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Abstract

Background Worldwide, the annual number of robotic
surgical procedures continues to increase. Robotic surgical
skills are unique from those used in either open or
laparoscopic surgery. The acquisition of a basic robotic
surgical skill set may be best accomplished in the simula-
tion laboratory. We sought to review the current literature
pertaining to the use of virtual reality (VR) simulation in
the acquisition of robotic surgical skills on the da Vinci
Surgical System.

Materials and methods A PubMed search was conducted
between December 2014 and January 2015 utilizing the
following keywords: virtual reality, robotic surgery, da
Vinci, da Vinci skills simulator, SimSurgery Educational
Platform, Mimic dV-Trainer, and Robotic Surgery Simu-
lator. Articles were included if they were published
between 2007 and 2015, utilized VR simulation for the da
Vinci Surgical System, and utilized a commercially avail-
able VR platform.

Results  The initial search criteria returned 227 published
articles. After all inclusion and exclusion criteria were
applied, a total of 47 peer-reviewed manuscripts were
included in the final review.

Conclusions There are many benefits to utilizing VR
simulation for robotic skills acquisition. Four commercially
available simulators have been demonstrated to be capable
of assessing robotic skill. Three of the four simulators
demonstrate the ability of a VR training curriculum to
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improve basic robotic skills, with proficiency-based train-
ing being the most effective training style. The skills
obtained on a VR training curriculum are comparable with
those obtained on dry laboratory simulation. The future of
VR simulation includes utilization in assessment for re-
credentialing purposes, advanced procedural-based train-
ing, and as a warm-up tool prior to surgery.

Keywords da Vinci Surgical System - Virtual reality -
Simulation - Training - Curriculum

Worldwide, the annual number of robotic surgical proce-
dures continues to increase rapidly [1]. While many young
surgeons have grown up with the technology in their res-
idency and fellowship programs, many other surgeons have
adopted the robotic approach to surgery well into their
careers. Robotic surgical skills are unique and not deriva-
tive from either open or laparoscopic surgery. While
industry sponsored training courses are a core component
of training for new robotic surgeons, the current approach
of case observations followed by an immersive training
experience over 1-2 days is analogous to the experience
early in the days of laparoscopic cholecystectomy [2]. As
demonstrated in laparoscopy, moving the venue for the
acquisition of a reliable basic skill set out of the operating
room and into the simulation laboratory has significant
advantages for trainees, hospitals, and patients alike. The
learning curve for a novice robotic surgeon is best met in
the simulation laboratory, not in the operating room [3].
Using the robotic surgical system itself for practice outside
of the operative setting can be an issue due to expense
(instruments that might be used for practice can often only
be used a finite number of times before the computer will
no longer accept them), heavy clinical utilization of the
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robotic surgical system, and a lack of validated curricula
with objective performance metrics. Computer-based, or
virtual reality simulators designed specifically for robotic
surgery may overcome many of these obstacles. Virtual
reality (VR) training for robotic skills acquisition is
described in the literature as early as 2007 [4, 5]. The da
Vinci Robotic Surgical System (Intuitive Surgical, Sun-
nyvale, CA, USA) is currently the only commercially
available robotic surgical platform. We sought to review
the current literature pertaining to the use of VR simulation
in the acquisition of robotic surgical skills on the da Vinci
system.

Methods

A PubMed search was conducted between December, 2014
and January 2015 utilizing the following keywords: virtual
reality, robotic surgery, da Vinci, da Vinci skills simulator,
SimSurgery Educational Platform, Mimic dV-Trainer, and
Robotic Surgery Simulator. Articles were included if they
were published between 2007 and 2015, utilized VR sim-
ulation for the da Vinci Surgical System, and utilized a
commercially available VR platform. Articles were
excluded for utilizing laparoscopic VR simulation, simu-
lation-based training curricula utilizing the actual da Vinci
system and not a VR simulator, and VR simulators not
designed specifically for the da Vinci surgery system.

Validity is defined as the extent to which a measurement
corresponds accurately to the real world. The validity of a
VR robotic surgical simulator is the degree to which the
tool measures what it purports to measure—in this case
robotic surgical skill. For the various robotic surgical VR
simulators, we were interested in studies that examined
different kinds of validity including: face validity or the
extent to which the simulator resembles reality; construct
validity or the extent to which the simulators can differ-
entiate between novice and expert robotic surgeons; con-
tent validity or whether the simulator measures what it
intends to measure; concurrent validity or how the simu-
lators compare to a ‘gold standard’; and predictive validity
or the ability of the simulator to predict future
performance.

Results

The initial search criteria returned 227 published articles.
After all inclusion and exclusion criteria were applied, a
total of 47 peer-reviewed manuscripts were deemed suit-
able for inclusion in the final review (Fig. 1). Four com-
mercially available VR robotic surgical simulators
currently exist: the da Vinci Skills simulator (dVSS;
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Fig. 1 The RoSS™ Robotic Surgery Simulator (Simulated Surgical
Systems LLC, San Jose, CA, USA)

Intuitive Surgical, Sunnyvale, CA, USA), the Mimic dV-
Trainer (dV-Trainer; Mimic Technologies, Inc, Seattle,
WA, USA), the Robotic Surgical Simulator (RoSS; Sim-
ulated Surgical Systems, Buffalo, NY, USA), and Sim-
Surgery Educational Platform (SEP, SimSurgery, Norway).
A total of 26 validation studies on the individual simulators
were reviewed (Table 1).

Robotic surgical simulator (RoSSTM)

Overview

The RoSS (Simulated Surgical Systems LLC, San Jose,
CA, USA) is a portable, stand-alone system that has been
available since 2009. This system costs >$100,000 and
contains 52 unique exercises organized into five categories:
orientation module, motor skills, basic surgical skills,
intermediate surgical skills, and hands-on surgical training.
The RoSS utilizes its own hardware. The most notable
difference in hardware compared to the actual da Vinci
Surgical System are the hand controllers, which have a
smaller range of motion resulting in increased need for
clutching [6]. RoSS is depicted in Fig. 1.

Validation

Three groups have performed studies concluding that the
RoSS is an appropriate training tool to develop robotic
surgical skills [7-10]. Validation studies are presented in
Table 1. Seixas-Mikelus et al. showed that experts thought
the RoSS were realistic and a useful tool for skills acqui-
sition, establishing face and content validity. Raza et al.
and Chowriappa et al. showed the performance of experts
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Table 1 Summary of validation studies for commercially available VR robotic simulators
Simulator Face Content Construct Concurrent Predictive (simulated) Predictive (OR) References
RoSS
X [10]
[7]
X [8]
X [9]
dV-Trainer
X X X [12]
X X [13]
X X X X [14]
[19]
X X X [15]
X X [16]
X X [17]
X X [18]
X X [20]
dvss
X X [25]
X [26]
X [32]
X [27]
X [35]
X X X [29]
X X [33]
X [28]
X X X [30]
X X X [16]
X X [31]
SEP
X X X [40]
X [41]
[42]

dVSS da Vinci Skills Simulator, dV-Trainer Mimic da Vinci Trainer, RoSS Robotic Skills Simulator, SEP SimSurgery Educational Platform

on the RoSS exceeded that of novices, demonstrating
construct validity.

Skills training

Acquisition of improved surgical skill was first demon-
strated by Stegemann et al. [11] who noted that completion
of a standardized training curriculum on the RoSS results
in significant improvements in basic robotic surgery skills.
The curriculum, formally known as the Fundaments Skills
of Robotic Surgery (FSRS), consists of 16 RoSS tasks from
four modules: basic console orientation, psychomotor skills
training, basic surgical skills, and intermediate surgical
skills (Table 2).

Other uses

The RoSS has the capability to measure multiple perfor-
mance metrics. In an effort to delineate real world per-
formance metrics from others, Chowriappa et al. [10]
developed the Robotic Skills Assessment (RSA) score.
This score provides users with a valid and standardized
assessment tool for VR simulation. A panel of expert
robotic surgeons developed the score by defining tasks,
assigning weights, and integrating performance metrics
into a hierarchal scoring system. Special consideration was
given to surgical safety and critical errors. Less weight was
assigned to time to task completion. The individual metrics
on the RoSS software are then computed into the RSA
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algorithm to provide the final RSA score. A comparison of
scores between novice and expert surgeons confirmed
construct validity. The RSA score algorithm can potentially
be applied across all robotic VR simulators.

Mimic dV-Trainer (dV-Trainer®)
Overview

The dV-Trainer (Mimic Technologies, Seattle, WA, USA)
is a stand-alone, portable, tabletop device with mobile foot
pedals. The simulator launched its first prototype in 2007,
costs approximately $100,000, and contains 65 unique
exercises. The dV-Trainer hardware differs from the actual
da Vinci Surgical System. The most apparent difference is
in the hand controls, which utilize three cables to measure
hand movements rather than the more precise arms found
on the RoSS and the true da Vinci Surgical System [6].

Validation

Nine groups concluded that the dV-Trainer is an appro-
priate robotic surgery training tool [12-20] (Table 1).
Seven groups demonstrated face validity by means of
participant survey responses. Of these, six groups estab-
lished content validity through the same surveys by con-
cluding that the simulator is an effective training tool.
Seven groups established construct validity by showing
experts outperformed novices [12—-18]. Two groups showed
concurrent validity through correlating VR performance
with performance on the actual da Vinci robot [14, 19].

Basic skills training

Completion of a training curriculum on the dV-Trainer
leads to an increase in basic robotic skills [13, 21]
(Table 2). In addition to describing acquisition of basic
robotic skills, Korets et al. demonstrated that training on
the dV-Trainer resulted in similar skills acquisition as
training on da Vinci dry laboratory exercises. In their
study, 16 urology residents were assigned to one of three
groups. All residents were tested for baseline robotic skills.
Group one completed a training curriculum on the dV-
Trainer, Group two completed a training curriculum on da
Vinci dry laboratory exercises, and Group three served as a
control. Results indicated that Groups one and two dis-
played a similar increase in post testing performance
compared to baseline.

Daily training has been suggested to be the most
appropriate for the dV-Trainer [22]. Kang et al. compared
three training schedules: 1 h daily for four consecutive
days, 1 h weekly for four consecutive weeks, and four
consecutive hours in 1 day. The 1-h daily for four

consecutive days schedule was associated with increased
final performance and continuous score improvement.

Other uses

Aside from acquisition of basic skills through a training
curriculum, the dV-Trainer can be utilized for advanced
procedural-based practicing. Kang et al. [23] established
face, content, and construct validity of a specific procedural
module on the dV-Trainer. The group recruited 10 novice
and 10 expert robotic surgeons to perform a VR module
designed to mimic a vesicourethral anastomosis. Experts
outperformed the novice group in most metrics, including
time, total score, economy of motion, and instrument
collisions.

Lendvay et al. [24] used the dV-Trainer as a warm-up
tool for surgeons before entering the operating room. The
study group enrolled 51 surgeons and randomized 25 to
receive a 3-5 min warm-up period on the dV-Trainer
before completing tasks on a da Vinci dry laboratory ses-
sion meant to mimic surgical procedures. Their results
were compared to 26 control surgeons who were roboti-
cally trained but received no warm-up period. They found
the warm-up group outperformed the controls in measures
such as task time and economy of motion.

da Vinci skills simulator (dVSS)
Overview

The dVSS (Intuitive Surgical, Sunnyvale, CA, USA) is the
only simulator that attaches directly to the actual da Vinci
Surgical System console. The prototype was first described
in 2011, costs nearly $85,000, and includes 40 unique
exercises [6]. The simulator cannot function independently
and requires a da Vinci Surgical System console. No
hardware discrepancies exist. One disadvantage of this
design is that when the da Vinci Surgical System is in use
for clinical cases, the dVSS cannot be used for training
purposes. The dVSS is depicted in Fig. 2.

Validation

The dVSS is an established training tool [16, 25-33]
(Table 1). A variety of studies have been conducted on this
simulator demonstrating face, content, and construct, and
predictive validity. Predictive validity was reported by
Culligan et al. [32] who trained robotic surgeons on the
dVSS. Training on the dVSS led to improved performance
on actual human robotic hysterectomy cases. Similarly,
Hung et al. [33] demonstrated that baseline skills on the
dVSS were predictive of baseline and final scores on da
Vinci ex vivo tissue performance.

@ Springer
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Fig. 2 The da Vinci surgical simulator (dVSS, Intuitive Surgical,
Sunnyvale, CA, USA)

Basic skills training

Many groups established and validated specific training
curricula on the dVSS, and noted completion of the cur-
ricula led to increased skill on the da Vinci. [32-38]. A
summary of training curricula is presented in Table 2.

The protocol for curriculum tasks varies from profi-
ciency-based, time-based, and proficiency-based with a
maximum number of attempts limit. Three groups utilized
a purely proficiency-based training curriculum [32, 34, 38].
Bric et al. [34] used expert proficiency levels, requiring
3-consecutive marks at or above expert levels in order to be
deemed proficient. Culligan et al. [32] also utilized expert
proficiency levels, but did not comment if consecutive
attempts were required. Zhang et al. [38] utilized a profi-
ciency of 91 % composite score.

Two groups utilized a proficiency-based training cur-
riculum with a maximum number of attempts. Gomez et al.
[36] described a curriculum with a proficiency goal of 80 %
overall score with an attempts-cap at six. The authors noted
six attempts were not sufficient for all subjects to reach
proficiency, which resulted in some subjects advancing
through the curriculum without gaining the desired skill.
Similarly, Vaccaro et al. [37] utilized an 80 % overall score
proficiency level and maximum number of attempts of ten.
The authors did not comment if ten attempts were an
appropriate limit, or quantify the amount of subjects who
reached the limit before reaching proficiency.

One group directly compared a time-based and profi-
ciency-based training curriculum. Foell et al. [35] described
the Basic Skills Training Curriculum (BSTC), which utilized
one group with time-based training (three 1-h sessions) and
one group with proficiency-based training (80 % total score).
Although both groups exhibited improvement in da Vinci
dry laboratory tasks of ring transfer and needle passing, the
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proficiency group demonstrated greater improvement on
post-curriculum testing. These investigators noted excellent
face validity of the dVSS.

Interestingly, one study by Hung et al. [33] was unable
to show statistically significant improvement in da Vinci
animal laboratory scores following completion of a 17-task
training program on the dVSS. The authors attributed the
failure to show statistical power to inadequate duration of
simulator training and the imprecise method of baseline
and final skills measurement.

SimSurgery Educational Platform (SEP)
Overview

The SEP (SimSurgery, Oslo, Norway) is a stand-alone
robot developed in the Netherlands. It costs between
$40-45,000 and provides 21 unique tasks [39]. A two-di-
mensional monitor serves the function of the eyepiece.
Operator hand controls are mounted to a portable hand
board, and the fourth arm component does not exist as
compared to the da Vinci Surgical System.

Validation

Two groups concluded that the SEP is a valid training tool
[40, 41] (Table 1). Gavazzi et al. demonstrated face and
content validity using a questionnaire to determine the
usefulness of the SEP. Both Gavazzi et al. and Shamin
Khan et al. showed construct validity by measuring the
performance of experts compared to novices. Conversely,
Balasundaram et al. were unable to show construct validity
of the SEP through comparison of novice and expert per-
formances [42].

Other uses

SimSurgery AS advertises that the SEP robot is compatible
with procedural software originally designed for its
laparoscopic training modules [43]. These are specific
simulations of important parts of various procedures (i.e.,
the cholecystectomy module includes two simulations:
dissection of Calot’s triangle and dissection of the gall
bladder). No studies have been found in the research val-
idating these modules on the SEP robot.

Discussion

This study is a review of the current literature pertaining to
the use of VR simulation in the acquisition of robotic
surgical skills. We have found that the literature demon-
strates that VR simulators are appropriate tools for
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measuring robotic surgical skills. Basic robotic surgical
skills on the actual da Vinci System have been demon-
strated to improve after training on VR simulators.

The use of VR simulators as valid assessment tools for
robotic skills have been previously summarized [39, 44—
46]. Construct validity in this context is the extent to which
a simulated task can measure or discriminate between
operators of different levels of surgical skill. Most often,
performance is compared between novice and expert
robotic surgeons. In VR simulation, it is assumed that the
improved or superior performance demonstrated by an
expert robotic surgeon represents actual robotic skill
obtained in the operating room. This infers that the VR
simulator actually measures robotic skill [7, 10, 12-17, 25—
31, 40, 41]. Predictive validity is the extent to which per-
formance on the simulator can predict future performance
on the actual da Vinci robot. Mastery of the simulator is
thought to translate into actual surgical proficiency [32]. It
is difficult to definitively demonstrate that robotic VR
training leads to improved performance or outcomes in
robotic surgery on human patients for many reasons. Easily
derived metrics such as time to perform a case are con-
founded by variations in patient and procedure complexity.
Complications are difficult to attribute to a specific training
methodology and hopefully infrequent enough that a very
large sample size would be required to demonstrate a true
effect. Both Culligan et al. and Hung et al. were able to
demonstrate predictive validity using the dVSS. However,
only Culligan was able to associate VR training with per-
formance during actual human robotic surgical cases. This
association is crucial as the ultimate goal of VR training is
to improve operator performance and robotic skills for
human cases beyond the training environment.

The curricula and tasks utilized in the various studies
published examining the utility of VR robotic trainers in
skills assessment and training tend to vary widely from
study to study. A standardized tool or definition of profi-
ciency that could be applied across the various platforms
and applied more universally would be of value. The RSA
developed by Chowriappa is a standardized assessment tool
that can be applied to all simulators. This provides an
opportunity to use the VR to assess the skill of certified
robotic surgeons at any time point. The ability to stan-
dardize assessments on a VR simulator has the potential to
be used in re-credentialing of robotic surgeons [10, 15, 27,
31]. In this application, a brief assessment on a VR simu-
lator using a score such as the RSA may be enough to
ensure that a practicing robotic surgeon is maintaining his/
her basic robotic surgical skill set, especially in cases
where the volume of robotic surgical procedures performed
in a period of time may fall below a threshold number. A
major limitation to this application is the lack of a

consensus definition and standard for robotic surgical
competency.

Many groups have demonstrated that training on VR
simulators leads to improved performance on the actual da
Vinci Surgery System. Seven independent groups in the
literature described training curricula on the dVSS that
resulted in increased robotic skill. Training on both the dV-
Trainer and the RoSS has also been demonstrated to result
in improved performance of the da Vinci system in simu-
lated tasks. [11, 21, 34-38]. A major limitation of these
studies is that the measurement of basic robotic skills was
completed in a simulated robotic environment and not
actual human robotic cases. To date, there is only one
published study that measured robotic skill performance on
a human robotic case [32].

Despite a lack of evidence for a direct relationship
between VR simulation and performance on actual human
cases, it has been well described that the skills gained from
VR training are similar to those attained via traditional
robotic dry laboratory simulation training [13, 19, 28, 47].
Lerner et al. and Korets et al. both demonstrated that
training on the dV-Trainer leads to similar skills gained
when compared to dry laboratory simulation. Hung et al.
and Tergas et al. showed the same on the dVSS. Therefore,
training on VR simulation may be a viable alternative to
dry laboratory training with the actual da Vinci system
when considering the cost benefit of VR simulation. Reh-
man et al. [48] described the indirect cost benefit of using
the RoSS at the Roswell Park Cancer Institute. Over a
l-year period, it was determined that approximately
$622,784 could be saved if VR simulation replaced dry
laboratory training. The investigators assumed that RoSS
training is comparable and possibly more economical in
comparison with animal/dry laboratory training.

Although investigators attempt to describe VR training
protocols, there is no standardization among training cur-
ricula. Proficiency training is thought to be the most effi-
cient manner in which to acquire basic robotic surgery
skills [35, 49-51]. Many robotic surgery teams have
attempted to develop their own proficiency-based VR
training curriculums [32, 34-38]. Differences in clinically
relevant performance standards are often debated. Cur-
rently, proficiency levels often use an arbitrary 80 %
‘overall score’ metric output by the simulator software
[35-37]. The utility of an 80 % goal is unknown because
the software metrics were not developed by expert robotic
surgeons and instead represent standard pre-programmed
metrics [10]. In an attempt to identify meaningful training
goals, Connolly et al. [26] and Culligan et al. [32] estab-
lished proficiency scores based on expert robotic surgeon
performance metrics. Both teams demonstrated that com-
pletion of their specific training curriculums placed VR
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simulator trainees at the same level as expert robotic
surgeons.

A maximum number of attempts have also been applied to
proficiency-based VR training; however, this methodology
may result in advancement through the curriculum by trai-
nees without acquiring the desired skills [36, 37]. Setting
maximum attempts to a low limit has been shown to be
undesirable in basic skills training [52]. Brinkman et al.
described learning curves of dVSS tasks and found 10
attempts were insufficient for novice trainees to reach expert
proficiency levels. A premature attempt-cap on a task can
inappropriately shorten training time before the desired skill
has been achieved [53]. Kang et al. described the learning
curve of the ‘tube 2’ task on the dV-Trainer and determined a
mean of 74 attempts was needed to reach a performance
plateau. Based on these observations, proficiency-based
training with the goal of obtaining expert skill levels benefits
from an unlimited amount of attempts limit during basic
skills training curriculum on VR simulators. Under this
model, robotic trainees are not limited by time or attempts,
but rather adjust training to meet their individualized learn-
ing curve. Ultimately, completion of the curriculum leaves
every trainee at the same level of skill on the simulator,
provided proficiency targets have been met.

The use of VR simulators is evolving from basic skill
development to more advanced uses. Similar to athletes
warming up for a game or competition, the work done by
Lendvay et al. suggests a brief VR warm-up period before
procedures as a potential means of decreasing procedure
time and reducing intra-operative errors. The opportunity
for training and warm-up on a virtual environment mim-
icking the procedure the surgeon is about to perform could
reduce errors and procedural time [23].

The validation and skills testing of virtual reality envi-
ronments in robotic skills training has been extensive. As
technology advances, the sophistication of the simulated
tasks, and potentially even entire procedures continues to
evolve and improve. There are several distinct advantages
of VR trainers for acquiring robotic surgical skills includ-
ing safety, convenience, efficiency (especially when the
alternative is to train on a da Vinci system also used
clinically), and cost effectiveness (after initial investment
in the simulator and if used extensively). Over the past
several years, a group of 80 national/international robotic
surgery experts, behavioral psychologists, medical educa-
tors, statisticians and psychometricians have been working
to develop a multispecialty, proficiency-based curriculum
of basic technical skills and didactic content known as the
Fundamentals of Robotic Surgery (FRS). The FRS tech-
nical skills are based on a physical model using the da
Vinci system. The FRS is a joint educational program
funded through a Department of Defense grant and an
unrestricted educational grant from Intuitive Surgical [54].
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The FRS was designed to be device and specialty inde-
pendent. The FRS curriculum is set to undergo validation
studies at the time of this writing. While outside of the
scope of this review of VR simulators in robotic surgical
skills training, a validated curriculum widely accepted by
robotic surgeons of multiple disciplines would be a major
advance in robotic surgical skills training. A version of this
curriculum using the validated tasks could potentially be
programmed into future VR simulators. The final phase of
validation studies as described by the FRS consensus
conference working group includes plans to proceed with a
research study at 10 American College of Surgeons
Accredited Education Institutes to determine the predictive
validity of the curriculum. This should help bridge the gap
identified earlier in this manuscript when it comes to
simulation-based training and robotic surgical outcomes.

At our own institution, we acquired a daVinci™ Skills
Simulator several years ago along with the purchase of 2
robotic surgical systems. We were frustrated with the
extensive array of tasks and drills pre-programmed into the
trainer, and the computer derived performance metrics that
were difficult to interpret and not validated. We developed
and validated a proficiency-based curriculum that has
become the standard curriculum used for training and
maintaining robotic credentials at our institution [26, 34].
As we considered the literature and state of VR training in
robotic surgery, we came to realize that there are numerous
training systems, a multitude of curricula, and various
studies validating and supporting the use of these systems
as training tools. This was the motivation for the current
review.

The full spectrum of robotic surgical skills needed to
safely perform surgical procedures has yet to be completely
defined and adequately measured. It is clear that VR sim-
ulation can play an important role in future curricula
designed to help surgeons acquire basic and/or advanced
robotic skills, to document the maintenance of previously
acquired skills, and possibly even to practice or warm-up
prior to actual procedures. The currently published litera-
ture evaluating VR robotic surgical skills simulation is
confounded by the different hardware and software plat-
forms, and the different metrics used to measure perfor-
mance. It is likely that in the near future, another robotic
surgical system or systems will become commercially
available. The interface of these systems is likely to differ
from that of the da Vinci system. Discrete surgical skills
may be needed to perform complex tasks on these new
systems that are unique from those needed on the da Vinci
system and not derivative from those attained on a different
platform. This training gap will need to be addressed as
new robotic surgical systems become available. Further
research is necessary to define discrete skills and curricula
that are valid and can be universally applied.
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Conclusion

There are many benefits to utilizing VR simulation for
robotic skills acquisition. Four commercially available
simulators (dVSS, dV-Trainer, RoSS, SEP) have been
demonstrated to be capable of assessing robotic skill. Three
of the four simulators (dVSS, dV-Trainer, RoSS) demon-
strate the ability of a VR training curriculum to improve
basic robotic skills, with proficiency-based training being
the most effective training style. The skills obtained on a
VR training curriculum are comparable with those obtained
on dry laboratory simulation. The future of VR simulation
includes utilization in assessment for re-credentialing pur-
poses, advanced procedural-based training, and as a warm-
up tool prior to surgery.
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