diverged and the current versions of the 
simulators differ in functionality and appearance. The current version of the dV-Trainer (v 2.0) contains 51 exercises 
organized into nine categories.  
 
Though many of the exercises are identical between the DVSS and the dV-Trainer, the graphics resolution and 
details have been improved in version 2.0 of the dV-Trainer software. Since this system is driven by a commercial 
PC which can be upgraded rather easily, it is possible for the software to evolve and be replaced more easily than for 
a custom hardware package like the DVSS which would require upgrades to some of the components inside the 
device. 
 
RoSS 
 
The RoSS simulator contains 52 unique exercises, organized into 5 categories, and arranged from introductory to 
more advanced, just as in the other two simulators. The RoSS system of exercises is unique in that they list fewer 
named exercises, but provide three different difficulty levels for most of them (i.e. Level 1 is the easiest, Level 2 is 
intermediate, and Level 3 is advanced). 

The RoSS contains a unique capability that is not found in either of the other simulators called “Hands-on Surgical 
Training” or “HoST.” This is an integration of surgical skills exercises with a video of an actual surgery. Videos of 
actual surgical procedures play in the surgeon’s visual space, overlaid with animated icons which instruct the student 
to perform specific actions during the progression of the surgery video. The necessary actions are prompted with 
audio instructions. For the HoST exercise to progress, the student must perform the specific actions at specific times. 
The simulator will pause the video and allow the student to repeat the action until it is performed as required by the 
instructions.  

DVSS dV-Trainer RoSS 
Surgeon Console Overview 
Endowrist Manipulation 
Camera and Clutching 
Energy and Dissection 
Needle Control 
Needle Driving 
Troubleshooting 
Games 
Suturing Skills 

Surgeon Console Overview 
Endowrist Manipulation 1 
Endowrist Manipulation 2 
Camera and Clutching 
Energy and Dissection 
Needle Control 
Needle Driving 
Games 
Suturing Skills 

Orientation Module 
Motor Skills 
Basic Surgical Skills 
Intermediate Surgical Skills 
Hands-on Surgical Training 
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The hand controllers of the RoSS simulator are modified versions of a commercially available 3D haptic input 
device called the Omni Phantom™. This product uses internal motors and gears to apply haptic feedback to the hand 
movements of the user. For the HoST exercises, the simulator uses this capability to move the student’s hands in 
sync with the movements of the surgeon’s instruments in the master video. 

Proficiency Scoring System 

 Each of the three simulators provides a different scoring method. All three use the host computer to collect data on 
the performance of the student at the controls in multiple performance areas. With this data, they provide a score for 
specific performance traits, as well as combining all of these into a single composite score of performance for the 
entire exercise. The algorithm used to create this composite score is described in the user’s manuals of each of the 
simulators. Examples of each of these scoreboards are shown in Figure 2.  

 In addition to the objective metrics that can be collected by the computer, the developers of each simulator have 
been challenged to provide thresholds which indicate whether the student’s score is considered a “passing” or 
“failing” performance. All three have identified threshold scores which would indicate acceptable and warning 
scoring levels. These are commonly interpreted as “passing” (above acceptable threshold) and “failing” (below 
warning threshold), with a “warning” area between the two thresholds. These thresholds create green, yellow, and 
red performance areas, which can be used to visually communicate the quality of the student’s performance in each 
area of measurement. Each simulator also provides a single composite score for the entire exercise.  

DVSS 

The DVSS performance scoring method has a number of metrics, which are applied to every exercise and others 
which are only used for exercises in which they are relevant. Table 3 presents the metrics, which are applicable to all 
exercises. For details on the more specialized metrics, the reader may consult the user’s manual for the simulator.  

Because the DVSS is a closed, turn-key system with an ease of use similar to the actual surgical robot, most of the 
data displays and threshold adjustments found in the other simulators are not available in this device. Most simulator 
settings are determined by the manufacturer and cannot be changed by the user. 
 

Table 3. DVSS and dV-Trainer Scoring Method 
 

Overall Score Composite evaluation of the exercise performance. 
Time to Complete  Number of seconds to complete the exercise. 
Economy of Motion Number of centimeters of instrument tip movement. 
Instrument Collisions Number of times that the instruments touched each other. 
Excessive Instrument Force Number of seconds that excessive robotic force was applied against objects in the environment. 
Instrument Out of View Number of centimeters that an instrument tip moved outside of the viewing area. 
Master Workspace Range Radius in centimeters than contains the movement of the instrument tips. 
Drops Number of objects dropped from the grasp of the instruments.  

DVSS dV-Trainer RoSS 

 
  

 
Figure 2. Example Scoreboards from Each Simulator 
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dV-Trainer 

Originally, the DVSS and the dV-Trainer shared the same scoring method, but more recent versions of the dV-
Trainer offer both this original “version 1.0” scoring method, as well as a new “version 2.0” method based on the 
proficiency measured from experienced surgeons. The skills measured are the same (Table 2), but the interpretation 
of those into a score is different. The instructor can select the preferred scoring method for each curriculum that is 
constructed in the dV-Trainer.  

Users will notice that the newer scoring method uses total points earned rather than percentages. The passing and 
warning thresholds can be adjusted by the administrator. The philosophy, validity, and effects associated with these 
settings are more detailed than is necessary for understanding the use of the simulator. Interested readers should 
consult the user’s manual and published literature for details on the two scoring mechanisms.  

RoSS 

The principles behind the scoring system on the RoSS are the same as those for the DVSS and the dV-Trainer. 
However, most of the metrics collected are different. The standard measurements are shown in Table 4.  

Table 4. RoSS Scoring Method 
 

Overall Score Composite evaluation of the exercise performance. 
Camera Usage Optimal movement of camera. 
Left Tool Grasp Optimal number of tool grasps with left hand tool. 
Left Tool Out of View Distance left hand tool is out of view 
Number of Errors Number of collision or drop errors in an exercise. 
Right Tool Grasp Optimal number of tool grasps with right hand tool. 
Right Tool Out of View Distance right hand tool is out of view. 
Time Time to complete the exercise.  
Tissue Damage Number of times that instruments damaged tissue with excessive force or 

unnecessary touches. 
Tool-Tool Collision Number of times tools touched each other.  

Like each of the other simulators, there are multiple displays of the performance data for a student. The initial 
display presented at the completion of an exercise shows a horizontal bar which is colored green, yellow, or red to 
indicate passing or failing. The magnitude of the bar is a rough measure of the quality of performance. Additional 
displays show the numeric score and its relative position to a passing threshold.  

Validation of Devices 

Validation studies serve to determine whether a simulator can actually teach or assess what it is intended to teach or 
assess. In medical simulation, there are generally accepted validity classifications, which include face, content, 
construct, concurrent and predictive validity (McDougall, 2007). Face and content validity are considered subjective 
approaches while the other three are objective approaches to validation.  

Table 5 provides a summary of the published validation studies for these simulators. All three have publications 
establishing face, content, construct, and concurrent validation. There is only one published study on the predictive 
validity of the DVSS (Hung, 2012).  Recent presentations also explore the validity of the RoSS curriculum 
(Stegemann, 2013) and the RoSS’ HoST procedural modules (Ahmed, 2013). 
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Table 5. Validation of robotic surgical simulators 
 

Validation DVSS dV-Trainer RoSS 
Face Hung 2011 

Kelly 2012 
Liss 2012 
 

Lendvay 2008 
Kenney 2009 
Sethi 2009 
Perrenot 2011 
Korets, 2011 
Lee 2012 

Seixas-Mikelus 2010 
Stegemann, 2012 

Content Hung 2011 
Kelly 2012 
Liss 2012 

Kenney 2009 
Sethi 2009 
Perrenot 2011 
Lee 2012 

Seixas-Mikelus 2010 
Colaco, 2012 

Construct Hung 2011 
Kelly 2012 
Liss 2012 
Finnegan 2012 

Kenney 2009 
Korets, 2011 
Perrenot 2011 
Lee 2012 

Raza, 2013 

Concurrent Hung 2012 Lerner 2010 
Perrenot 2011 
Korets 2011 
Lee 2012 

Chowriappa, 2013 

Predictive Hung 2012   

CONCLUSIONS 

The three simulators described in this review article are complex systems, which are significantly less costly than 
the actual da Vinci robotic surgical system and can be operated at a fraction of the cost of the instruments required 
for this robot. There are currently no available studies comparing the three simulators head-to-head and therefore 
until those studies are performed, no universal recommendation can be made for one device over the other, but 
rather a decision to use one simulator over the other should be based on unique and individual needs.  

This article represents the first part of a comprehensive analysis of robotic surgical simulators. The second part is a 
subjective opinion survey on the usability of the simulators. Subjects for this survey will include attending surgeons, 
fellows, residents, and medical students without prior experience using the simulation devices. The third part will 
include a select group of surgical fellows will participate in a two-month experiment practicing on one of the 
simulators while their performance is measured every two weeks to assess for changes and maintenance of skill 
levels. The experiment is designed to determine which simulator has the greatest positive impact on robotic surgical 
performance and the degree to which those improvements are retained across a period of inactivity. 
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ABSTRACT 

The introduction of simulation into minimally invasive robotic surgery is relatively recent and has seen rapid 
advancement; therefore, a need exists to develop training curriculums and to identify systems that will be most 
effective at improving surgical skills. Several robotic simulators have been introduced to support these aims, but 
their effectiveness has yet to be fully evaluated.  

Currently, there are three simulators -- the daVinci Skills Simulator, Mimic dV-Trainer, and Surgical Simulated 
Systems’ RoSS. While multiple studies have been conducted to demonstrate the validity of each system, no studies 
have been conducted which compare the value of these devices as tools for education and skills improvement.  

This paper presents the results of an experiment comparing value, usability, and validity of all three systems. 
Subjects who were qualified as medical students or physicians (n=105) performed one exercise on each of the three 
simulators and completed two questionnaires, one regarding their experience with each device and a second 
regarding the comparative effects of the simulators. This data confirmed the face, content, and construct validity for 
the dV-Trainer and Skills Simulator. Similar validities could not be confirmed for the RoSS. Greater than 80% of 
the time, participants chose the Skills Simulator in terms of physical comfort, ergonomics, and overall choice. 
However, only 55% thought the skills simulator was worth the cost of the equipment.  The dV-Trainer had the 
highest cost preference scores with 71% percent of respondents feeling it was worth the investment.  

This work is the second component of a three-part analysis. In the previous study, the simulators were objectively 
reviewed and compared in terms of their system capabilities. The third part will evaluate the transfer of training 
effect of each simulator. Collectively, this work will offer end users and potential buyers a comparison of the value 
and preferences of robotic simulators. 
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INTRODUCTION 

Robotic surgery has introduced a new dimension into the surgical field. With the introduction of robotic technology 
between patient and surgeon, a need to master new skills has emerged. Medicine has come to the conclusion that the 
Halstedian training model (See one, do one, teach one) is no longer sufficient for teaching complex skills, especially 
robotic surgical skills (Cameron, 1997). A number of simulators have been developed to support training and skill 
assessment in robotic surgery. The currently available dedicated robotic simulators include: the da Vinci Skills 
Simulator (dVSS) by Intuitive Surgical Inc., also known as the “Backpack Simulator”; the dV-Trainer from Mimic 
Technologies Inc.; and the RoSS by Simulated Surgical Sciences LLC (Figure 1). The purpose of these simulators is 
to train surgeons prior to using the actual system and to allow them to acquire the necessary robotic skills to perform 
a safe surgery. All of these da Vinci simulators utilize a visual scene that is presented in a computer generated 3D 
environment providing challenging tests for practicing dexterity and machine operations. Originally, the simulated 
exercises trained basic robotic skills; however with advances in technology, surgeons can now train for specific 
procedures (e.g. nephrectomy and hysterectomy). 

 
Figure 1. Simulators of the da Vinci robotic surgical system 

Our hospital research laboratory has purchased each of these three simulators for the purpose of studying their 
effectiveness and applying them to the education of robotic surgeons, specifically for the Department of Defense 
(DoD). The DoD is interested in the effectiveness of the simulators to train military surgeons prior to and after 
returning home from deployments. This research is structured as three distinct stages. 
 
From the first stage of this work, the authors summarized the objective characteristics of the three systems. This 
included descriptions of the exercises offered in each, metrics used to evaluate students, overview of the system 
administration functions, physical dimensions and configurations of the equipment, and comparisons of the costs of 
the devices and their support equipment (Smith & Truong, 2013). In the first simulator, the trainee sits at and 
operates the simulated environment using the actual da Vinci surgical console. The simulator is a custom computer 
appended to the surgical console through the actual surgical data port. While the simulator costs approximately 
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$100,000, the surgical console costs $500,000 incurring an investment of $600,000. Using this simulator, users can 
train using the actual hardware they would use during surgery; however, this requires the use of the surgical console 
that may be needed to conduct surgeries. Most hospitals may not have a dedicated training console, meaning that 
users would not have appropriate access to the simulator. The second is a standalone system that utilizes a 
graphic/gaming computer, connected to a custom desktop viewing and control device that replicates the hardware of 
the da Vinci surgeon’s console. This system shares similar software with the dVSS, but does not require the use of 
any actual da Vinci hardware. The cost of this simulator is approximately $100,000. The third is composed of a 
completely customized replica of the da Vinci surgeon’s console. Internally the simulator contains a graphic 
computer, a 3D monitor, and commercial Omni Phantom haptic controllers. This simulator uses unique software and 
is a little more than $100,000 (Smith &Truong, 2013).   

This paper reports on the second stage of this research, in which the validity and usability of the simulators is 
examined. The third stage will be a measure of learning effectiveness using the systems.  
  
Validity in Surgical Simulation 

The validity of medical and surgical simulators is usually measured by the categories defined by McDougal (2007). 
This paper defines the most commonly recognized forms of validation as: face, content, construct, concurrent, and 
predictive validity.  Face validity is typically assessed informally by users and is used to determine whether the 
simulator is an accurate representation of the actual system (i.e. the realism of the simulator). Content validity is the 
measure of the appropriateness of the system as a teaching modality. Experts who are knowledgeable about the 
device typically assess this via a formal evaluation. Construct validity is the ability of a simulator to differentiate 
between the performances of experienced users and those who are novices. Concurrent validity is the extent to 
which the simulator correlates with the “gold standard” and predictive validity is the extent to which the simulator 
can predict a user’s future performance. Collectively, concurrent and predictive validity are known as criterion 
validity and are used as measures of the simulator’s ability to correlate trainee performance with their real life 
performance. Face and content validity are most effective in evaluating the ability of a simulator to train a surgeon; 
however construct, concurrent, and predictive validity are most useful for evaluating the effectiveness of a simulator 
to assess a trainee.  

The validity of all three simulators has been tested and reported separately for the da Vinci skill simulator  (Hung, 
Zehnder, Patil, 2011; Kelly, Margules, Kundavaram, 2012; Liss, Abdelshehid, Quach, 2012), the dV-Trainer 
(Kenney, Wszolek, Gould, Libertino, Moinzadeh, 2009; Sethi, Peine, Mohammadi, 2009; Lee, Mucksavage, Kerbl, 
2012) and the RoSS (Seixas-Mikelus, Kesavadas, Srimathveeravalli, 2010; Stegemann et al., 2013; Colaco, Balica, 
Su, 2012; Raza et al., 2013). To our knowledge only one publication has compared features of two of the simulators, 
but no comparative studies have been performed with all three of the systems (Liss MA, Abdelshehid C, Quach S., 
2012). Thus, the current study aimed to compare all three commercially available da Vinci simulators and detail the 
findings for face, content, and construct validity for the three systems.  
 

METHODS 

Recruitment  

Participants in this study included medical students, residents, fellows, and attending physicians. Participants were 
recruited from the University of Central Florida Medical School, courses held at the Nicholson Center, and two 
medical robotic conferences (World Robotics Gynecology Congress and Society of Robotic Surgeons Scientific 
Meeting). Subjects were excluded from participating if they indicated that they had participated in a formal robotic 
simulation-training course. 

Each participant was categorized into one of three groups (i.e. Expert, Intermediate, or Novice) according to the self-
reported number of robotic cases (i.e. procedures) he or she had performed. Individuals performing 0-19 robotic 
cases in which they had 50% or greater console time were categorized as Novices, individuals with 20-99 robotic 
cases were considered to be Intermediates, and individuals with 100 or more cases were considered to be Experts.  

Materials 
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After being categorized into an experience level, each participant was assigned a specific order in which they used 
each of the simulators (Figure 2). This order system was used to identify and potentially eliminate any bias that may 
exist by using a specific system first. All participants completed one exercise on each of the simulators. The tasks 
chosen were Peg Board 1 in both the dV-Trainer and the dVSS and Ball Placement 1 in the RoSS. The same task 
was used for both the dV-Trainer and the dVSS because these systems share similar software and exercises. The 
RoSS software contains unique exercises and Ball Placement 1 is designed to teach the same skills as Peg Board 1.  

 

Figure 2. Rotating order of use by subjects, with survey order. 

 

After each exercise on each simulator, participants completed a post questionnaire (Survey 1), which asked for 
feedback regarding their experience on that specific simulator.  After using all three systems, subjects completed a 
second post questionnaire (Survey 2), which asked them to compare all three systems to each other. The 
participant’s performance metrics were also collected from each of the simulators.  

RESULTS 

Demographics 

Subjects were categorized as Novice (n=37), Intermediate (n=31), or Expert (n=37). Sixty-two percent of subjects 
were men and 38% were women with an average age of 43. On average, participants had 15 years in practice and 3 
years of robotic experience. Seventy-six percent were attending physicians and 73% of participants were currently 
or had received robotic training, while 41% provided that they train residents and fellows. There were differences in 
the average age and number of years in practice of participants based on the classification of expert, intermediate or 
novice (number of robotic procedures). These are to be expected, since higher ages are required to achieve higher 
number of years of practice and larger numbers of robotic procedures.   

Validation   

The types of validity evaluated in this experiment were face, content, and construct. To analyze the systems for face 
validity and content validity, questions from Survey 1 were used. The questions were evaluated on a five point 
Likert scale (Strongly Disagree, Disagree, Neither Agree or Disagree, Agree, and Strongly Agree). Face validity was 
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analyzed by expert and intermediate feedback as recommended by Van Nortwick et al. (2010) because these are the 
users most familiar with the robotic system; however, only expert feedback was used for content validity because 
they have the best ability to judge the appropriateness of the system as a training tool. For construct validity, 
performance metrics such as Overall Score, Time to Complete, Number of Errors, and Economy of Motion were 
analyzed (Table 1).  

Table 1. Questions and data used for different levels of validity. 
Type of 
Validity 

Evaluation Type of 
Participant 

Question/Metric 

Face 
Validity 

 

Survey 1 
 

Expert and 
Intermediate 
 

Q1: The hand controllers on this simulator are effective for working 
in the simulated environment (Likert).  

Q4: The device is a sufficiently accurate representation of the real 
robotic system (Likert).  

Content 
Validity 

 
 

Survey 1 
 
 

Expert 
 
 

Q2: The 3D graphical exercises in the simulator are effective for 
teaching robotic skills (Likert).  

Q5: The scoring system effectively communicates my performance 
on the exercise (Likert). 

Q6: The scoring system effectively guides me to improve 
performance on the simulator (Likert).  

Construct 
Validity 

 
 
 

Simulator 
 
 
 

Experts and 
Novices  
 
 
 

Overall Score (points) 
Number of Errors (count) 
Time to Complete (seconds) 
Economy of Motion (centimeters) 

 
Face Validity 
The responses of Intermediate and Expert participants (n=68) were used to determine face validity (Table 2). A Chi-
square test of independence was used to evaluate the distribution of scores for a specific simulator in relation to the 
order of the system’s presentation to the subject. This analysis indicated that there was no difference in participants’ 
answers according to the order in which the systems were presented; and established that no bias was present due to 
the presentation order (p>0.05). These questions asked participants to evaluate whether the hand controllers on the 
simulator were effective for working in the simulated environment (Question 1) and if the device is a sufficiently 
accurate representation of the real robotic system (Question 4). For both questions, the RoSS had the lowest average 
score, dV-Trainer had the second highest score, and the dVSS had the highest score of the three. A repeated 
measures ANOVA verified that the systems were scored differently for both questions (p<0.001).  

Table 2. Average scores from a 5-point Likert scale on face validity. 
 DVSS dV-Trainer RoSS 
Q1: The hand controllers on this simulator are effective for 
working in the simulated environment. 

4.80 3.62 2.17 

Q4: The device is a sufficiently accurate representation of 
the real robotic system. 

4.65 3.45 1.82 

 

Content Validity 
Expert (n=34) responses were used to determine whether the simulators were appropriate teaching modalities (Table 
3). As seen in Table 3, 100% of participants either agreed or strongly agreed that the 3D graphical exercises in the 
dVSS were effective for teaching robotic skills while 59% disagreed or strongly disagreed that the RoSS’ 
capabilities were effective. When asked if the scoring system effectively communicated their performance, 88% of 
dVSS users agreed or strongly agreed, while 79% of dV-Trainer users agreed or strongly agreed. Similarly, 91% and 
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82% of participants agreed or strongly agreed that the dVSS and dV-Trainer, respectively, effectively guided them 
to improve their performance, while only 36% felt the RoSS provided the same guidance.  

 
Table 3. Scores on a 5 point Likert scale for content validity questions. 

Likert Score Strong Dis Disagree Neither Agree Strong Agree 
Q2: The 3D graphical exercises in the simulator are effective for teaching robotic skills. 
DVSS 0% 0% 0% 35.3% 64.7% 

dV-Trainer 2.9% 5.9% 11.8% 50.0% 29.4% 

RoSS 20.6% 38.2% 17.6% 17.6% 5.9% 

Q5: The scoring system effectively communicates my performance on the exercise.  
DVSS 2.9% 5.9% 2.9% 38.2% 50.0% 

dV-Trainer 2.9% 2.9% 14.7% 55.9% 23.5% 

RoSS 17.6% 20.6% 26.5% 29.4% 5.9% 

Q6: The scoring system effectively guides me to improve performance on the simulator.  
DVSS 0% 0% 8.8% 61.8% 29.4% 

dV-Trainer 2.9% 2.9% 11.8% 61.8% 20.6% 

RoSS 18.2% 18.2% 27.3% 33.3% 3.0% 

 

Construct Validity 
The overall score, number of errors, time to complete, and economy of motion scores collected by the simulators for 
Experts (n=37) and Novices (n=37) were used to compare construct validity (Table 4). Overall score is a metric 
synthesized by multiple metrics and is specific to the individual simulator.  Intermediate subjects were not included 
in the construct validity analysis because it was only necessary to look if the simulator could distinguish specifically 
between novice and expert users.  

For the RoSS, the analysis has 23 missing data points because the system does not report scores when a user exceeds 
a maximum exercise time or chooses to terminate the exercise before completion. This resulted in a sample of 30 
experts and 21 novices on that system. A Mann-Whitney U test showed that the distributions of time (p=0.221), 
number of errors (p=0.644), and economy of motion (p=0.566) were not statistically different for the experts 
compared to the novice group. The overall score metric is not automatically exported by the simulator and therefore 
was not analyzed for this sytem. 

The dV-Trainer analysis of experts (n=37) and novices (n=37) had three missing values for economy of motion and 
completion time and five for the overall score metric, thus the analysis contained varying number of subjects. A 
Mann-Whitney U test showed that the distribution of the overall scores was not significantly different for the expert 
compared to the novice group (p=0.061). These tests did confirm statistical differences for economy of motion 
(p<0.001) and time to complete (p<0.001) for this system with a lower economy of motion value and shorter 
completion time for expert users compared to novices.  

The dVSS analysis included all novice (n=37) and expert (n=37) participants. Using a Mann-Whitney U test, time to 
complete (p<0.001) and overall score (p=0.006) were significantly different for the expert compared to the novice 
group. The expert group had a higher score and a shorter completion time compared to the novice group. However, 
economy of motion did not show a statistical difference with this analysis (p=0.216). 
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Table 4. Mann-Whitney U test level of significance on construct validity measures 
 DVSS dV-Trainer RoSS 
Time to Complete p<0.001 p<0.001 p=0.221 
Overall Score p<0.01 p=0.061 n/a 
Economy of Motion p=0.216 p<0.001 p=0.566 
Number of Errors n/a n/a p=0.644 

The construct validity of the simulators was more specifically analyzed in terms of the self-reported number of cases 
of all participants (n=105) using a non-parametric correlation coefficient (Spearman’s). For the RoSS, 30 
participants were excluded from the analysis. For the participants that were included in the analysis (n=75), there 
was not a significant correlation between time to complete (p=0.181), number of errors (p=0.563), or economy of 
motion (p=0.390) with the total number of robotic cases performed. 

For the dV-Trainer, four participants were excluded from the entire analysis and two participants were excluded 
from the overall score (Overall Score n=99; Economy of Motion and Time to Complete n=101). When analyzing the 
number of participants’ robotic cases, there was a statistically significant correlation between overall score (p=0.03), 
economy of motion (p<0.01), and time to complete (p<0.01). The correlation value was negative for economy of 
motion and time to complete, showing that with a greater number of robotic cases, the time taken and distance 
moved decreased. The correlation was positive for overall score indicating that the participants’ score increased with 
the number of robotic cases performed.  

For the dVSS, two participants were excluded from the analysis (n=103). When analyzing the metrics in terms of the 
total number of robotic cases performed, there was a statistically significant difference between overall score (p 
=0.01) and time to complete (p <0.01). The correlation value was negative for time and positive for overall score, 
signifying that with more robotic cases the time taken decreased and the score increased. There was not a 
statistically significant correlation between economy of motion and the total number of robotic cases performed 
(p=0.105).  

Table 5. Correlation between level of experience and simulator scores 
 DVSS dV-Trainer RoSS 
Overall Score p=0.001 p=0.031 n/a 

Time to Complete p<0.001 p<0.001 p=0.181 
Economy of Motion p=0.105 p<0.001 p=0.390 
Number of Errors n/a n/a p=0.563 

 

Usability (Preference) 

The questions from the Survey 2 were used to understand the preference of the subjects when using the simulators. 
All subjects were included in this analysis except for two participants who were dropped from the analysis because 
they did not complete the questionnaire. The participant’s responses to the usability questions can be seen in Figure 
3:  

• If you are (were) a program director, which simulator would you choose for your trainees; 
• In which simulator were you physically more comfortable; 
• Which simulator had the best hand controls; 
• Which simulator had the best foot controls; 
• Which simulator had the best 3D vision; 
• Were you feeling stressed or annoyed by any of the simulators? 
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Figure 3. Description of usability responses 

Overall, most participants preferred the dVSS and indicated that they would choose this device as a training system 
if they were a program director. Participants not only felt most comfortable in the dVSS, but also felt that the system 
had the best control and vision equipment. The least preferred system was the RoSS which most participants also 
agreed made them feel stressed or annoyed. Ten percent of participants also responded that they felt stressed or 
annoyed by both the dV-Trainer (dVT) and the RoSS.  

Cost 

All participants were also asked to provide feedback on their simulator preference in terms of the cost of the system. 
The responses were analyzed in terms of the frequency of the responses given. Most participants felt that the mimic 
dV-Trainer was worth the investment; while most felt that the RoSS was not worth the money. When asked about 
the dVSS, only 56% of participants agreed that it was worth the investment. Figure 4 provides a full description of 
the responses.  

 
Figure 4. Description of cost preferences 
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DISCUSSION 

The aim of this study was to conduct a comparison of the three commercially available simulators used to train 
surgeons on the daVinci robotic system. The study was performed for the US Army to assist them in making a 
purchasing and deployment decision regarding robotic simulators. Their interest is in re-training robotic surgeons 
who have been deployed to combat zones, where they have served as trauma surgeons for many months. Prior to 
resuming their robotic specialties, these surgeons need a program to both refresh and re-validate their robotic skills. 
This study provided information about the face, content, and construct validity as well as usability of the systems. 
The simulators were perceived to be different in their representation of the real robotic system. The dVSS was most 
preferred in terms of ergonomics and usability; however, most participants did not feel that this system was worth a 
$600,000 investment. In terms of cost, most participants agreed that the dV-Trainer had the best cost-effectiveness. 
The RoSS was the least preferred system for comfort and other usability aspects (i.e., hand controls, foot controls, 
and 3D interface), with most participants feeling stressed or annoyed when using the system. This study was unable 
to validate the face, content, or construct validity for this system. 

The dVSS leverages the actual hardware used to perform robotic surgeries for use in the simulated environment, 
which allows for a more realistic experience, but decrease its availability and creates a higher cost for training than 
other robotic simulators. Economy of motion was not able to differentiate novices from experts in the dVSS, which 
could be attributed to the ease of use of the controllers allowing novices to move the controls as efficiently as 
experts. The generous workspace of the dVSS could also have an impact on the lack of difference. In contrast to the 
dVSS, the dV-Trainer is a standalone simulator and does not require the support of the daVinci hardware to operate. 
This allows for better accessibility and requires less of an investment for training. The overall score aspect of 
construct validity may not have shown a difference between novices and experts because of the way that the scoring 
is developed. The scoring system is constructed with a “ceiling” that prevents users from achieving a high overall 
score without attaining high scores across multiple metrics.  

Currently, there is limited data available that confirms construct validity of the RoSS. Similarly to Raza (2013), this 
study was unable to confirm a difference between experts and novices in terms of time taken to complete the 
exercise. Time to complete, as well as economy of motion, is considered a highly relevant measurement of expertise 
levels for robotic surgeons (Perrenot, Perez, Tran, Jehl, Felblinger, Bresler, & Hubert, 2012). To our knowledge this 
three-part study is the first to compare all three available systems. This study involved the largest sample size and 
diversity of participants (i.e., experience levels, number of robotic cases, and subspecialty type) thus far in relevant 
publications. The lack of consistency in the available exercises and scoring systems across the three systems was a 
limitation to the study. Considerations for future research would be to use more complex exercises and increase the 
depth of the face and content validity evaluation.  

Current research is focused on the effectiveness of the simulators and objectively measuring the transfer of training 
to the actual robotic system. All three simulators will be examined in this final stage of the experiment; however, the 
results of this three-part study will guide the choice of simulators used for future studies at Florida Hospital 
Nicholson Center and may also influence decisions at other laboratories. Also, this research may impact the 
purchasing decisions of customers for these devices.  
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ABSTRACT 
 
The daVinci Surgical System offers surgeons improved capabilities for performing complex minimally invasive 
procedures; however, there is no standardized assessment of robotic surgeons and a need exists to ensure that a 
minimal standard of care is provided to all patients. The Department of Defense and governing surgical societies 
convened consensus conferences to develop a national initiative, resulting in a curriculum called the 
Fundamentals of Robotic Surgery (FRS). FRS is comprised of an online curriculum and a psychomotor skills 
dome.  
 
This paper describes the production process used to create a psychomotor skills assessment device - the FRS 
Dome. The device was designed to measure the essential skills that are required of any robotic surgeon and to 
provide a basis upon which to grant or deny privileging with the robot. It was constructed to test seven tasks of 
manual dexterity: Docking, Ring Tower Transfer, Knot Tying, Suturing, 4th Arm Cutting, Puzzle Piece 
Dissection, and Energy Dissection.  
 
The initial design of the device was created by a committee of experienced minimally invasive surgeons, with a 
background in testing protocols and materials. The design was rendered in computer animation, which kick-
started a prototyping effort with physical materials. These included platinum cure silicone approximating human 
tissue and a 3D polyjet printer for the structural framework. Usability testing was conducted and iterative 
modifications were made to improve ergonomics, standardization, and cost requirements. Final CAD diagrams 
and specifications were created and distributed to medical and simulation companies for both physical and 
digital manufacturing. This development process demonstrates the evolution of a simulation and a physical 
testing device based on international expert consensus. The specifications are open source, allowing competitive 
production and future iterations. The goal of this paper is to discuss how this device evolved from an idea to a 
manufactured product and a digital simulation.  
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INTRODUCTION AND BACKGROUND 

Robotic surgery has been established as an innovative approach in surgery due to a telemanipulator device, 
which introduced a new dimension into surgical tools. This device allows surgeons to manipulate robotic arms 
from a remote console to perform complex surgical procedures. Robotic surgical systems overcome laparoscopic 
limitations and facilitate the performance of minimally invasive surgery due to 3D vision, 7-degree-of-freedom 
instruments, tremor abolition, motion amplification, and stabilization of the camera (Patel et al., 2013; Hubens, 
Coveliers, Balliu, Ruppert, & Vaneerdeweg, 2003; Blavier, Gaudissart, Cadière, & Nyssen, 2007). The system 
also offers 10x magnification, wristed instruments, and a third working arm. Currently, the only system is 
Intuitive’s da Vinci Surgical System (Figure 1). 

Figure 1. da Vinci Surgical System 

Robotic surgery has demonstrated safety and effectiveness for urologic, gynecologic, ENT, and complex general 
surgery procedures (Barbash, Friedman, Glied, & Steiner, 2014; Serati et al., 2014; Maan, Gibbins, Al-Jabri, & 
D’Souza, 2012; Luca et al., 2013; Zureikat et al., 2013). Exponential growth of minimally invasive procedures, 
particularly robotic-assisted procedures, raises the question of how to assess robotic surgical skills. This device 
also introduces a specific need for training and certification to ensure a minimal standard of care for all patients. 
Some institutions have attempted to develop and validate robotic training in regards to specific specialties 
(Chitwood et al., 2001; Geller, Schuler, & Boggess, 2011; Grover, Tan, Srivastava, Leung, & Tewari, 2010; 
Chowriappa et al., 2014; Jarc & Curet, 2014); however, the lack of a national standard has pushed surgical 
societies (e.g. the Society of American Gastrointestinal and Endoscopic Surgeons and Society of Robotic 
Surgery) to develop a unified approach and standard for robotic skills training (Zorn et al., 2009). 

To develop a comprehensive model for robotic surgery, the Department of Defense, Veterans Administration, 
and fourteen surgical specialty societies convened multiple consensus conferences to create the Fundamentals of 
Robotic Surgery (FRS) curriculum. A similar education and training initiative was implemented for use in 
laparoscopic surgery, which resulted in the Fundamentals of Laparoscopic Surgery (FLS). FRS Conference 
participants included more than 80 subject matter experts (SMEs), consisting of surgeons, psychologists, 
engineers, simulation experts, and medical educators (Smith, Patel, Chauhan, & Satava, 2013). 

The committee’s vision of FRS was driven by two main goals: to ensure a perfect understanding of the basics of 
robotic surgery and to develop a psychomotor skills program that focused on basic robotic tasks. The intended 
users for this program are novice robotic surgeons, who could be residents or fellows and attending surgeons 
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who have never used the robotic system. The committee began by outlining outcomes measures and metrics, 
which touched on the essential cognitive, psychomotor, and team training skills. This resulted in a prioritized 
matrix of 25 robotic surgery concepts, which is the core material used in the design and development of the FRS 
Curriculum (Smith, Patel, Satava R, 2013). Two assessment tools were created: an online curriculum for 
knowledge and team training skills and a device for psychomotor skill training and evaluation ( Levy, n.d.). 
 
This paper discusses the process for designing and creating the physical device, known as the FRS dome. The 
purpose is to share the evolution of an idea to a usable device. The dome was conceived by experts who 
identified a clear need for robotic education and collectively developed a solution to fill the gap. The medical 
field is a constant progression of new concepts, devices, and technology. This paper also outlines the framework 
for which others can develop and introduce new concepts in medicine and other domains. 

 
BRAINSTORMING AND CONCEPT DEVELOPMENT 
 
Exercise Development 
 
Of the 25 FRS concepts, 16 are directly linked with psychomotor skills. The FRS committee members then 
identified seven exercises that incorporated all 16 skills. These exercices include docking and instrument 
insertion, tower transfer, knot tying, railroad track, 4th arm cutting, puzzle piece dissection, and vessel energy 
dissection (Table 1). Docking and instrument insertion is an essential and unique robotic skill to begin a 
procedure. Failure at this stage of the procedure can compromise the surgery.  Ring Tower transfer is a non-
surgical exercise that introduces the utilization of endowrist manipulation and the 7 degrees of freedom to 
surgeons. Knot tying and railroad track are the base of a suturing exercise. The technology introduced in the 
wristed instruments facilitates the performance of these tasks. 4th arm cutting is another task specific to robotics, 
which tests surgeon’s autonomy. The 4th arm allows surgeons to manage three instruments by using a foot pedal 
to switch between working arms. Puzzle piece and vessel energy dissection are critical tasks, which incorporate 
complex articulation of instruments and application of energy (i.e. cauterization and cutting).  
 

Table 1: Description of the basic psychomotor skills attached to the seven FRS tasks. 

Exercises Skills 

Task1: Docking & Instrument Insertion: 

 

- Docking  
- Instrument insertion  
- Eye-hand coordination 
- Operative field of view 

Task 2: Ring Tower Transfer: 

 

- Eye-hand coordination 
- Camera navigation 
- Clutching 
- Wrist articulation 
- A-traumatic handling 

Task 3: Knot Tying: 

 

- Knot tying 
- Suture handling 
- Eye-hand coordination 
- Wrist articulation 

Task 4: Railroad Track: 

 

- Needle handling & manipulation 
- Wrist articulation  
- A-traumatic handling 
- Eye-hand coordination 
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Task 5: 4th Arm Cutting: 

 

- Multiple arm control & switch 
- Cutting 
- A-traumatic handling 
- Eye-hand coordination 

Task 6: Puzzle Piece Dissection: 

 

- Sharp and blunt dissection  
- Cutting 
- A-traumatic handling 
- Eye-hand coordination 
- Wrist articulation 

Task 7: Vessel Energy Dissection: 

 

- Energy sources use 
- Sharp dissection 
- Cutting  
- Multiple arm control 
- A-traumatic handling 
- Eye-hand coordination 

 
Device Development 
 
The FRS committee envisioned all of the exercises contained on the outer surface of a single device. This would 
allow for the exercises to be administered quickly and easily, incur less cost, and ensure uncomplicated storage 
and transportation. The semi-spherical form (i.e. the dome), was quickly decided on as a shape which would 
integrate with the current robotic system. They depicted their ideas through simple drawings and crude models 
made from materials found on hand.  During initial design planning, conference participants experimented with a 
variety of arrangements of the exercises on the dome.  
 
A final sketch was developed and delivered to a 3D digital artist to create static pictures of the device, along with 
an animation of the performance of each exercise. The CGI provided the first formal images of the dome, which 
gave life to the device and proved feasibility. The realistic animations showed the exercises being performed and 
gave committee members a visual concept of how the device would function (Figure 2).  

 
Figure 2. The initial 3D graphic FRS dome design 

 
 
PROTOTYPING 
 
The prototyping process began using the ideas developed in the design meeting and the CGI. This process would 
prove to be fundamental in confirming the design expectations. It was essential to determine if a single device 
could physically house all of the exercises effectively, if the planned architecture was compatible with the 
robotic system, and if the outcomes of the exercises could be measurable and reproducible.  
 
Low-fidelity Prototypes 
 
Low-fidelity prototypes (LFPs) were created using simple and inexpensive materials. None of the materials used 
in the LFPs were intended for inclusion in a final product. These materials were chosen because they were 
readily available, inexpensive, and easy to manipulate to test fit and function. These materials allowed rapid trial 
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and error testing of the technical aspects, clarifying requirements, and proving usability. The testing of the LFPs 
was performed using the da Vinci Surgical System and was video recorded. These recordings were sent to FRS 
committee members to provide their feedback. Each LFP resulted in multiple improvements to the designs, 
which were tested on subsequent prototype versions.  

The base model of the LFPs was created using half of an 8” Styrofoam sphere as the support structure, yellow 
felt material as the fat layer, a latex swimming cap for the skin layer, and straws for the embedded vessels. The 
base of the towers was constructed using synthetic foam blocks carved into a cone shape (Figure 3). The exercise 
patterns were drawn onto the surface using a permanent marker.  

Figure 3. Base of Low Fidelity Prototypes 

The LFPs evolved over six iterations, all of which introduced design improvements (Figure 4). At the earliest 
phase in LFP testing, it was quickly realized that the dome size was too large to fit under the robot arms 
appropriately. So, the dome size was decreased from 8” to 7”. Another modification made early in the LFP 
development was to change the 4th arm cutting band from a rigid tube to an elastic band. This allowed for the 
user to adequately stretch the band prior to each cut.  

Figure 4. Iterations of LFPs 

The suturing and dissection exercises involved the most modifications during the LFP stages. The original 
cloverleaf shape, used for the dissection exercise, was found to be too large and did not allow for the surgeons to 
access the section of the shape that was located on the backside of the dome. The size of the pattern was reduced; 
however, this did not mitigate the accessibility issue. The team experimented with other options, such as splitting 
the clover leaf into three sections and adding smaller shapes to the center of the cutting area. This design was not 
practical because once the smaller shapes were cut, the latex receded and inhibited surgeons from cutting the 
surrounding shape.  

Eventually, the dissection shape evolved to a puzzle piece that incorporated all of the prerequisites for the 
dissection exercise (i.e. an accessible shape and a complex design). By using this compact pattern it became 
clear that all exercises could be grouped into an area covering only one third of the surface of the dome. This 
opened the opportunity to replicate the cluster of exercises three times on the surface, reducing the materials and 
costs for repeatedly practicing with the device. Another obstacle was to build the suturing exercise with the 
adequate materials and placements, to ensure a realistic feeling of suturing. Originally, the incision was made 
into the latex swim cap, however the latex would tear away and recede after the incision was cut in this model. 
Two versions of the suture module were experimented with: an embedded silicone and an external latex model. 
Eventually the embedded silicone model was chosen as the most realistic and practical for the exercise. 
Ultimately, the basic structural changes found in the low-fidelity prototyping were:  

• The dome base needed to be reduced to 7”
• The dome base needed to be substantial in weight to keep from moving under the force of the robot
• A smaller, yet equally complex dissection shape was necessary
• The exercise sets could be grouped to allow them to be repeated on the surface of a single dome
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• The magnets which held the towers to the dome needed to be of sufficient strength to hold through the 
layers of fat and skin 

 
High-Fidelity Prototypes 
 
The high-fidelity prototypes (HFPs) were made using higher quality, custom materials. These materials had the 
desired qualities of the final product and could be used as a basis for the large scale manufacturing process. The 
styrofoam base from the LFPs was replaced with a support structure that was printed using a 3D polyjet printer 
(Figure 5). A polyjet type 3D printer works similarly to an inkjet printer in that it distributes layers of polymer to 
build the desired design, which is cured by UV light. This type of printer was chosen because of the versatility 
allowed by printing multiple materials at once. Also, the jet lays 16𝜇𝑚  layers of liquid polymer, which gives 
printed parts a finer resolution. Using this printer, a dome shell with a lid was created. The shell and lid had 
divots covering the surface, allowing for magnets to be moved to many different placements on the dome during 
design experiments. A small jig was also created using the 3D printer. Prior to the creation of the jig, the wires 
were made by hand, but the jig enables the standardized creation of the S-shaped and I-shaped tower wires. The 
price to print these items was approximately $1,000.  
 

 
Figure 5. 3D printer with 3D printed dome, cap, towers, and jig 

 
The synthetic tissue layers were created using Smooth-On platinum cure silicone products. These are two part 
silicones, which can be colored and mixed with other additives to achieve the desired product attributes such as 
durometer. The silicone used for the “fat” layer gave a gel-like and slightly sticky texture (Eco-flex Gel), while 
the “skin” silicone had a more firm and non-sticky quality (Ecoflex-0030). These silicones were chosen because 
they gave the closest resemblance to actual tissue properties. The fat silicone was poured directly onto the dome 
to the desired thickness. A clay mold was then made to replicate that thickness, which was used to form the skin 
layer (Figure 6). Embedded in the skin was a layer of polyester mesh, which helped to provide structure and 
stability of the skin. Small vessels were also created by quickly curing the silicone to a small tube. Using these 
materials we were able to create a set of synthetic tissues for less than $20. 
 

 
Figure 6. Pouring of silicones and first HFP 

 
The puzzle piece shape and the other markers were drawn on the skin surface using a permanent marker. The 
exercises were drawn on in different locations, sizes, and orientations for the first HFP. After testing the HFP on 
the robotic system, we finalized the size and orientation of the exercises on this new dome. This is important 
because as learned in the LFP stage, the exercises needed to be placed strategically to compensate for the range 
of movement of the robotic arms. Despite having 7 degree-of-freedom instruments, there are still limitations to 
the amplitude of the movement of the robotic arms. We also determined that three trials of each exercise could 
fit on one dome, so each work station (i.e. group of exercises) repeated at 120 degree increments on the dome. 
Eventually, we determined that after dissecting the three vessels significant space was available for more 
dissection in the fat layer. So, we added three additional vessels located to the right of the original vessels and 
out of range of potential damage from other exercises (Figure 7). By doing so, the fat could be used six times 
and the skin used three times, which incurs lower costs for the materials used during training. 
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Figure 7. Vessel placement on dome and in fat 

Over many iterative models, we improved our techniques and experimented with different materials and 
additives to achieve the desired qualities. For example we began adding a Thixotropic additive to thicken the 
mixture and allow us to cast the material onto a curved surface. We also tested different inks and techniques of 
printing the shapes and markers on the skin; however, most inks and paints cannot be used on silicone. We 
decided to use a silicone based paint product, which cured the design to the silicone surface.  

We 3D printed miniature dome models (2” in diameter) to begin testing molding materials. We created silicone 
molds and used a urethane plastic to cast the model. By doing this we realized that the original 3D printed 
material was porous and caused bubbling in the molding, leading to surface bubbles on casted models. So, a new 
full sized dome was printed in a smoother and less porous material, which would be better for manufacturing. 
The new dome shell and cap was designed with divots only at the locations necessary for holding a tower 
(Figure 8). 

Figure 8. Final 3D printed dome shell 

Since this device will be used for training and education, a high level of standardization is necessary. For this we 
added small markers that ensure the pieces are assembled correctly and in a standardized manner for all 
participants. Table 3 details the standardization pieces.   

Table 3.  Description of the Standardization Markers 
Standardization Markers 

Tower tongues Used to orient the towers in the correct direction for each exercise. 

Triangle in lid Used to show proper orientation of the towers that are placed in the cap. 
The towers are placed in the two locations directly in line with the 
puzzle piece and with the tower tongues on the corresponding line of 
the triangle. This ensures that the S-shaped towers face the correct 
direction for all users.  

Tower orientation markers These markers are used to show the placement of the towers on the skin 
and the orientation of the tower. The towers are placed on the marker 
with the tongue aligned with the tongue mark. This ensures that all 
towers face the correct way.  
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Triangles on dome shell These small markers are located at 120 degree increments on the lower 
edge of the dome. They signify where the embedded vessels should be 
located when the tissue layers are placed on the shell.  

Triangles on fat There are two types of triangle markers on the fat: open and closed. The 
closed triangles indicate the location of the first use vessels. When the 
fat is placed on the dome, the closed triangle is aligned with the triangle 
marker on the dome shell. After all three vessels are used, the fat is 
rotated and the open triangles are aligned with the triangles on the 
dome. This ensures that the vessels are in the accurate location for the 
dissection exercises.  

Triangles on skin The triangle markers on the skin are aligned with the triangles on the fat 
layer. These ensure that the puzzle piece lies directly over the vessel and 
that the tower markers align with the underlying magnets.  

Cap placement notch The notch in the cap ensures that users place the cap in the correct 
orientation. Since the magnet divots are placed in the shape of a 
triangle, the cap has to be secured in a specific orientation for the 
magnet divots to align properly.  

In the final HFP, the exercises existed as they would in the manufacturing phase. Final testing was performed in 
order to ensure that all specifications were correct and to build a specifications document, which was used to 
create final CGI and CAD files (Figure 9).  

Figure 9. Final HFP 

PRODUCTION 

The final CGI, CAD, and specification document were sent to the manufacturing company and simulation 
companies to assist them in their development of physical and virtual domes (Figure 10).  
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Figure 10. Final CGI 

A local manufacturer, familiar with the materials used during prototype testing, used the dome and performed all 
of the exercises prior to beginning the process. This provided a first-hand experience of why certain material 
qualities were so important. The goals for this phase, in addition to mass production, were to maintain device 
integrity and minimize cost. Some of the materials used during prototyping were more expensive than what 
would be feasible for training centers. For example the $1,000 materials cost for the 3D printed dome was 
reduced to less than $25. 

The simulation exercises of the FRS dome will be incorporated into two simulators: the da Vinci Skills 
Simulator (dVSS) and the Mimic dV-Trainer (Figure 11). Both systems contain the six FRS exercises, but vary 
in their software and hardware. The dVSS is a simulation system, which integrates with the actual console of the 
surgical system. This allows users to train using the exact hardware that they use when operating. The dV-
Trainer is a standalone system that uses custom hardware and software. These simulations give the users 
experience performing the FRS exercises without requiring the use of the entire robotic surgical system. 
Generally, the systems are dedicated resources to the hospital surgical department and difficult to reserve for 
training purposes. The simulators also allow unlimited practice sessions without consuming the physical 
materials of the dome. The research team worked with each of the simulator companies to create and test 
multiple prototype versions of the exercise software. Our extensive experience with the real materials and our 
surgeons’ experience with human surgery allowed us to critically evaluate the simulated behaviors of materials 
and the scoring methods. This feedback has led to significant improvements in the accuracy and usability of the 
simulators.  

Figure 11. Mimic dV-Trainer and Simbionix’s dVSS simulated dome exercises 

Maintaining the simulated physical properties of the dome was paramount. Since the simulations may be used 
without proctors, the physical behaviors have a considerable impact on the scoring metrics and guidance that is 
given for improving performance. The research team evaluated the simulated exercise properties including 
elasticity of materials, flexibility of sutures, simulated gravity, and the effects of excess force on the virtual 
device to ensure that it behaved similar to the real dome. The real materials however were also limiting to some 
of the desired qualities, particularly in the vessel dissection exercise. The silicon-based materials act as 
insulators, preventing cauterization of the small vessel. Both simulators allow the user to apply energy for 
cauterization, as well as receiving a visual indication that the vessel is losing blood, prompting the user to 
manage the situation appropriately.  

Some of the metrics also varied between the physical and simulated domes. While the physical dome is scored 
via expert video reviewing, the simulator can more objectively assess a user’s performance. This allows the 
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simulated exercises to score some errors more accurately, such as instruments being out of view for a specific 
amount of time and over a specific distance.  

The research team will include these simulations in a pilot study and provide the simulation companies further 
formative feedback on the usability of their systems, to mitigate complications that may occur during the larger 
multi-site validation study that will follow. This pilot study will also establish preliminary scoring benchmarks 
based on expert performance, which will be used to guide the multi-site validation study. 

CONCLUSION 

Over the course of two years, we created an easily integrated device, using low cost but high-quality materials. 
This paper outlines the steps of the FRS dome from idea conception to the development of physical and virtual 
devices. The goal of this paper is to share the evolution and process for others interested in training and 
assessment devices. Since the FRS dome specifications are open-source, this also serves as an important 
resource for potential producers.  

We have taken away several lessons from our experimentation that made our process a success including having 
a multidisciplinary team, soliciting frequent feedback, using easily adaptable designs, testing on small models, 
and using commercial materials during prototyping. Our multidisciplinary team of surgeons and engineers 
allowed for a diverse perspective during the construction of the device. The design changed many times and it 
was beneficial to start off using basic models that accommodated the varying designs. It was advantageous to 
work with actual manufacturing materials once we developed a functional prototype to better envision the final 
product and allow a smoother transition to the manufacturing phase. We recommend testing materials on small 
models, which will help cut time and costs. Finally if possible, work closely with the manufacturing teams at an 
early stage of development, particularly when working with virtual models. This will help to flesh out details and 
encourage collaborative development earlier in the process.  

The next step of this work is to conduct formal validation testing of the curriculum including the device and 
related simulations via a pilot and national multi-site validation study. The FRS dome features basic robotic 
surgical skill exercises, which are applicable to most specialties. This basic device is scalable and will be the 
foundation for the future, more specialized FRxS devices (e.g., the Fundamentals of Robotic Gynecologic 
Surgery (FRGS) and the Fundamentals of Robotic Urologic Surgery (FRUS)).  
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ABSTRACT 

All surgeons must simultaneously perform as skilled practitioners and effective team leaders in the operating 

room. This is further complicated in robotic surgery because the surgeon is removed a short distance from the 

operating table and works from within a specialized cockpit. This separation creates a unique hurdle when a 

crisis arises that requires the surgeon to disengage from the immediate steps of the surgery to provide leadership 

and guidance with issues involving the team, the equipment, the room, or the patient.  

To develop and test these skills we initially created a series of scenario-based videos with quizzes to evaluate 

surgeon understanding of these leadership responsibilities. Using these as a guide, we developed a game-based 

virtual environment containing the same information as the videos but in a 3D interactive space which is 

accessible through a web browser. This environment presents accessible and engaging scenarios that include a 

scoring mechanism which can assess the time to react to events, the actions that occur before and after a 

decision, and the correctness of the decision made. The tool can also present alternative or repetitive scenarios 

when the student does not take the correct action. This paper describes the development process and the 

interactions with the surgeons and operating room teams which drove the design and content of the virtual 

environment. The paper also describes the longer term plans to validate the content and introduction of the game 

to multiple surgical training sites around the country. Though the virtual environment uses a more interactive 

method for presenting leadership and team decision making information, we are interested in whether it is more 

effective than traditional didactic lectures, textual instructions, videos, and live role playing.  
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INTRODUCTION 

Surgery is a team sport requiring the coordinated activities of multiple healthcare professionals. This team 

assembles daily in different combinations for a few hours with the chief surgeon as the leader who is responsible 

for directing the surgical activity. Historically, the surgeon has been the most highly educated member of the 

team, the most socially respected, and the most dominant personality. This has created situations in which the 

surgeon manages the team as a dictator who does not listen to the experience-based concerns and educated input 

from the other members of the team. Organizations like the American College of Surgeons and the World Health 

Organization have responded to these issues by creating and propagating standard practices and training 

materials which promote cooperative participation by all members of the team and an open, inclusive attitude by 

the surgeon/leader of the team. The surgeon remains the primary person responsible for the outcome of the 

surgery, but is encouraged or required to solicit and apply the expertise of all members of the OR team.  

Robotic surgery with the da Vinci surgical robot, the dominant device in the field, introduces additional 

challenges for keeping a team working together. Changes in the physical location and orientation of team 

members create one new hurdle in team cooperation. Figure 1a illustrates the positions of typical members of a 

surgical team for open and laparoscopic procedures. Everyone is physically clustered around the patient, within 

arm’s reach and easy speaking distance of one another. Direct eye-to-eye contact and communication is easy and 

directives to the team are difficult to confuse. By contrast, Figure 1b illustrates the positions of members of a 

robotic team. Most members remain at the bedside, but the surgeon has been separated from the encircled group. 

In order to operate the robot, the surgeon must remove himself from the bedside and take a position within a 

custom console to control the machine. This console pulls their physical actions, visual attention, and mental 

focus into an environment that is separate and unique from the rest of the team. This situation can potentially 

undermine the previous work that has been done to integrate the actions and expertise of the team within more 

traditional forms of surgery.  

Figure 1. Traditional vs. Robotic OR Team Positions. 

The manufacturer of the da Vinci robot has attempted to mitigate this separation by including a microphone and 

speakers in the head-space of the robotic console. So the words spoken by the surgeon are broadcast to the rest 

of the team from speakers attached to the bedside components of the robot. Similarly, a microphone on the 

bedside equipment captures the discussions of the surgical team and carries it to speakers in the surgeon’s 

console immediately next to the surgeon’s ears. External monitors around the bedside also display the picture of 

the internal surgery which the surgeon is seeing within the console. So all members share a common view of the 

inside of the patient and can talk to each other as if they remained around the bedside within arm’s reach of each 

other.  
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To teach and reinforce team management and leadership for surgeons there have previously been video 

instructions and role playing scripts that walk through each of the skills which have been identified as essential 

for surgical teams. The video recordings present previously enacted situations which can contain both correct 

and incorrect activities that the surgeon/student can be evaluated on through questionnaires following the video. 

But the situations do not require interactive participation by the surgeon. Live role playing events allow the 

surgeon and all of the actors to experience multiple variations on the situation and to explore unique ideas which 

emerge in real time. However, these are extremely difficult to coordinate and host. The working schedules of 

surgeons, circulating nurses, surgical technicians, and anesthesiologists are very different. Each profession is 

guided by different certifying boards, departmental management, educational requirements, and working hours. 

Arranging for live events within a hospital or at a professional conference can be nearly impossible with real 

professionals. At some educational conferences, these events have been organized using hired actors for the 

members of the team. These remain expensive and rare events. Though these methods have proven useful, some 

of their limitations may be overcome through a computerized, interactive, game-based learning environment. 

This paper describes a project to create a surgeon leadership and team management virtual environment which 

could be used at a robotic surgeon’s leisure. This environment can include more variations in activities than can 

be easily captured in videos and can provide some of the richness of live role-playing events, but without the 

expense and logistical hurdles.  

This paper describes the process used to design, prototype, and field the virtual world application. The 

application is currently in final in-house testing and will be released for open community testing in the near 

future. After that it will become the basis for a validation trial focused on its educational effectiveness.  

BACKGROUND 

The robotic surgery team training virtual world (RoboTeamView) is the sixth product of a larger effort to create 

materials for the Fundamentals of Robotic Surgery (FRS) program, an authoritative, standardized curriculum for 

certifying the knowledge and skills of aspiring robotic surgeons (Smith, Patel, Satava, 2013).  

The FRS program has leveraged the expertise of more than 50 of the leading robotic surgeons in the world as 

well as a number of educational and engineering professionals, to develop materials which surgical educators 

can use to bring new surgeons to a common, measurable, and professionally accepted level of proficiency prior 

to performing surgery on human patients (see Figure 2). These materials include:  

a. Online Curriculum consisting of text, slides, photos, and videos for teaching the cognitive knowledge

needed by robotic surgeons;

b. Psychomotor Skills Device which measures the tactile skills of a surgeon using the robot;

c. Team Training videos which convey material similar to that included in the RoboTeamView game;

d. Team Training Role Playing Script which can be acted by live role-players;

e. Intuitive Surgical da Vinci Skills Simulator (DVSS) exercises;

f. Mimic dV-Trainer simulator exercises;

g. Simbionix Robotix Mentor simulator exercises; and

h. Robotic Surgeon Team Training Virtual World (RoboTeamView) for teaching team skills to a surgeon

who is training alone.
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a)  
b)  

c)  

d)  

e)  f)  

g)  h)  
Figure 2. Fundamentals of Robotic Surgery Curriculum Products – (a) online curriculum, (b) 

psychomotor skills device, (c) team training videos, (d) role playing script, (e) Intuitive DVSS simulator, 

(f) Mimic dV-Trainer simulator, (g) Simbionix Robotix Mentor simulator, (h) RoboTeamView virtual 

world. 
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METHODOLOGY 

This project used the ADDIE process for design and development of the learning application (Branch, 2010). 

Analysis of Problem. 

Surgeons with years of experience in bedside surgery (open and laparoscopic) described a sense of separation 

from the operating team when they began using the robot for procedures. In spite of the video and audio assistive 

tools which allow members of the team to communicate with each other, the physical separation and lack of 

direct line-of-sight to the team allowed the surgeon to immerse himself in a private world during a procedure. 

Effective communication with the team became something that required a higher level of conscious effort to 

maintain throughout a procedure. Surgeons needed to learn when to use the communication tools in the robot 

and when to disengage from the robot in order to handle situations which required more direct human-to-human 

contact (Hanly et al, 2006).  

Analysis of Users. 

There are two primary users of this virtual world. The first are attending surgeons, fellows, and residents who 

aspire to practice robotic surgery. The second are experienced robotic surgeons who require additional training 

in working effectively with a team. Both groups have limited time to focus on new curricula beyond their current 

work load. Both must learn independently in an environment that they access themselves. They do not have 

dedicated classrooms, equipment, instructors, and class hours as do traditional university students. In most cases, 

the student is expected to learn on their own time and without the collaboration of other members of the OR 

team.  

Analysis of Environment. 

The users typically possess extensive medical and surgical skills, but very limited computer skills. They are 

typically not proficient at installing new applications on computers, or they are using machines that are 

controlled by corporate IT restrictions which prohibit unauthorized applications. These characteristics led to a 

focus on a web-based application with a plug-in which auto installs if needed, and which can be approved for use 

across the corporate environment.  

Design of Instruction. 

Instruction is based on the widely used TeamSTEPPS curriculum (Safny et al, 2011; Thomas and Galla, 2013) 

and WHO checklists for surgery (WHO, June 2008). This material is then modified for application in a robotic 

OR environment. The exchanges with team members in this environment are largely prescribed and standardized 

to reduce miscommunication and the omission of important steps. The instructions for the game were based on 

prior work to create role-playing scripts for robotic OR team members.  

Design of User Experience. 

The primary instructional environment is a virtual robotic operating room which is populated with four avatars 

representing the other members of the team. The surgeon is either viewing a surgical field inside of a patient or 

the team around the operating table. In the former case, the surgeon interacts with a surgical video using menu 

selections at key decision points. In the latter, the surgeon queries an avatar for information and gives it 

instructions to be followed. The primary goal of the environment is to lead the surgeon through specific 

scenarios and assist them in understanding the correct actions that they should apply. This is primarily a learning 

environment and secondarily an assessment tool.  

Development of Virtual Environment. 

Virtual Heroes has previously created a number of healthcare virtual worlds which included digital assets that 

appear in this virtual world. The essential new asset which had to be created was a 3D model of the da Vinci 

surgical robot, a complex piece of machinery with many visible pieces. The robotic arms and hand controls need 

minimal animations for these team scenarios. More work was required for the multiple menu items necessary to 

present all of the decision actions of the team.   

Development of Video Integration. 
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The project required the integration of 3D virtual world assets with prerecorded videos of the surgical field. 

These videos were drawn from the extensive video library of a leading robotic urologist and some videos were 

custom made during live surgeries. From these we were able to select segments of surgeries which corresponded 

to the lessons being taught in the virtual world. Synchronizing virtual actions with video events allowed us to 

avoid creating virtual representations of complex internal human anatomy and the manipulations of those 

models.  

 

Development of Evaluation Criteria.  

 

The scenarios provide multiple decision points at which a surgeon/student must select the correct response from 

a small list of options. The correct selection will lead to acceptance by the avatars and progression to the next 

step. An incorrect selection will cause the avatars to offer advice or to ask leading questions to guide the surgeon 

to a correct action. Performance evaluation is a summation of the correct and incorrect actions taken by the 

surgeon during each scenario. Benchmarking those scores will be part of a future validation process in which 

proficiency levels will be established based on the scores of expert and novice subjects.  

 

Implementation of Training Program.  

 

The training program will be implemented in multiple steps. Initially, the RoboTeamView will be made 

available to a small number of robotic surgeons who assisted with the development of the new curriculum. They 

will provide feedback during the early releases to assist in reprogramming or redesigning features of the 

application. The secondary release will be to a community of expert robotic surgeons who have contributed to 

the creation of previous FRS program materials. These experts are the conduits for sharing the application with 

aspiring robotic surgeons at multiple hospital systems and organizing a validation trial using surgeons, fellows, 

and residents. Finally, the application will be made publically available at no charge for access by anyone who is 

interested in using it for their own personal learning or as a tool within in an educational environment.  

 

Evaluation of Effectiveness.  

 

Acceptance of this material by instructors and institutions for education in robotic surgeon training is an 

encouraging and valuable achievement. But it does not constitute scientific evidence of validity as an effective 

teaching tool. This will be achieved via a multi-site validation trial of the tool with the goal of demonstrating that 

it is an equal or better method of teaching team leadership skills than the existing methods.  

 

DEVELOPMENT 

 

Data Acquisition 

 

The development process began with the acquisition of knowledge and data. The game development team 

observed multiple procedures in the robotic operating room. They were able to watch and listen to all of the 

activities that occurred, and to see each member’s role throughout a procedure. They also witnessed the 

transition of nursing support staff completing a shift or leaving for a break during a procedure. Following this 

exposure, robotic surgeons were interviewed, introduced to the product concept, and provided their guidance on 

how such a product could be structured for effective education. An analysis of the published literature of the use 

and availability of simulators or virtual worlds for robotic surgeons indicated that a leadership-focused tool for 

team communication skills had not previously been created (Kumar, Smith & Patel, 2015). Therefore, many of 

the educational design concepts of this project were being created for the first time.  

 

The team reviewed existing curriculum in textual script and video recording formats. These were based on best 

practices which have been created by the TeamSTEPPS program and the World Health Organization for safe 

communications in the operating room. Together with the data collected from the surgeons, the team arrived at a 

small set of scenarios to be included in the virtual world, as listed in Table 1.  
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Table 1. Surgical Scenarios Created 

S1. Instrument Exchange (Request and Call Back) 

S2. Material Insertion & Retrieval (Request and Call Back) 

S3. Two-challenge Rule for a Safety Issue (CUS and SBAR) 

S4. Personnel Change (Handoff Responsibilities) 

S5. Check Back 

S6. Emergency Robotic Undocking Procedure 

S7. Pre-Brief (Checklist or Sign-in) 

S8. Post-procedure Debrief (Checklist or Sign-out) 

S9. Recoverable Robotic System Fault 

S10. Non-recoverable Robotic System Fault 

S11. Broken Instrument 

S12. Difficulty Removing/Reinserting an Instrument 

S13. Loss of Insufflation of Patient 

The game calls for a combination of 3D computer graphic assets and live surgical videos. Through the 

cooperation of several surgeons the project received access to an extensive library of thousands of surgical 

videos. These videos are all usable for educational purposes through signed releases from the patients. As 

specific scenarios and 3D actions were developed, the team located an existing surgical video with actions which 

corresponded to the scenario. Using such a large video library made it possible to avoid either video recording a 

simulated surgery or attempting to create a realistic virtual representation of all of the surgical activities. In spite 

of the size of this library, it was necessary to custom record some actions during surgeries for this project. The 

current level of simulation technology is challenged to graphically model human tissue with manipulation, 

dissection, and blood flow. Some surgical VR simulators contain very realistic, but limited representations of 

surgery which require significant computer hardware to run. For this reason this project relies on video recording 

to represent actions in the surgical field, which comes with some inherent limitations to interactivity.  

User Experience 

Role Definition 

Early discussions within the development team and with surgeons were focused on who would be the training 

audience for the tool. Since there are five members of the OR team who must learn to work together, should this 

tool provide a user interface and curriculum for each of these as potential trainees? Such a flexible tool seemed 

possible since the scenario is the same for each role, only requiring the removal of one script to allow a human 

user to play that part. However, since there were no previous tools of this type to use as guidance, solving such a 

multifaceted problem could lead to confusion and delays that would threaten the success of the project. Also, 

achieving acceptance of the tool from five different sets of professional and certifying organizations seemed to 

be a much larger problem. Therefore, the design focused only on training the surgeon, as was done with previous 

curriculum products. But, the virtual world and other training products may become the basis for variants that 

are targeted at the circulating nurse, first assistant, surgical technician, or anesthesiologist in the future. Since the 

game creates a single-user domain, there is no need for computer servers to coordinate the interactions of 

multiple players within the same scenario. A single scenario can be served to any number of users 

simultaneously, but each of these runs independently without the need for coordination between multiple 

players.  

Dual Domains 

During a procedure, the surgeon occupies two very different domains. One is as a member of the team that 

surrounds the operating table to address the patient from the outside. The other is a more private domain in 

which the surgeon is immersed within the internal anatomy of the patient with audio communication to the 

outside team (see Figure 3). In the scenarios which are to be represented (Table 1) it is most accurate for the 

surgeon to act within both of these domains, which requires creating a simulated environment of both. Previous 

training curriculum in video and script formats had presented the OR only from the external bedside view, while 

existing simulators provided only the internal view. This game is the first to include two very different domains 

in which the surgeon is learning. For some scenarios a surgeon remains immersed in the patient while 

responding to the team and giving direction. But for others, the surgeon needs to learn to disengage from the 

internal view in order to address a more important issue in the external OR. Learning which domain is most 

appropriate for the surgeon has become part of the training that is uniquely provided by this game.  
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(a) Virtual Operating Room (b) Video Surgical Field 

Figure 3. Virtual World Representation 

Session Independence & Progression 

When a surgeon proceeds through a scenario, their progress is stored on the local computer. This allows users to 

interrupt their progress through a scenario, but return to the same point when they pick-up the game at a future 

time. Information about progression is also exported to the Moodle Learning Management System (LMS) to 

provide scoring and evaluation of the players. When a surgeon chooses to terminate a scenario prior to 

completing it, the LMS has a record of progress that has been made. In future versions this information will 

make it possible for the surgeon to complete a scenario from multiple devices by loading past progress from the 

LMS. This capability is a potential extension should early users discover that it is an essential feature.  

Security 

Like most corporate environments, the hospital IT infrastructure is tightly controlled and monitored to protect 

again hostile external and internal actions. It also blocks certain private and social services which are not 

considered productive in a corporate environment. As a result, many ports and some data formats cannot be used 

by applications like this virtual world.  

The application was designed for Windows 7 and 8 operating systems and the Internet Explorer v.7+ browser 

because these are the most common within the hospital. Virtual Heroes bases many of their custom projects on 

the Unreal engine licensed from Epic Games for simulation projects. This engine and the game content are 

configured as a one-time browser plug-in to eliminate issues with asking users to perform multiple heavy 

downloads and installations. As a plug-in, this process is largely automated upon first use of the application. 

However, corporate IT restrictions still verify that the plug-in is permitted within the controlled hospital 

infrastructure. Therefore, the plug-in was treated as a new application which had to be reviewed for security and 

stability issues before being allowed to enter a hospital computer.  

Additionally, once installed, the plug-in communicates with the LMS via unique ports and data formats which 

had to be approved to traverse the hospital network (see Figure 4).  

The application was originally developed and shared from a Virtual Heroes server, and was then tested on 

personal computers on an open commercial network. Once a basically functional version existed, a hosting site 

on the internet was created which required a fresh install away from the Virtual Heroes machines. This 

demonstrated that the application was portable enough to be hosted on a customer’s servers as opposed to the 

developer’s servers. Finally, the hospital IT department created a hosting site within the hospital infrastructure, 

approved the plug-in on hospital computers, and opened the necessary communication ports for the application. 

The goal is to host the application on a site which can be accessed by surgeons both inside and outside of the 

hospital infrastructure. Robotic surgeons who are not employees of Florida Hospital will access the external site.  
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Figure 4. RoboTeamView System and Network Architecture 

User Evaluation 

The performance of the surgeon is evaluated as they interact with the scenarios and the dynamic avatars in the 

game. The application provides very direct guidance regarding the steps that are expected. The intention was for 

the game to be more of an educational environment than an assessment tool. The design allows surgeons to work 

through the scenarios without a human instructor and to learn the necessary information for performing as a team 

leader. There are numerous opportunities for a surgeon to make decisions, each of which is captured in the LMS 

to provide some measure of their performance. But, an attentive surgeon can learn the correct responses from the 

avatars without having to consult a human instructor. Therefore, the measurements of performance are actually a 

measure of the surgeon’s ability to learn and adapt to the guidance of the avatars in the game.  

Each surgeon logs into the system to create a record of on-going performance in the LMS. The Moodle LMS 

also provides login for an instructor who can access all student performance data. This allows a hospital, college, 

or education center to track the performance of their people and to insist on a specific level of mastery in 

association with credentialing, risk management, and educational progression.  

VALIDATION AND DEPLOYMENT 

The virtual world application has been completed and is being evaluated by experienced robotic surgeons and 

teaching faculty at Florida Hospital. The feedback from these professionals will be incorporated into the 

application before releasing it to a larger audience for independent and objective validation trials. The FRS 

project has developed research relationships with a number of leading medical institutes around the world. These 

have participated in the validation of previous FRS products and have shown their ability to organize and 

conduct these types of trials. The sites listed in Table 2, as well as others who have shown interest in the 

materials, will be invited to access this application and participate in a multi-site validation trial.  

Following these trials, the revised application will be made available on the TrainRobotic.com web site for 

aspiring robotic surgeons, instructors, and medical training facilities to use as a curriculum for training robotic 

surgeons in their leadership responsibilities within the OR. Users of the application will be able to track student 

performance via the linked LMS.  
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Table 2. Robotic Surgery Curriculum Validation Site List 

Florida Hospital Nicholson Center, Orlando FL 

University of Athens Medical School, Greece 

Imperial College, London UK 

EndoCAS, Pisa Italy 

Baylor University Medical Center, Dallas TX 

Carolinas Healthcare System, Charlotte NC 

Lehigh Valley Health Network, Allentown PA  

Duke University Medical Center, Raleigh NC 

Lahey Health and Medical Center, Boston MA 

Hartford Hospital, Boston MA 

Louisiana State University School of Medicine, New 

Orleans 

Madigan Army Medical Center, Seattle WA 

University of South Florida Health CAMLS, Tampa FL 

Methodist Medical Center MITIE, Houston TX 

University of Pennsylvania Medical Center, Philadelphia 

CONCLUSIONS 

The primary goal of this project was to determine whether an effective leadership training application could be 

created for robotic surgeons who must learn to lead a team in the OR while performing surgery. The bulk of the 

efforts went into identifying which scenarios should be represented and how the information should be 

structured to create an effective training tool. The resulting product demonstrates that such an application can be 

created and that it satisfies potential users. As of this writing, the tool has not been used to train surgeons, 

fellows, or residents in OR team leadership. Neither has a validation trial been conducted to compare the 

effectiveness of this method against existing methods, e.g. didactic lectures, textual instructions, video recorded 

cases, and live role playing events. The next step is to conduct such a validation trial to determine whether the 

application is effective at teaching these skills to robotic surgeons. The results of these experiments and 

educational experiences are potential topics for future publications.   

Questions that remain outstanding include: 

 Will experts and instructors incorporate the application into their curriculum?

 Do surgeons who use the application actually have better patient outcomes?

 Is the application better than or equal to existing methods of teaching these skills?

 Is the product sustainable over a period of years, both financially and as educational content?
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ABSTRACT 

Faced with an age of reliance on technology and innovative advances, surgeons are using cutting-edge 
robotic systems to perform complex procedures and virtual reality simulators for specialized skill training. 
The virtual environment and controllers in surgical simulators are reminiscent of those in videogames. So, 
can playing video games develop skills similar to those used in robotic surgery?  

This paper compares the performance of video gamers, medical students, and “lay people” to expert robotic 
surgeons on a robotic surgery simulator. Participants recruited from the UCF College of Medicine, UCF 
FIEA, and Florida Hospital completed a demographic questionnaire. The subjects then performed three 
computer-based perceptual tests and participated in two warm-up tasks on the Mimic dV-Trainer to 
familiarize themselves with the system. The experiment then measured their performance over eight trials 
of two core simulated exercises. After completing these trials, participants completed a post-questionnaire 
about their experience. 

Analysis of the data did not verify differences between the groups for the perceptual tests except for the 
time to complete scores in the Flanker and subsidizing tasks, in which expert surgeons took significantly 
longer than other groups. Significant differences were found between the groups for the first and eighth 
trials of the simulated exercises, with surgeons performing better than other groups. All groups improved 
significantly from trial one to trial eight, with surgeons performing better than all groups. Gaming console 
type positively correlated with Overall Score in the Ring & Rail exercise, as well as Time and Economy of 
Motion in the suturing exercise. No other correlations were found. 

The results are in contrast with prior literature on video game experience in laparoscopic surgery, 
suggesting that gaming abilities do not translate to all surgical modalities. Future research is necessary to 
further examine the impact alternative skillsets may have on surgical skills.  
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INTRODUCTION 

Surgery is generally described as fitting into one of two modalities—open and minimally invasive, the 
latter of which includes laparoscopic and robotic-assisted (i.e. robotic surgery) procedures. Robotic 
surgery, the most recent iteration of laparoscopy, typically implies that the surgeon’s movements are 
facilitated through a computer driven system to manipulate surgical tools. This field evolved from the 
prospect of surgeons performing life saving procedures on soldiers in combat zones from remote locations 
anywhere in the world, an application referred to as telesurgery.  

This concept has not completely come to fruition, however the fundamental research resulted in the 
commercial the daVinci Surgical System that is now used to perform everyday procedures in urologic, 
gynecologic, ENT, and general surgery specialties called the daVinci Surgical System (Barbash, Friedman, 
Glied, & Steiner, 2014; Serati et al., 2014; Maan, Gibbins, Al-Jabri, & D’Souza, 2012; Luca et al., 2013; 
Zureikat et al., 2013). The surgeon manipulates controllers at the surgeon console to manage up to four 
robotic arms, including a camera, attached to a separate patient cart. The camera provides true stereoscopic 
vision to the surgeon, facilitating a synthetic tactile sensation and depth perception. Attached to the other 
robotic arms are various instruments, which move in a similar manner as the surgeon’s hands (Figure 1).  

Figure 1. The daVinci System 
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While this system integrates robotics into medicine in a way that may seem more science fiction than 
reality, society is actually connecting with technology in unforeseen ways. Traditional surgical skills are 
being transcended by cutting-edge technologies, which require surgeons to possess distinct skill sets from 
those of the past and which overcome a learning curve to acquire the technical (i.e. psychomotor) skills 
associated with using the daVinci system. Efforts have focused on developing specialized curricula for the 
training of such skills (e.g. the Fundamentals of Robotic Surgery and Robotic Training Network), but can 
learning curves be reduced to facilitate a faster acquisition of skills in surgical trainees?  

Previous research has established that trainees with video game experience demonstrate increased abilities 
on basic laparoscopic skill trainings (Rosenthal et al., 2011; Grantcharov, Bardram, Funch-Jensen & 
Rosenberg, 2003; Rosser et al., 2007). Also, video games have proven to be valuable training tools for 
basic laparoscopic skills (Rosser, Gentile, Hanigan, & Danner et al., 2012; Badurdeen et al., 2010; Ju, 
Chang, Buckley, & Wang, 2012; Bokhari et al., 2010; Schlickum, Hedman, Enochsson, Kjellin, & 
Fellander- Tsai, 2009; Giannotti et al., 2013). Certain genres of video games have established effects on 
perceptual skills similar to those required by robotic surgeons, yet few have attempted to make a 
connection between video game experience and robotic surgical skills (Green & Bavelier, 2012; Green & 
Bavelier, 2007; Chien et al., 2013; Harper et al., 2007).  

Thus, this research aims to examine the performance of experienced video gamers while using a robotic 
surgery simulator, and compare the performance of this population with experienced robotic surgeons, 
medical students, and laypeople. The purpose is to determine the effect that video game usage may have on 
the perceptual abilities that are used for robotic surgery. Contrary to previous research that used surgical 
trainees with minimal gaming experience, this research aimed to utilize subjects with high levels of gaming 
experience and compare their abilities to subjects with different levels of expertise. This study also looks at 
the groups’ ability to acquire basic surgical skills using the simulator.  

METHODS 

Recruitment 

Participants in this study included video game experts (VGEs), expert robotic surgeons, medical students, 
and “laypeople” (i.e. individuals without formal medical education or extensive gaming experience). VGEs 
were recruited from a local university offering degrees specializing in game design and development (i.e. 
Florida Interactive and Entertainment Academy [FIEA]). Potential VGE subjects were required to be 
enrolled in a game design program and self-report daily videogame play of at least two hours per day, five 
days per week. Expert robotic surgeons were recruited from Florida Hospital, Florida Hospital Nicholson 
Center training courses, and at relevant surgical conferences. These individuals were practicing physicians 
and self-report performing at least 100 robotic surgical procedures, of which he or she performed at least 
50% of the procedure on the surgical console. Medical students were recruited from the University of 
Central Florida College of Medicine (UCF CoM) and laypeople were recruited from all data collection 
sites. Potential subjects were excluded from the study in the case of having experience in more than one 
participant category (e.g. a medical student or expert robotic surgeon who engages in regular gameplay of 
more than two hours per week).  

Materials 

All subjects completed a pre-questionnaire, which gathered demographic information (e.g., age, gender, 
handedness, hours of weekly gameplay, number of robotic cases). The participants then performed three 
computer-based perceptual tests: a Flanker compatibility task, a subsidizing task, and a Multiple Object 
Tracking (MOT) test. The Flanker compatibility test requires the participant to indicate the orientation of a 
single arrow in the center of a group of several other arrows. The arrows are randomly generated to all face 
the same orientation (congruent) or face the opposite direction of the target arrow in the center 
(incongruent). This tests attentional capacity by requiring the subject to focus solely on the relevant arrow 
and ignoring other stimuli. The subsidizing task also assesses attentional capacity by requiring subjects to 
identify the number of dots that appear on the screen by pressing the associated number key. In the MOT 
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task, users must track specific objects while they move across the screen with other identical objects, which 
assesses visual attention (Figure 2). 

Figure 2. Examples of the Flanker, subsidizing, and MOT tasks 

Participants then performed two warm-up exercises on the Mimic dV-Trainer, Pick & Place and Basic 
Camera Targeting, to familiarize themselves with the system and system controls. All subjects then 
performed eight trials of two core exercises to test various basic skills (Table 1). Ring & Rail 1 and Suture 
Sponge 1 will serve as the primary exercises for data collection. After completing all exercises on the dV-
Trainer, specific metrics are shown to the participants: Overall Score, Economy of Motion, Time to 
Complete, Excessive Instrument Force, Instruments Out of View, and Master Workspace Range. These 
primary metrics are exported for each exercise and used with other metrics to form the scoring system. 

Table 1. dV-Trainer exercise descriptions 
Exercise Purpose Objective Skills Trained 

Warm-up Exercises 
Pick & Place Introduction to using stereo vision 

and EndoWrist instruments for 
picking up and placing objects.  

Place colored objects in 
matching colored containers. 

Endowrist 
Manipulation 

Basic Camera 
Targeting 

Learn to accurately position the 
camera while working in a large 
workspace while practicing to 
keep the instruments in view and 
developing stereo depth acuity. 

Manipulate the camera to 
position light blue sphere 
camera targets in the center 
of your screen’s dark blue 
crosshairs. 

Camera Control 

Core Exercises 
Ring & Rail 1 Coordinate control of an object’s 

position and orientation along a 
trajectory using the EndoWrist 
instruments 

Pick up a ring and guide the 
ring along a curved rail 

Endowrist 
manipulation, 
Camera Control 

Basic Suture 
Sponge 

Improve dexterity and accuracy 
when driving a needle through a 
deformable object. 

Insert and extract a needle 
through several targets on the 
edge of a sponge with 
random variations in their 
positions.  

Endowrist 
manipulation, 
Camera 
Control, Needle 
Control, Needle 
Driving 

After completing all trials, participants completed a post-questionnaire regarding their experience with the 
system (Figure 3). 
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Figure 3. Order of study procedures 

RESULTS 

Demographics 

Table 2 shows descriptive characteristics of the participants. Gamers indicated playing on average 11.71
hours of video games per week and having 17.85 years of gaming experience. On average, expert robotic 
surgeons performed 503 total robotic cases and 127 cases per year. While none of the expert surgeons 
reported currently playing video games, 29% indicated playing video games in the past. Thirty-three 
percent of lay people also indicated playing video games in the past.  

Table 2. Descriptive statistics 
Descriptive Statistics 

Gamers Medical Students Laypeople Experts 
n= 40 24 42 7 
Age 25.38 25.63 29.45 42 
Male 77.5% 70.83% 52.38% 71.43% 
Female 22.5% 29.17% 47.62% 28.57% 
Right Handed 87.50% 95.83% 83.33% 100% 
Left Handed 12.50% 4.17% 16.67% 0% 

Cognitive Tests 

For the Flanker and the subsidizing tasks, an ANOVA was performed to compare the four groups in terms 
of percent of correct responses and average response time (ms) for incongruent and congruent arrows. No 
statistical differences were found for the percent correct for the Flanker test, however completion times for 
the congruent and incongruent representations were significantly different between the groups (Congruent 
p<0.005; Incongruent p=0.007). Expert robotic surgeons took longer in both instances to perform the tasks 
(Table 3). 
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Table 3. Analysis of cognitive tests 
Descriptives 

Flanker Subsidizing 
Percent 
Correct 

Std. 
Dev 

Congr
. Time 

Std. 
Dev 

Time 
Incongr. 

Std. 
Dev 

Percent 
Correct 

Std. 
Dev 

Time Std. 
Dev 

Gamers 97.37 3.63 438.72 54.24 487.60 60.21 80.97 11.25 921.40 116.87 
Medical 
Students 

97.62 4.90 410.14 45.92 465.85 64.70 74.36 14.34 957.99 148.45 

Lay 
people 

97.98 3.32 469.81 88.86 525.70 93.84 74.21 14.95 991.94 138.00 

Experts 98.57 2.44 525.12 147.32 554.65 95.24 71.93 13.40 1133.64 84.22 

ANOVA 
df F Sig 

Flanker Percent Correct 3, 107 0.303 .823 
Congruent Time 3, 106 5.358 .002 

Incongruent Time 3, 107 4.285 .007 
Subsidizing Percent 3, 109 2.310 .081 

Time 3, 109 5.980 .001 

No significant differences were found for the percent correct on the subsidizing task for any groups using a 
Kruskal-Wallis test. Similarly to the Flanker test, completion times were significantly different between the 
groups (p=0.001), with expert surgeons performing slower than the other groups. The MOT test was 
analyzed using a non-parametric test to compare the number of correct responses. No significant 
differences were found for any groups for the MOT test.  

The cognitive scores were also analyzed in terms of certain demographic responses to determine if an 
association exists between the demographic characteristics and the cognitive test scores. A Pearson 
correlation coefficient was calculated. The characteristic of age positively correlated with the Flanker Time 
(p=0.008) and Flanker Incongruent Time (p<0.005). Age negatively correlated with the hours of weekly 
video game play (p=0.010). Age was also negatively correlated with the number of correct responses in the 
normal level of difficulty MOT task (p<0.001).  

Simulator Scores 

The simulator scores were analyzed in terms of three performance metrics for both simulated exercises: 
Overall Score, Economy of Motion, and Time to Complete. Overall Score is a composite score comprised 
of multiple performance metrics, including Economy of Motion and Time to Complete. Economy of 
motion is the total distance that the instrument tips moved and is measured in centimeters. Time to 
Complete is the total number of seconds required by the user to perform the exercise.  

An ANOVA was used to determine if differences existed between the groups for the first (i.e. Trial 1) and 
the last (i.e. Trial 8) of the Ring & Rail 1 and Suture Sponge for the performance metrics. The groups 
performed significantly different for the performance metrics for trial 1 in both exercises except for the 
Overall Score of Ring & Rail. Using a Least Significant Difference Test, experts performed significantly 
better than other groups for the metrics. Similar results were found for trial 8 of both exercises. Experts 
again performed significantly better than all groups in trial 8 for both exercises scores all metrics (Table 4).  
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Table 4. Analysis of simulator scores for Trial 1 and Trial 8 
ANOVA 

Trial 1 Trial 8 
Ring & Rail 1 

 df F Sig.  df F Sig. 
Overall 
Score 

3, 112 2.251 0.086 Overall Score 3, 112 1.369 0.256 

Economy of 
Motion 

3, 112 2.795 < 0.05 Economy of 
Motion 

3, 112 6.314 < 0.005 

Time 3, 111 5.050 < 0.005 Time 3, 112 5.278 < 0.005 

Suture Sponge 
Overall 
Score 

3, 112 8.948 < 0.001 Overall Score 3, 112 4.316 < 0.05 

Economy of 
Motion 

3, 112 5.175 < 0.005 Economy of 
Motion 

3, 112 5.518 < 0.005 

Time 3, 112 9.244 < 0.001 Time 3, 112 8.383 < 0.001 

 
The simulator performances were also analyzed using an ANOVA to determine if differences exist between 
the groups in terms of the change in performance from trial 1 to trial 8 for both exercises separately (Table 
5). A difference existed in the average Overall Score and Economy of Motion metrics from trial 1 to trial 8 
for all groups in the Ring & Rail 1 exercise (Overall Score p<0.001; Economy of Motion p<0.001). Experts 
were found to be significantly different from the other groups for both metrics (Overall Score p=0.045; 
Economy of Motion p=0.002). A significant interaction was found between the trials and the groups for the 
Time metrics (p=0.006). The main effects of the trials were not examined due to this interaction. 

 
Table 5. Analysis of change in simulator scores from trial 1 to trial 8 

ANOVA 
Ring & Rail 1 Suture Sponge 

 Overall 
Score 

Economy of 
Motion 

Time to 
Complete 

Overall Score Economy of 
Motion 

Time to 
Complete 

df 3, 109 3, 109 3, 108 3, 109 3, 109 3, 109 
F 2.772 5.468 5.583 8.520 6.887 12.641 

Sig .045 .002 .001 < .001 < .001 < .001 
 
A difference existed in the average Overall Score and the Economy of Motion metrics from trial 1 to trial 8 
for all groups in the Suture Sponge exercise (Overall score p<0.001; Economy of Motion p<0.001). Experts 
were also found to be significantly different from the other groups for both metrics (Overall Score p<0.001; 
Economy of Motion p<0.001). A significant interaction was found between the trials and the groups for the 
Time metric (p=0.011). The main effects of the trials were not examined due to this interaction. The 
average of each metric across the eight trials for each exercise can be seen in Figure 4 and Figure 5. 
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Figure 4. Average scores for groups across eight trials  

 
An analysis was conducted to determine if an association existed between the perceptual test scores and the 
simulator metrics for the two exercises. The Flanker scores for the percent of correct responses negatively 
correlated with time to complete for the Ring and Rail 1 exercise (p=0.006). This suggests that as the 
correct response percentage increased the time taken to complete the exercise decreased. No other Ring & 
Rail 1 metrics correlated with the perceptual tests. No associations were found between the Suture Sponge 
scores and the perceptual test scores. The subsidizing and MOT task scores were not significantly 
correlated with any metric values for Ring and Rail 1 or Suture Sponge.  
 
Video Games 
 
The video game experience of the subjects was also analyzed to determine if certain aspects of video game 
play were associated with simulation scores. For this analysis the type of game and console played by the 
subjects was used. The game type ranged from not using videogames, playing slow-paced strategy games 
(e.g. puzzle games), playing both types of games, or playing fast-paced action games (e.g. first person 
shooters). The console type ranged from not playing video games, using a controller with minimal hand 
movement (e.g. Playstation4), using all controller types, or using a controller that may require larger 
movements (e.g. Wii). 
 
 No significant correlations were found between the type of video game or console played and the 
performance metrics for either exercise for trial 1. A significant positive correlation for Overall Score and 
the type of console was found for trial 8 of Ring and Rail 1 (p=0.049). This association suggests that as the 
movement to control the game increased, the Overall Score increased. A significant positive correlation 
was found between the type of console and Economy of Motion and Time for trial 8 of Suture Sponge 
(Economy of Motion p=0.044; Time to Complete p=0.002). This suggests that as the movement to control 
the video game increased, the time to complete and the distance traveled by the instrument tips increased 
(i.e. slower and less efficient with movements).  
 
 
DISCUSSION 
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The assumption that video gamers will perform better than others using a virtual reality robotic surgery 
simulator is very common. The manipulation of the hand controls and the users interaction with the 
synthetic environment seem comparable to that of a video game. Contrary to these similarities and prior 
literature in laparoscopy, video gamers in this study did not perform better than other groups including the 
“Average Joe” in a robotic surgery simulator. The results did suggest that subjects who use higher 
movement game controllers (i.e. Ninetendo Wii) scored higher in the Ring & Rail 1 exercise. However, 
those individuals also took longer and were less efficient with their movements in the Suturing exercise.  

The results from this study align with the few studies that have examined the impact of video game play on 
robotic surgical skills. Chien et al. (2013) found that in comparison to a group using task specific virtual 
reality training, a control group using video game training did not perform as well on an actual task using 
the surgical robot. The authors also found that using a video game to train actually had a negative impact 
on the post-training performance. Harper et al. (2007) found that video game players tied significantly 
fewer knots using the surgical robot and also suggest that video games may have a negative impact on 
surgical skills. 

Why does prior video game experience impact basic laparoscopic skills, but not robotic? Differences may 
be contributed to the distinctness of the systems that the users are interacting. The skills developed in two-
dimension video games may transfer more appropriately to laparoscopic surgery, which uses a two-
dimensional screen, as opposed to the three-dimensional view in robotics. Laparoscopy involves 
contrasting movements to the primarily fine motor movements of robotic surgery and it is possible that 
gamers are more inclined with the manual dexterity associated with laparoscopy.  

While this study was unable to validate enhanced abilities of video gamers in robotic surgery, the results 
demonstrated that the effect video game play has on surgical skills is nuanced by the surgical technique. In 
a technologically dependent society where video games have become an integral past time, this analysis of 
skills will likely become more valuable as other fields leverage the gaming generation’s experience into 
training. The findings can be generalized to domains outside of medicine utilizing robotic and computer-
controlled systems (e.g. unmanned vehicle operation), speaking to the scope of the gamers’ abilities and 
pointing to the capacity within these systems. 

Future research should examine the impact alternative skillsets may have on a user’s abilities in a robotic 
surgery system (e.g. playing sports). The gamers in this study did not perform significantly better than lay 
people, which may imply that other factors or hobbies contributed to the performance. Only one surgical 
robot currently exists, however others have realized the technological advances and future iterations of 
surgical robotic systems are imminent. As these new technologies enter the market, it will be critical to 
evaluate how these skillsets may be valuable to the field of robotic surgery. 
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ABSTRACT 

Does “validity” refer to the quality of an assessment, reliability of simulator outputs, or accuracy of internal simulation 
models? This question emerges in medical simulation and training, as educational, clinical, and engineering communities 
intersect. Each has developed a validation approach to meet their needs, without clear understanding of the other 
perspectives. Historically, validity has been assessed using a classical framework of content, criterion, and construct validity, 
concluding that a simulator is or is not valid. Validity has evolved into a unitary concept of construct, consisting of five 
distinct sources: content, response process, internal structure, relation to other variables, and consequences. Evidence for each 
source supports a score interpretation for a specific population, under a specific use case. This does not indicate that the 
assessment itself is generally valid, much less whether the simulator can be relied upon to deliver accurate results.   

This unitary framework was adopted by the American Psychological Association as the standard for validating assessments 
and was recently endorsed as the “gold standard” for validating training tools. While this framework is effective for 
evaluating the appropriateness of an assessment, it may not be as robust for evaluating a simulation device used for 
assessment. This framework does not account for the physical and functional requirements of a physical system and the 
implications that discrepancies in those aspects may have on training and assessment. 

This paper compares the classical and unitary validity methodologies with a perspective on the application to training 
simulators, as well as examines the inherent limitations of both. Recommendations and industry standards from other fields 
are also examined for applicability to surgical simulation. Finally, a recommendation for the validity classification of surgical 
simulators is proposed. The future of surgical certification and licensing could be reliant on simulation, however validity 
standards must be established to support this goal. 
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INTRODUCTION 

In simulation, many fields converge to create the specialized training tools used to provide learners with 
standardized environments for the safe acquisition of skills, relying on the expertise of engineers, educators, and 
subject-matter experts to create valuable training tools. It is imperative that these training systems are vetted to 
ensure that system performance meets the expected standards, a process typically referred to as validation. The 
resulting measure of validity refers to the degree to which a model or system is an accurate representation of the real 
world concept that it is intended to replicate (Sargent, 2000; McDougall, 2007; AERA, 1997).  

The underlying validation process and associated implications are often subject to the field it is being referenced for. 
Using a flight simulator as an example, a computer programmer may validate the model in respect to how it 
performs against an actual system (e.g. aerodynamic characteristics). An engineer may assess whether the controls 
look and feel representative to the actual aircraft platform, and an educator validates that the flight assessment and 
After Action Review (AAR) accurately measure and provide relevant feedback on the trainee’s performance for a 
specific testing context.  

The surgical field has adopted virtual reality (VR) simulators, similar to flight simulators, as a solution to limited 
training opportunities, regulated work hours, and a need for advanced training (Kuhn, 1962; Gallagher & Sullivan, 
2011). Similar to the validation of a flight simulator, each stakeholder involved in the development and 
implementation of a surgical simulator has a specific expectation for the concept of validity. The programmers are 
interested in how closely the physics models of the virtual environment are representative of the real world (e.g. how 
tissue behaves when retracted) and the engineers verify that the controls function similarly to the actual surgical 
instruments. The educators and researchers are more concerned with how the benchmarks and scoring system 
translate to the learners.  

The introduction of VR simulators coincided with a drive in the surgical field to move away from the traditional 
apprenticeship model and towards proficiency-based training. This has been critically important particularly in the 
specialized field of robotic surgery. Currently, four VR robotic surgery simulators exist: the da Vinci Skills 
Simulator (dVSS) by Intuitive Surgical Inc., also known as the “Backpack Simulator”; the dV-Trainer from Mimic 
Technologies Inc., the RoSS by Simulated Surgical Sciences Inc., and the Robotix Mentor from Simbionix (Figure 
1). While all of these systems attempt to replicate the controls, visual system, and console of the actual surgical 
robot, each has unique qualities in regards to software, hardware, and assessment methods.  

In the dVSS, the trainee sits at and operates the simulated environment using the actual da Vinci surgeon console. 
The simulator is a custom computer, appended to the surgical console through the actual surgical data port. Using 
this simulator, users can train using the actual hardware they would use during surgery. The second is a standalone 
system that utilizes a graphic/gaming computer, connected to a custom desktop viewing and control device that 
replicates the hardware of the da Vinci surgeon’s console. This system shares similar software with the dVSS, but 
does not require the use of any actual da Vinci hardware. The third is composed of a completely customized replica 
of the da Vinci surgeon’s console. Internally the simulator contains a graphic computer, a 3D monitor, and 
commercial Omni Phantom haptic controllers (Smith, Truong, & Perez, 2014). The Robotix Mentor is a standalone 
system that uses custom hardware for the master controllers and Sony glasses for the 3D visual system (Robotix 
Mentor, n.d). These variations in hardware and software have resulted in many research studies attempting to 
validate these systems, as illustrated in a summary of these studies in Smith et al. (2015) and Stephanidis (2015).  
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Figure 1. Different aspects of surgical simulation 

The validation studies that have been performed over the last decade have come at a time when medical education 
and assessment are shifting to new standards. Therefore, the interested educational communities have called for a 
shift away from the methods of previous studies and towards a new standard process. This discussion has revealed a 
distinct difference in the perspectives of different communities that are interested in the validation of simulators and 
of the educational outcomes they provide. In this paper, we present three dominant models for validation which may 
appear to be in conflict, but which actually represent the distinct needs of different communities, at different phases 
in a simulator’s lifecycle. This paper also provides a process for integrating multiple validation methods for 
effectively assessing educational technology. 

VALIDATION FRAMEWORKS 

Multiple professional communities have developed validation frameworks that address their own needs to insure, 
measure, and certify the accuracy, realism, and assessments provided by a simulator. The work of each of these 
communities is just beginning to be known to members of the other communities, which is triggering both mild and 
vehement disagreements about the meaning, purpose, and methods of validation. Cultural and intellectual clashes of 
these types have occurred repeatedly in other areas of science and engineering. Those cases, as in this, are often 
fueled by a lack of understanding of the perspectives and needs of the conflicting communities.  

In surgical simulation, several frameworks for proving validity have been proposed as the standard for validating 
educational technology. While the American Psychological Association (APA) endorses a “unitary” framework as 
the gold standard for validating assessment tools, this model alone does not account for the need to validate 
simulators from different perspectives in other fields.  A shared understanding of all of the perspectives involved 
may eliminate much of the friction that is being generated in this area. The most prominent validation frameworks 
from three different communities is shown in Figure 2 and discussed below.  
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Figure 2. Summary of the validation frameworks 

  
System Engineering Validation  
 
The community that develops simulators and implements a formal process for validating their accuracy and 
usefulness has relied on Sargent’s (2000) model for guidance through the 
engineering process, and indirectly the work of Balci (1997). In this 
model, the terms verification, validation, and accreditation (VV&A) are 
used to increase the preciseness of defining the steps in the process 
(Figure 3). However, this entire process is appropriately comparable to the 
other two frameworks that are explored in this paper.  
 
The creators and users of this framework are faced with a different set of 
problems than those who use of the other validation frameworks. Here, 
the emphasis is on guiding, controlling, modifying, and using a simulator 
as a hardware and software system or device. Because simulators are 
approximate replicas of some real world system, they can be created with 
dozens or hundreds of different representations of the world which may or 
may not be accurate and useful models of the real system and the purpose 
to which they are being put. This process seeks to expose the degree to 
which the simulator hardware, software, and data effectively represent 
the real world. This has to be done in the context of the expected 
application of the simulator. This context is essential in deciding 
whether compromises which have been made impact or invalidate the 
usefulness of the simulator in its specific application.  
 
Sargent’s framework has become the de facto validation process in the engineering and development of simulators. 
It is included in multiple later works which prescribe the process of simulator development and the accompanying 
validation of the product, such as Tolk (2012), Fishwick (2007), and others. In spite of this prevalence, the Sargent 
framework does not appear as a reference or an application in any of the medical simulation literature. Those 
communities come to simulation at a very different time in the system’s lifecycle. They more typically encounter a 
simulator after it has been designed and manufactured for them by a device company. The users of the simulator are 
then more interested in the degree to which it can assist them with teaching concepts and measuring competence. So 
their need for validation is entirely at the user experience, educational effectiveness, and student assessment levels. 
In spite of the fact that the device company may have rigorously applied the VV&A methods of Sargent (2000) and 
Tolk (2012), the medical users will insist upon another layer of validation of the product using one of the other 
frameworks.  
 
Classical Validation  
 
To support the needs of communities using educational devices, to include simulators, the American Educational 
Research Association (AERA) and the American Psychological Association (APA) proposed a framework for 
assessing educational tools, typically referred to as the “classical” framework (AERA, 1985). The goal of this 
validity model is to assess educational tools to ensure that a tool is meeting the educational goals of assessing the 
specific abilities that it was intended to test.  
 

Figure 3. VV&A in Simulator 
Development (Sargent, 2000) 
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Under this methodology, evidence is gathered to support a specific inference being made from test scores. For 
example, if a passing test score implies that a surgeon has the basic skills required to perform the removal of a 
prostate, then evidence would need to be gathered to support this claim. Under this framework, evidence is grouped 
into three categories: content related, criterion related, and construct related (Table 1). 

Table 1. Summary of the Classical Framework 
Validity Meaning Example(s) 
Construct A measure indicating the degree to 

which a test assesses the construct 
that it is intended on measuring.  

What is this test supposed to measure? 

What is this test actually measuring?  

Content A measure of the degree to which a 
test’s content represents a defined 
universe or content domain.  

What is the content that needs to be tested?  

Is the test content representative of the actual content? 

Does the response type and testing format match the 
universe? 

Criterion A measure of the degree to which 
the test scores are related to one or 
more outcome criteria.  

Can the test scores accurately predict future 
performance in the real world?  

How accurately can the test predict criterion 
performance?  

For construct related evidence, information is gathered to support that the test evaluates the specific characteristics 
of the quality being measured (i.e. does the test evaluate what it is designed to). The construct of interest is often 
ingrained in the test’s conceptual framework and is specific to the construct’s meaning, distinguishing it from other 
constructs and indicating how the measure should relate to other relevant variables. Gathering evidence in this 
domain may also involve evaluating aspects such as test format or administration, if these circumstances affect the 
test meaning and interpretation.  

Content evidence should demonstrate the degree to which test items, tasks, or questions are representative of a 
specified universe or area of content, given a proposed use of the test. Gathering evidence in this domain implies 
determining the content that needs to be tested and determining if the test is representative of that specific content. 
This also includes evaluating if the testing format and response mechanism is appropriate for the content (e.g. How 
is a student being assessed for a test on manual skill as opposed to critical thinking). This type of evidence often 
relies on expert judgment to assess the relationship between the test and the defined universe, however observation 
in combination with expert input is acceptable. If a test is going to be used in a way that was not originally intended, 
the appropriateness of original domain definition needs to be evaluated for the new use.  

Criterion evidence demonstrates that test scores are systematically related to one or more relevant outcome criteria. 
The relationship between test scores and criterion measures may be expressed in several ways, with the goal of 
determining the accuracy to which the outcome criterion performance can be predicted from scores on the test. In 
general, there are two designs for obtaining criterion related evidence: concurrent and predictive methods. A 
predictive study obtains information supporting the accuracy with which test data can be used to estimate future 
criterion performance. A concurrent study serves the same purpose, but it obtains prediction and criterion 
information simultaneously.   

McDougall (2007) adapted this framework for applicability to medical simulators. Under this modified framework 
the validation types included face, content, construct, concurrent, and predictive validity.  Face validity is typically 
assessed informally by users and indicates whether the simulator is an accurate representation of the actual system 
(i.e. the realism of the simulator). Content validity is the measure of the appropriateness of the system as a teaching 
modality. Experts who are knowledgeable about the device typically assess this via a formal evaluation. Construct 
validity is the ability of a simulator to measure what it is intended to measure. Often this is characterized by the 
simulator’s ability to differentiate between users’ experience level. Concurrent validity is the extent to which the 
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simulator correlates with the “gold standard” for training and predictive validity is the extent to which the simulator 
can predict a user’s future surgical performance. Collectively, concurrent and predictive validity are known as 
criterion validity and are used as measures of the simulator’s ability to correlate trainee performance with their real 
life performance. Face and content validity are most effective in evaluating the ability of a simulator to train a 
surgeon; however construct, concurrent, and predictive validity are most useful for evaluating the effectiveness of a 
simulator to assess a trainee. The majority of literature surrounding the validity of surgical simulators uses these 
categories defined by McDougall. 

Unitary Validation 

The AERA and APA updated the classical framework to create a new methodology for validating educational tools, 
referred to as the “unitary” framework because it views validity as a unitary concept of five sources of evidence: 
content, response process, internal structure, relations to other variables, and consequences (Table 2). The more 
evidence collected, the stronger the validity argument is for the test for a specific interpretation, at any given time, 
for a specific population. Similar to the classic framework proposed by the AERA and APA in 1997, the assessment 
itself is not considered completely valid or invalid, but is more or less valid.  

Table 2. Summary of the Unitary Validation 
Validity Meaning Example(s) 
Test Content A measure of the degree to which the test’s 

content aligns with the content domain and 
interpretation of scores.  

Are the test items assessing the content and 
skills that they should? 

Response 
Process 

A measure of the degree to which the response 
mechanisms of the test represent the skills 
being tested. 

Are test takers demonstrating the skills 
being assessed? 

Internal 
Structure 

A measure of the degree to which the format 
and interrelatedness of the test items aligns 
with the construct being measured.  

Is the test organized as it should be? 

Relation to 
Other Variables 

A measure of the degree to which the scores 
are related to variables outside of the test.  

Do the scores align with a test that is 
currently the gold standard?  

Consequences A measure of the potential consequences of 
administering the test.  

Are the consequences of the test scores 
relevant to the test’s validity? 

Test content evidence refers literally to the content of the test being administered. For the purpose of this measure, 
“content” refers to the test items, to include the wording and formatting of the test, and procedures for 
administration and scoring. The evidence in this domain includes either a logical or empirical analysis of the 
adequacy to which the test content represents the content domain and of the relevance of the content domain to the 
proposed interpretation of test scores. For task-based assessments, as in the case of many simulators, test evaluators 
create a list of tasks required by the job via observation and advisement of a subject matter expert (SME). The SME 
judgment assesses the criticality and frequency related to the task performance.  

Response process evidence is gathered using a theoretical or empirical analysis of the response processes of test 
takers, which provides evidence in respect to the appropriateness of the construct and the nature of response 
mechanism used by the test takers. For example, if a test assesses critical analysis and reasoning, it is important to 
determine whether examinees are using this skill for the given material. The evidence for this domain is typically 
generated from an analysis of individual responses, including feedback from test takers regarding their performance 
strategies or reasoning of responses. In the case of scores being generated by evaluators, evidence can be gathered 
from the evaluators by determining the extent to which the evaluators are consistent with the interpretation of scores. 

Internal structure evidence indicates the degree to which the relationships among the test items comply with the 
interpretation of the test score. Evidence gathered for this domain would indicate if the items on the test support the 
assumptions of the inter-relatedness of the items. For example if all items on a test will form a comprehensive score, 
then the test items should be one-dimensional. Test items may imply several aspects of a construct being tested and 
evidence in this domain determines the extent to which the items’ relationships align with the necessity of the test 
framework.  
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Evidence gathered in regards to the relationship to other variables assesses the relationship of the test score to 
variables that are external to the test. The external variables can include measures of criteria that the test is expected 
to predict and relationships to other test scores that are expected to be either convergent or discriminant (i.e. 
measuring the same or different constructs respectively). This evidence addresses questions about the degree to 
which these relationships are consistent with the construct underlying the proposed test interpretation.  
 
Lastly, evidence regarding the consequences does not necessarily affect the test’s validity, but helps to inform the 
process of assessing validity. Evidence in this domain determines if there is a consequence of administering the test 
and if this consequence is relevant to other domains of validity. A finding in this domain of validity is relevant to the 
validity of the test in general if it can be directly related to another source of validity.  
 
SYMBIOTIC FRAMEWORKS 
 
When applying these frameworks to a 
simulation system being used for 
education, we can see that there is not 
one individually that meets all 
requirements of a system. While 
assessment is an essential component 
of a learning experience, it is not the 
only aspect that a user relies on for 
feedback when using a simulation 
system. Simulators are complex 
devices that often rely on the 
replicated controls and interfaces with 
real-world systems, including user 
feedback mechanisms (e.g. haptic 
feedback or visual stimuli). These 
mechanisms enhance user experience 
and facilitate learning by providing 
formative feedback and developing 
user expectations on how the real-
world system should perform. Some 
simulators, including robotic surgery 
simulators, provide summative 
feedback mechanisms to the user at the 
end of the simulation experience, which helps to reduce the need for a proctor during the trainings. Figure 4 provides 
a general example of how this information is presented to the user.  This feedback is often given based on specific 
criteria and benchmarks that are relevant to the task that the user is performing.  
 
During the simulation experience, the user makes an input into the system and receives a corresponding output from 
the system. For example, by moving a camera control towards a target area, the field-of-view will change to the 
specified location. By receiving that output the user decides what the next input will be. Using the camera example, 
if the user overcompensates and moves the camera past the target location, they would see this and use the camera 
control to adjust the field-of-view. This cycle continues until the simulation experience is complete (Figure 5).  

The process of learning via simulation is an 
experiential process that can be related to the 
Kolb Experiential Cycle (1984) as shown in 
Figure 6. When looking at this model, the 
simulator plays a crucial role in the learning 
experience of the user. The user expectations 
are established during the concrete experience 
with the simulator. The learner applies that 
experience for reflective observation and to 
form an abstract conceptualization of how to 

Figure 4. Robotic Surgery simulator summative 
feedback screen 

 

Figure 5. User interaction with simulator 
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improve performance. Thus, the user’s learning is facilitated through their interactions with the system and the 
formative feedback that they receive from system.   

Figure 6. Image showing the relationship of the three frameworks 

When looking specifically at the two educational models, the frameworks are designed for evaluating assessments 
and as such are focused on whether the assessment of the student was an accurate measure of the knowledge and 
skills that are being evaluated. If we only look at the assessment component of a simulator, then we are only looking 
at a small portion of the learning experience as a whole. It is possible to have a simulator that meets a high level of 
educational validity, but is not realistic in terms of engineering design. Conversely, we can have a simulator that 
almost perfectly replicates the intended system, but does not have meaningful associated metrics. In either case, the 
user would develop an incorrect model of their knowledge and skills during the training and assessment that would 
not translate to the real world system.  

These frameworks cannot individually address the comprehensive needs for validation of educational simulators and 
thus need to be used complementarily to one another. Table 3 provides an example of different degrees of validity 
according to each framework which can be used to evaluate the individual simulator components and to address the 
needs of educators comprehensively.  

Table 3. Validity Levels 
Less Validity Moderate Validity More Validity 

Systems Engineering 
Framework 

• Output does not match
the real world
measures.

• Unrealistic graphics
• Pseudo-physics

models.

• Highly realistic
graphics

• Realistic physics
models.

Classical Framework 
 (McDougall) 

• Replicates real-world
system to demonstrate
placement of controls,
but do not function
the same.

• Custom hardware that
is more realistic, but
not exact.

• Embedded Simulator
same hardware as in
the real system.

Educational Framework • Test content does not • The content aligns • Test content is
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 align with content 
domain. 

• Test does not measure 
what it is intended to.  

with the content 
domain. 

• The users are not 
demonstrating the 
necessary skills  
 

relevant to the content 
domain. 

• Scores can predict 
future performance 

 
CONCLUSION 
 
This paper summarizes three prominent and valuable frameworks and demonstrates the role that each takes in the 
validation process. These frameworks overlap to some degree; no one framework is a complete duplication or 
replacement of another. Thus, the goal is to explain the rationale for the decidedly different processes that are 
referred to by the same term and create an awareness of these methodologies, potentially provoking adoption or 
adaptation. Understanding the value of different frameworks may reduce arguments and contention between 
communities attempting to apply their own perspective to other communities. 
 
While valuable to specific fields, none of these validation models individually address the comprehensive needs 
when using simulation technologies as education and training tools. The learning experience when using a simulator 
encompasses components that should be evaluated distinctly to truly speak to the value of the system as an 
educational tool. Furthermore, disvaluing one aspect of the system during validation could have detrimental effects 
on the transfer of training for the user, potentially leading to negative training.  
 
The field of simulation integrates technology, processes, and ideas from several different communities, using 
technology-rich learning environments to provide learners with a real-world experience for practice and assessment. 
To say that one method of validation alone is sufficient would be naïve. These frameworks were developed by their 
respective communities to address that community’s specific needs, however needs of the broader simulation 
community require a more interdisciplinary approach.   
 
It is imperative to critically evaluate not only about what the validation is used for, but also what the validation is 
evaluating and leverage the qualities of each of the validation frameworks when assessing the validity of a system. 
We must consider the role that each framework plays in a system and how that affects the learner.  
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