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Abstract

This study sought to develop basic robotic surgical skills among surgical trainees across multiple specialties using a VR-based
curriculum and provided objective, on-demand, automated assessments using the Intuitive Learning platform. This curricu-
lum was developed using the Da Vinci Skills Simulator and included 24 exercises. A pre-test and post-test were required for
completion of the curriculum. Scores > 90 on individual exercises and the post-test were required for successful completion.
The Intuitive learning platform provided automated performance metrics and tracked trainee progression. The curriculum
was implemented and data collected over a 12-month period. 21 trainees completed the entire curriculum. Post-test scores
were significantly higher than pre-test scores and trainees reported improvement in their robotic skills after curriculum com-
pletion. A comparison based on training level revealed that junior residents had significantly lower number of attempts per
exercise, fewer penalties, and higher completion scores when compared to senior residents and fellows. Individual exercise
analysis demonstrated that exercises, such as ‘Three-Arm Relay’ and ‘Ring Rollercoaster’, required the longest time and most
attempts to achieve a passing score. The ‘Energy Pedals’ and ‘Knot Tying’ skills were the least-utilized skills addressed in
the curriculum. Virtual reality-based curriculums using the Intuitive Learning platform can be standardized across multiple
specialties allowing for the development of basic robotic skills, shared interdisciplinary surgical education, and provides
powerful objective and automated performance metrics of trainees.
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Introduction

The adoption of robotic surgery across multiple specialties
and it is now common occurrence at academic centers have
led institutions to develop and incorporate their own formal
robotic curriculums. These curriculums however are often
institution- and specialty-specific [1]. Expert consensus has
provided recommendations that robotic surgery curriculum
development ought to include a virtual reality (VR) por-
tion as part of simulation training [2]. Institutions that have
developed their own curriculum have demonstrated improve-
ment in robotic skills and increased trainee operative console
time by performing virtual reality training in conjunction
with synthetic exercises [3]. The Da Vinci Skills Simula-
tor (DVSS) has demonstrated the highest face and content
validity among robotic surgery VR simulators [4]. Other
studies have demonstrated that VR exercises on the DVSS
require a score >90% to reach a standardized expert-level
score [5]. A general surgery robotic curriculum that adopted
the >90% standard for VR exercises as part of their program
demonstrated improvement in robotic skills assessed through
the GEARS score [6].

Barriers to novice robotic surgeons have been identified
as lack of familiarity with the robotic platform/technology
and lack of psychomotor skills [1]. Robotic simulation train-
ing can assist in improving these skills and increase surgeon
efficiency [1, 7]. VR training has demonstrated translatabil-
ity to robotic operative skills. A meta-analysis looking at
correlations between VR simulation training and skill acqui-
sition identified 5 out of 8 studies that demonstrated trans-
lation of skills from a VR platform to the operating room
[7]. Six out of eight of those studies were performed on
the DVSS. VR exercises were variable (19 various exercises
were identified) as was skills assessment which occurred
on both human and animal models and involved assessing
metrics, such as OR time, estimated blood loss, RO-SCORE,
GEARS assessment, or patient outcomes. Additionally, only
one of the studies included trainees from multiple special-
ties while other looked at specialty-specific trainees, medical
students, or expert surgeons [8—11]. Additional studies have
identified needs for objective and automated measures that
help demonstrate improvement in robotic skills [12]. The
variability in curricula development, cohorts, and assess-
ment tools identifies a need for a standardized approach to
VR simulation training with broad-based applicability, sim-
ple progress tracking, and automated assessment [13].

The Intuitive learning platform offers a new interface for
all trainees and administrators to assign and track DVSS VR
exercise progress [14]. Furthermore, it collects automated
performance metrics (APM) on each exercise performed.
Analysis of APM provides information with regard to both
trainee performance and individual exercise performance.
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This includes exercise performance scores, time to exer-
cise completion, attempts per exercise, economy of motion,
penalty scores, and progression tracking. We hypothesized
that trainees would show improvement in post-test scores
after completion of the VR curriculum by demonstrating
skill development and that performance would not differ
significantly based on specialty but would differ based on
PGY level. Additionally, we sought to utilize the automated
performance metrics provided by the platform to assess
areas for improvement in the curriculum and where to focus
further skill progression.

Methods
Needs assessment

Our institution’s multidisciplinary robotics committee met
regularly in 2019 through 2020 to discuss ways to enhance
trainees’ preparation to participate in robotic surgery cases
as a bedside assist and console surgeon. The committee
performed an extensive literature review of other robotic
training programs and performed a needs assessment of
specialty-specific training concerns. Results from this pro-
cess concluded that across all residency and fellowship train-
ing programs, attendance noticed a high variability of basic
robotic skills among residents of all levels and new fellows.
It was also noted that studies had been conducted which
demonstrated benefits of VR-based training as part of formal
robotic curriculums and showed that VR-based training can
lead to skill acquisition [3, 4, 6, 7, 15].

Curriculum development

The exercises for the curriculum were chosen from the list
of exercises on the DVSS which are divided up into the fol-
lowing categories: camera control and clutching, endowrist
manipulation, fourth arm integration, energy and dissection,
and needle driving [16]. The curriculum used this model
to break up the exercises into seven distinct sessions and
included 24 exercises (Fig. 1). The exercises included were
similar to those used in other curriculums as well as exer-
cises included in fundamentals of robotic surgery (FRS),
thus eliminating the variability seen in exercise selection
from other studies which had a narrower focus in skill evalu-
ation [6, 8—11, 15]. A score of >90% on each exercise was
set as the standard passing score as this was demonstrated
by prior studies to be a score consistent with expert skill
level [5].



Journal of Robotic Surgery (2022) 16:1313-1319

1315

Fig.1 Virtual reality-based
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Learner assessment and tracking trainee progress

A pre-test and post-test were included in the curriculum to
assess trainee improvement. Starting in February of 2020,
all residents and fellows were enrolled in the VR curriculum.
This included trainees from the following specialties: GYN,
general surgery, urology, thoracic, hepatobiliary, colorectal,
and ENT. Trainee progress was monitored using the Intui-
tive Learning site where they could track their APMs and
observe their progress on demand. Monthly progress reports
were generated from the APMs and distributed to all robotic
committee members and program directors. (Sample exer-
cise performance report demonstrated in Fig. 2).

Three Arm Relay 2

Performance over time

NOTES - 03/01/2021 06:24:39 PM

Congratulations! You've done a great job
minimizing penalties and streamlining
your movements.

92

Jan 21 Mar '21

Data collection and curriculum evaluation

The Intuitive Learning platform was monitored routinely to
track trainee progress and generate a monthly report to the
trainees program directors. Exercise completion and APMs
were recorded on a spreadsheet. Pre- and post-test scores
were tracked. The DVSS was queried for all exercise data
from the 12-month period of Feb 2020-Feb 2021. This pro-
vided data on every exercise performed by every trainee on
the simulator in that time period. A T test was performed
comparing all pre-test and post-test scores. Simulator data
were analyzed to determine individual exercise performance.
An analysis was performed to assess for differences based on
specialty and PGY level by evaluating the following metrics:
completion scores, attempts per exercise, time on completed
exercises, and penalty scores. Trainees that completed the

@ Springer



1316

Journal of Robotic Surgery (2022) 16:1313-1319

Table 1 Pre-test and post-test
comparison

Exercise Pre-test average Post-test average Percent Increase P value
Ring Rollercoaster I 33.42 93.61 +180.10% <0.01
Three-Arm Relay IIT 33.93 93.12 +174.45% <0.01
Anterior Needle Drive ATW 48.4 92.82 +91.78 <0.01

Table 2 Exercise metrics categorized based on skill session

Exercise category Time total (s) Total attempts

Average time (s)

Average attempts Time to passing  Average penalties

score (s)

Endowrist I 692,911 3136 170.9 7.3 1281.6 16.3
and II

Camera control 81,776 720 114.3 2.9 360.9 13.8
and clutching

Retraction arm 263,050 1141 271.0 7.5 2153.1 25.5
coordination

Energy pedal 55,471 392 130.7 2.7 357.5 18.7
selection

Needle driving I 406,256 2061 214.3 4.9 1073.0 14.6
and II

curriculum or completed > 50% of the curriculum were
asked to fill out a curriculum evaluation survey.

Results

From Feb 2020-Feb 2021, 73 trainees were enrolled in the
curriculum with 53 active users at time of data analysis.
21 Trainees completed the entire curriculum (6 General
Surgery, 6 Urology, 5 GYN, 2 HPB, 1 Colorectal, 1 Tho-
racic). 23 Trainees had partially completed the curriculum
(>30% of exercises completed). Curriculum exercises were
attempted 7450 times. The majority of trainees who com-
pleted the curriculum required on average 8 weeks for com-
pletion. Trainees spent a total of 416 h and 31 min on the
curriculum. The average time for trainees to complete the
curriculum was 7 h and 19 min. Analysis of pre-test and
post-test scores showed significant improvement across all
three exercises: Ring Rollercoaster 11+ 180.1%, Three-Arm
Relay 111+ 174.45%, Anterior Needle drive ATW +91.78%
(Table 1).

23 Trainees responded to our curriculum evaluation sur-
vey. 99% of trainees agree that the VR curriculum improved
their robotic skills. 71.5% of trainees believe that completing
the VR curriculum has granted them more console time in
the operating room. The majority of trainees found the abil-
ity to track their progress using the automated platform help-
ful. Three-Arm Relay and suturing exercises were deemed
most useful by trainees. Ring Rollercoaster exercises were
deemed less useful or repetitive by trainees.
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Analysis of variance (ANOVA) comparing specialties:
General Surgery, GYN, and Urology showed no statistical
difference in terms of completion scores, completion time
(s), and penalty score. Attempts per exercise were noted to
be significantly higher in general surgery than other special-
ties. ANOVA comparison based on level of training dem-
onstrated that junior residents (PGY1-3) had significantly
lower number of attempts per exercise, fewer penalties, and
higher completion scores when compared to senior residents
and fellows (Table 2).

Individual exercise data analysis provided the following
metrics: average time spent per attempt, average number
of attempts needed to achieve a passing score (>90%),
average amount of time investment needed to achieve a
passing score, and average penalty score (Table 3). Exer-
cises, such as Three-Arm Relay II and Ring Rollercoaster
II, required the largest time investment to achieve a pass-
ing score (53 min 21 s, 50 min 36 s) whereas Clutch and
Energy Pedals II required the shortest time investment
(1 min 10 s, 4 min 42 s). Comparing exercise categories
revealed that the Ring Rollercoaster exercises require sig-
nificantly more attempts, more average attempts to achieve
a passing score, and more penalties than the Energy Pedal
Selection exercises (Table 4). When broken down based
on exercise category, the majority of time on the curricu-
lum was occupied by endowrist exercises (38.9%) followed
by needle driving (25.8%), retraction arm (24.4%), cam-
era control (4.2%), energy pedals/ dissection (4.1%), and
finally, knot tying (2.7%) (Fig. 3).
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Table 3 ANOVA comparison based on training level

Metric PGY 1-3 (Avg) PGY 4-5 (Avg) Fellows (Avg) P-value
(N=9) (N=3) (N=5)

Completion score 95.89 94.40 94.55 <0.05

Attempts 5.88 7.39 15.89 <0.01

Completion time (s) 119.89 119.79 12391 0.8029

Penalty score 2.94 3.43 4.13 <0.01

Terms defined as the following: Completion score: passing score achieved > 90. Attempts: attempts performed to achieve a passing score on each
exercise. Completion Time: time spent on the individual exercise that achieved a passing score. Penalty Score: the penalty deductions incurred

per attempt

Table4 Comparison of Ring Rollercoaster and Energy Pedal exer-
cises based on recorded metrics

Ring Roll- Energy Pedal P-value
ercoaster selection exer-
exercises cises
Time total (s) 330,460 55,471 0.153
Total attempts 1215 392 0.035
Average time per attempt  223.3 130.7 0.069
(©)
Average number of 7.6 2.7 0.029
attempts
Time to achieve passing 1797.5 357.5 0.084
score
Average penalties 24.7 7.7 0.041

Percent of Time Spent on Each Exercise
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Fig. 3 Distribution of time spent on each individual exercise

Discussion

Implementation of a robust VR-based robotic curriculum is
feasible across multiple surgical specialties and can develop
basic robotic skills. The Intuitive Learning platform makes
curriculum design, assigning exercises, and tracking train-
ees’ progress incredibly easy. The automated performance
metrics recorded by the DVSS provide an objective assess-
ment tool and on-demand progression tracking for both
trainees and instructors. Automated objective assessment
data can greatly reduce the burden required by instructors
to evaluate skill progression in trainees and streamline the
learning process. This was the first study performed that
used these data to not only compare the performance of
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specific trainee groups but also compare the metrics of indi-
vidual exercises.

The curriculum was designed based on the principle of
deliberate practice with repetition overtime to build skill
performance and prevent skill degradation. Pre-test and
post-test analysis demonstrates statistically significant
improvement in VR performance which coincides with
trainees overall perception of improved robotic skills.
Trainees also reported that their console time in live OR
settings increased after curriculum completion. This sug-
gests that VR simulation serves a valuable role in devel-
oping basic robotic skills and upon completion, trainees
can expect to get a better quality experience in the live OR
settings. While the curriculum completion included mem-
bers from 6 out the 7 specialties engaged in robotics at our
institution, only 21 current trainees out of 53 completed
the curriculum in its entirety. This lower attrition rate may
be due to several factors including not making the cur-
riculum obligatory, lack of interest among certain trainees,
and significant time investment required for completion.
Earlier survey data gathered revealed that the majority of
trainees thought the time investment was the largest bar-
rier to completion.

The differences seen in the ANOVA data were not
expected. The higher number of attempts on exercises taken
by General Surgery compared to GYN and Urology may
have reflected that robotic general surgery was a newer ser-
vice line with general surgery residents having less clinical
experience relative to the other divisions. Even more inter-
esting was the comparison based on training level. Junior
residents (PGY 1-3) took fewer attempts, incurred fewer pen-
alties, and had higher completion scores compared to senior
residents (PGY 4-5) and fellows. The small sample size of
the analyzed groups may have contributed to this finding.
However, it can also be theorized that more senior-level
trainees already have some prior operative robotic experi-
ence and were attempting to translate what skills they have
acquired to the simulator. Naive robotic trainees may not
require an adjustment period and thus be able to complete
the exercises in a more efficient fashion.

Analyzing individual exercise metrics revealed that
trainees spent a large amount of time performing endow-
rist exercises (Ring Rollercoaster, Sea Spikes, etc.) and a
minimal amount of time on exercises involving the energy
pedals and knot tying. The time investment placed in the
Ring Rollercoaster exercises correlates with survey data
that trainees found these exercises most repetitive. Unlike
traditional open surgical instruments or straight stick lapa-
roscopic instruments, learning to manipulate wrist action
is novel to robotic surgical instruments with no analogy to
apply from prior clinical training. The working field of view
for robotics can be a very tight space if the economy of
motion provided by wristed instruments is underutilized.
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Without understanding the dynamic application of wristed
motion these exercises may have required more repetitions
and longer times to achieve a 90% score. This observation
led us to create video demonstrations of “tips and tricks” for
each exercise to shorten the trainees learning curve. The data
generated will help us evolve our curriculum to better serve
the needs of surgical trainees. Conversely, we can look to
add more exercises that involve knot tying or energy pedals
to improve the distribution of these skills in the curriculum.

Conclusion

A standardized multidisciplinary VR robotic curriculum
is feasible and helps develop basic robotic skills. Intuitive
Learning offers a powerful tool for tracking trainee progress,
assessing individual exercise metrics, and allowing surgical
educators to make adjustments to robotic training curricu-
lums based on data.

Limitations

This study has several limitations. First, this curriculum
is not validated to demonstrate improved robotic skills in
the operating room or correlated with patient outcomes.
While other studies have shown skill improvement with
their robotic curriculums, none have done so with a purely
VR-based curriculum. Our improved post-test scores and
survey data provide a perception of improved skills. Next,
our comparative analysis based on specialties and training
level had small sample sizes. The differences seen among
the groups may be due to outliers and more subjects will be
required to confirm these differences. Finally, this study was
performed at a single academic center and thus may not be
generalizable; however, the improved scores and perceptions
of improvement correlate with similar studies.
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