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Abstract

Objectives. _To systematically review and synthesize the validity evidence supporting
intraoperative and simulation-based assessments of technical skill in urologic robotic-
assisted surgery (RAS), and make evidence-based recommendations for the

implementation of these assessments in urologic training.

Materialsand Methods: A literature search of the MEDLINE, PsycINFO and Embase
databases was performed. Articles using technical skill and simulation-based assessments
in RASwere abstracted. Only studies involving urology trainees or faculty were included

in the finalanalysis.

Results: Multiple tools for the assessment of technical robotic skill have been published,
with mixed.sources of validity evident@support their use. These evaluations have been
used in both the ex vivo and in vivo settings. Performance evalusdioyes from global
rating seales to psychometrics, and assessments are carried out through automation,

expert analysts, and crowdsourcing.

Conclusion: There have been rapid expansions in approaches to robotic technical skills

assessment, both in simulated and clinical settings. Alternative approaches to assessment
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in RAS such as crowdsourcing and psychometrics remain under investigation. Evidence
to support the use of these metrics in high-stakes decisions is likely insufficient at

present.

Keywords:, Urology training; Robotic Surgery; Technical Skill Assessment; Simulation;
Education; Competency

1. Infroduction

Sugicd education is experiencing a huge shift from Halstead’s apprenticeship
model introduced over 100 years ago to the current climate of competency-based
education. A trainee must exhibit clinical competence, and in surgical education this
includes both the technical and non-technical skills needed to safely carry out any
number of procedures. Evidence linking technical performance to patient outcomes and
safety has drawn thaiblic’s attention, reflected by recent efforts to allow patient access
to video-footage of surgical procedureBhese developments have significantly altered

the way'werin which approach research in surgical assessment and curriculum design.

More than in any other surgical field, robotic-assisted surgery (RAS) has been
rapidly embraced by the urologic communityis quickly becoming the most common
approach to many operations, including prostatectomy, partial nephrectomy, pyeloplasty,
cystectomyy, and retroperitoneal node dissection (RPEN®)predominant use
continues:to be for prostate cancer, where Robotic-Assisted Radical Prostatectomy
(RARPR) has become the gold standard in the surgical management of localized prostate
cancer. in most of the developed wérl@ihe dynamic growth of this surgical technique
has had.a wide impact on practicing urologists and surgical residency and fellowship
programs.alike. The need for formaliZRAS training has also resulted in increased need
for assessments of skill, both formative and summative. Despite the continued creation of
new tools to assess performance, important questions remain unanswered; how do we
effectively incorporat®AS training prograrainto urology residency curricula? How do
we appropriately credential practicing urologists wishing to perform robotic surgery?
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How do we incorporate the most effective education programs in the urology
residency curricula? Most recent Urology residency graduates will not have had an
immersive experience in robotic surgery. Those Urologists who passed their Board or
Fellowship exams 10 years ago have had to acquire the required robotic skills in a very
unstructured transitioning surgical landscape. It may even be appropriate to include
robotic surgical education curricula late in medical school training. This would permit
early recognition of those students with aptitude in surgery to be identified using the

metrics outlined in this manuscript.

Foran objective assessment of robotic skill to be applicable in training,
privileging or accreditation, it is essential to build a ‘validity argument’ supporting its
use. Messick?’s Conceptual Framework is an acceptable way to construct such an
argument, through the assembly of various sources of validity evidence, specifically
content, response process, internal consistency, relationship to other variables, and
conseguencésThis type of framework replaces the now outdated Cronbach Taxonomy
of validity (predictive, concurrent, content and construct validity), by seeing validity as a

dynamie.or fluid concept that must be argued in different assessment environments.

Like any procedural assessment rubric, the tools used to evaluate robotic skill
employ.a combination of global rating scales (GRS) and task-specific checklists to assess
trainee.competencié3 Using trained expert analysts, GRS can be superior in both
accuracy=and reliability across a wide variety of procedure-types when compared to
checklistS. Despite this the validity evidence supporting objective assessments of
technical skill remains insufficient to warrant their use in high-stakes decisions such as
progression.through competency-based trainingredentialing It is vital to create a
validity.argument in support of these approaches when considering their inclusion in

summative’assessments in training and beyyond
While both technical and non-technical skills are essential in the training of future

robotic surgeorigthis article focuses on technical skill assessments only. The objective of

this article is to provide a focused review of the available tools for assessment of robotic
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surgical technical skill currently available to surgeon educators, and to critically appraise
the supporting literatur® determine how best to implement these assessment tools into

residency and fellowship curricula.
2. Methods
Eligibility“eriteria

Articles assessing the robotic surgical skill of urologic trainees (medical students,
residents gfellows) or faculty urologists were included. Studies assessing robotic skills in
other surgical specialties that did not include urology participants were excluded. Studies
primarily assessing non-technical skills were excluded from this review, although the
search was designed to capture these studies for future work. Studies published in peer-
reviewed journals were included in the analysis, and unpublished abstracts were included
only if it'was determined that they contained data contributing to the validity of the
assessment being studied. Randomized control trials and observational studies, including
cohortpeasecontrol, case series and cross-sectional studies, weslggdlle for

inclusion.
Information sources

One‘author conducted a seanti®vid MEDLINE, Embase Classic, PsycINFO
and the Cochrane Library. The search was carried out on Jilpa87.

Search

Medical subject headings (MeSH) terms used in the search included
‘communication’, ‘clinical competence’, ‘curriculum’, ‘education, medical ‘surgical
procedures’, ‘education, medical, gradud ‘educational measurement’, ‘medical errors’,
‘nephrectomy’, ‘patient simulation’, ‘prostatectomy’, ‘robotic’, ‘robotic surgery’, ‘robotic

surgical procedures’, ‘robotics’, ‘skill’, ‘surgery’, ‘non-technical skill’, ‘cognitive skill’,
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‘technical’, ‘technical skill’, ‘urologists’, “urology’. Titles of articles resulting from the
search and corresponding abstracts were reviewed initially and articles eligible for full-
text review were identified. These articles were then analyzed further to ensure that no
articles referenced therein were missed for inclusion in the full-text review. Duplicates

were identified and removed.

Study selection

Any study in the medical or surgical literature that assessed the robotic surgical
skill of wralegic trainees or faculty, involving original research and described in English,
were ineluded. Opinion letters, editorials, case reports, reviews, and letters to the editor
were excluded. References used in previous review articles were assessed and those that
met the_inclusion criteria were incorporated in the analysis. Articles that looked at
outcomes only were also excluded. Two authors considered the articles for inclusion

independently, and any disagreements were resolved by consensus.
Data callection process

Data were abstracted from the included studies systematically, including sample
size, participants, assessment used, study setting, rater information, and assessment
designandiimplementation relevant to various sources of validity evidence.
Quality assessment

The Medical Education Research Study Quality Instrument (MERSQI) was used
to assess.the quality of the included arti€leBhe MERSQI scores quality over eight
domainsirstudy design, institutions sampled, response rate, type of data, validity evidence
for evaluation of instrument scores, sophistication of data analysis, appropriateness of

data analysis, and assessment outcome.

Validity Evidence
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We usedMessick’s validity frameworR to structure the evidence supporting the
application of these assessment tools in robotic surgery. These sources of test validity
include content, response process, internal structure, relationships to other variables, and
consequences of testing. Use of this framework allowed us to put forward our own,
evidence-guided recommendations on how best to implement these assessments into

formal‘training curricula.

3. Results

Ourrinitial search yielded 566 articles. After two independent authors reviewed
tittes and abstracts, 282 articles were selected for full review to determine inclusion
status. Following full text review and cross-checking of article references, 85 studies
were included in the final analysis (Figui¢-The included articles are displayed in
Appendix=13 subdivided into assessments of technical skill and computer-based virtual

reality (VR)‘assessments.

3.1 Technical Skill Assessments

Table-1.1 summarizes the validity evidence supporting the seven non-time-based
technicalskill assessment tools used in urological robotic surgery. The Global Evaluative
Assessment of Robotic Skills (GEARS) tool, developed by Goh et al, has been applied to
urological assessments on multiple occagibits, and has the strongest validity
argument supporting its use in the assessment of robotidtskgeneric framework has
allowed.it. to.become a widely accepted method of assessment across multiple procedures
and even.across specialtie® ! Notably, evidence supports its ability to discriminate
amongstsstaff surgeons of differing case voltfines well as across a single surgeons
learning eurv&’. The vast majority of literature using the GEARS score has found it to be
a reliable assessment metfibtf*2>2"%32However, a study of robotic renal hilar
dissection using oriented expert raters showing poor internal consiStemzy Hung and

colleagues found that while trainee self-assessments and faculty evaluations correlated
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weakly, inter-faculty reliability was better when assessing residents (ICC=0.77) and
fellows (ICC=0.453". As shown in Table-1.1, it is the only technical skill assessment tool
that has supporting consequences evidence, having been used to both predict clinical
outcomes in_a retrospective case-control study, and impact residency match-rankings
when applied to a cohort of medical students. The Global Operative Assessment of
Laparoscopic Skills (GOALS)**3°  a laparoscopic-specific GRS that served as the
underlying'model for the GEARS, was also used in robotic skills assessment by Hung et
al**, with"the' addition of two robotic-specific domains, instrument awareness and
precision and camera awareness and precision. Their randomized control trial
demonstrated that baseline performance on a virtual reality simulation scenario correlated
with performance on a porcine model. Tunitsky &t @monstrated GOALS ability to
discriminate \between procedural expert surgeons and robotic expert surgeons performing
a simulated robotic ureteral anastomosis, providing evidence that this GRS may be able
to adequately evaluate procedural-specific constructs. The Objective Structured
Assessment'of Technical Skill (OSATS) tddf***! originally developed at the

University of Toronto for a ‘benchstation” examination of basic surgical skills42, has

been‘used to assess robotic technical skill, with multiple studies providing various types
of validity evidence, across simulation, laboratory, and clinical environments. Siddiqui
and colleaguésadded robotic-specific metrics to the OSAT®I, using 5 drytab “drills’

to assess robotic skill across 4 domains, terming their modification ‘R-OSATS’. They
demonstrated its relationship to other variables by comparing scores to training level and
consolewexperience. Their tool also exhibited excellent iaterseliability (Cronbach’s
a=0.91). A RARP-specific assessment tool, the Robotic Anastomosis Competency
Evaluation (RACEY**was developed by Raza et al, and uses global ratings across 5
domains.to.assess specific skills needed to complete the vesicourethral anastomosis step
of the RARP. While their tool could discriminate between trainees of different

experience, the reliability of their tool was only moderate 0.62). The RARP

AssesSment Scotbwas developed by an international group using the Healthcare Failure
Mode Effect Analysis (HFMEA). The HFMERis a method of human risk analysis,

which allowed the authors to identify high-risk steps of the procedure to include in their

assessment of trainees taking part in a European robotics fellowship. However, the small
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numbers of participants in their study makes interpretation of their data difficult at this

stage. The Prostatectomy Assessment Competency Evaluation (PACE) is the product of a

Delphi consensus of international urologic oncolodistske the RARP Assessment

Score, this tool is procedure specific. Each step of the procedure is rated using a 5-point

Likert scale, with agreed upon anchor points for scores of 1, 3 and 5. Finally, the

Assessment of Robotic Console Skills (ARCS) was developed in collaboration with

Intuitive"Surgical as a global rating scale to more-specifically assess console skills,

including"eptimization of field of view and workspace, and basic energy pedat’skills

Their initial yalidation study demonstrated the ARCS ability to discriminate between

staff surgeons of less than 100 versus greater than 100 completed robotic-assisted cases.
Im"addition to these GRS assessments, studies used weighted combinations of time

and errof® *%(similar to the Fundamentals of Laparoscopic Surgery¥lagd ‘end-

product’ scores®*®°%%%0 assess technical performance.

3.2 Computer-Based VR Assessment

Jable 1.2 outlines the commercially available simulation platforms and scoring
metrics*for robotic surgery with literature supporting their use in training urologists. The
field of robotic simulation is well established, with multiple developers offering
platforms to the public, each with its own unique features, strengths and weakhesses

Intuitive Surgical (Sunnyvale, CA), designer of the daVinci System, is
responsible’for the daVinci Surgical Simulator (d\V/8&)?0:22:29.3437.53.64-81 Thjg
robotic simulator fits directly onto the surgeon console, allowing the trainee to sit at the
same controls he or she would be using in the operating room. It has the disadvantage of
not being.available if the console is being used in the operating room, as it cannot be used
independently of the cons8feThe dVSS is the result of collaboration. The software
used bysthe dVSS was developed initially in conjunction with the Mimic group, and so
many similarities are found between these platforms in terms of metrics assessed and the
user interface (UI). In 2009, Lerner and collea§tissowed that a cohort trained on the
dV-Trainer® performed similarly to those trained on the dVSS, and they achieved similar

results on dry-lab tasks. This outcome may reflect the similarities in their software design
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and Ul. Additionally, the selection and creation of the tasks used by the dVSS was made
in conjunction with the Simbionix group. In a study by Amirian &% ghe Simbionix

suturing module (SSM), running on the dVSS training software, was able to demonstrate
improvement from baseline in a group of robotic novices. Lee et al developed a four-
week training curriculum, the Basic Skills Training Curriculum (BSfGyhich

employed the dVSS system to compare a time-based method of assessment with a
competency/proficiency-based method in surgeons of various training levels at the
University"of Toronto. Hung and colleagli®ssed visual analogue scales (VAS) to
establish the functional task alignment of the dVSS, and their study showed again that
this simulation platform can distinguish between experts and novices. In a subsequent
study, this group demonstrated that assessments with the dVSS have clinical
consequencé$ by correlating baseline trainee skill with ex vivo tissue performance after
the completion of a dVSS dry-lab curriculum.

Another popular robot-specific platform is the dV-Trainer® developed by Mimic
(SeattlepWAY* 7383859 nitial validation studie€®** provided evidence that the
simulator'was able discriminate between expert and novice robotic surgeons. In a 2012
study;"kee and colleaguésiemonstrated that dV-Trainer® performance correlates with
actual.daVinci console performance at dry-lab tasks. New initiatives from Mimic include
the Xperience Team Trainer, which includes an assistant laparoscopic simulator that
integrates a communication elemeribithe simulation experienca.

Simbionix (Israel) has developed multiple procedural simulators across different
specialtiesyincluding the RobotiX Mentor Platform®. Like the dV-Trainer®, it too is a
stand-alone platform arghnincorporate a laparoscopic assistant simulator. Validity
evidence for.its use comes from a study from Whittaker and coll€3gmeshich they
were able to demonstrate significant score differences between novices and experts, using
two simulated modules and employing domains of assessment from the Foundations of
Robotic.Surgery curriculum (FRS). Simbionix-developed software that allows trainees to
complete virtual reality steps of the radical prostatectomy have been recently integrated
into both the RobotiX and dVSS platforms.

The Robotic Surgery Simulator (RoS$§” made by Simulated Surgical Systems

(San Jose, CA), is another simulator, and unlike the dVSS, it is a standalone platform.
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While it is not identical to the daVinci console used by the dVSS, it is modeled after it,
and subsequently has similar task aligniffeittwas developed with the Roswell Park
group in Buffalo, NY, and this group has demonstrated that the RoSS has the ability to
predict performance on another simul&toas well as intraoperative abifity Finally, the
RoSS simulator has now integrated the RSA-score assessméhtdeatloped through

the FSRS group as described above, further adding to its applicability to robotic
curricula:

Thefinal platform designed specifically for robotic surgery simulation is the Sim
surgery Education Platform (SEP) Robot Simulator (Oslo, Norway). This is a less utilized
platform, and the evidence for it has been mi%&tf2. Studies have been able to show
that novices performed consistently poorer when compared with a cohort of experts on
the SEP platform.

A unique example of laparoscopic simulator technology being applied to robotic
surgery.is the ProMIS systéfii'®: a platform that measures efficiency of task
completignisuch as total distance of instrument arm movements and smoothness of
motion % ‘A‘urology-specific example of its use in robotics comes from a study by
Jonsson.et d* who’s group showed that the ProMIS simulator was able to discriminate
betweennovices and experts at a dry-lab vesicourethral anastomosis model. This article
further added to its validity evidence by comparing the smoothness of motion metric
between groups, to the more conventional measurement of time to task completion.

Keyudifferences exist between these simulators. A unique and important property
of computer-base¥dR simulators is the ability to automatically track instrument
movements. The dV-Trainer® and SEP simulators measure the force with which the
instruments are used, as well as instrument collisions, an important issue with robotic
surgery.where haptic feedback does not exist. The d4f&Sins the ‘system settings’
and ‘wrist.manipulation” measurements, performance domains specificRAS.

Interesting assessments incorporated into the SEP platform are tightening and winding
stretch."These measure the amount of tension used in knot tying, an important and
advanced robotic skill. Finally, the Mscore assessment rubric developed by Mimic and
incorporated into the dV-Trainer (older versions of Mscore also found on the dVSS)

allow surgeon mentors and educators the ability to individualize training curricula with

This article is protected by copyright. All rights reserved



11

development of customized tasks and modular learning activities and deliberate practice

sessions based on trainee needs.

3.3 Novel Assessment Methodologies

Novel methods of assessing robotic surgical skill have been introduced in the
recentliterature. We describe four such innovations here, and they are summarized in
Table-2.

Crowdsoureing

An exciting but controversial area of assessment being established in robotic
technical skill assessment is ‘crowdsourcing’*°®. This method uses members of the
public, medically trained or not, to make judgments on surgical skill and technique.
Consistently, studies have shown that these groups of people, often referred to as
‘turkers’ythave not only excellent internal consistency, but also have ratings correlative to
those of expert surgedfis C-SATS®, an online platform that utilizes this method, has
been‘used in multiple surgical fields, including laparoscopy and robotics. Recently,
effortssfrom the Michigan Urological Surgery Improvement Collaborative (MUSIC) have
applied this method of assessment to robotic radical prostaté@t@mgwing that
crowdsourcing is applicable to assessment of this procedure using GEARS. However, it
was notedthat the ‘crowd’ wasless willing to rate participants as either very poor or very
good perfermers, which was not the case for expert raters. This phenomenon may
guestion the use of this method in summative or high-stakes assessments, where
distinguishing between high and low performers is imperative. Additionally, there is a
considerable cultural barrier to overcome in this case, as experienced surgeons may doubt
the ability.of non-medically trained crowd workers to potentially judge whether surgeons
are competent at performing advanced surgical procedures. Certainly, there will be more
investigation into this assessment modality, including whether crowd-derived judgments

can reliably predict not only expert opinion but also patient outcomes.

Machine Learning

This article is protected by copyright. All rights reserved



12

A study by Kumar et 81" used a form of artificial intelligence (Al), Support
Vector Machines (SVM), to assess the robotic workspace adjustment and camera
manipulation of trainees performing a variety of tasks on the robotic console. They found
that their algorithm had a classification accuracy of over 95% for workspace adjustment,
and over.88% for camera manipulation. Despite some study limitations, the use of Al in
skill assessments is a rapidly growing and promising field of research.

Motion/Contact Vibrations

Many groups across all surgical platforms are looking for methods of assessment
that use purely objective psychometrics to eliminate the inherent bias of human judges. In
our reviewgGomez and colleagifélsad some success using contact vibration as a
surrogate for robotic skill in a series of dry-lab tasks. Their study demonstrated that lower
vibration and force-derived metrics were recorded in their cohort of experienced robotic
surgeons as compared to novices. This novel evaluation method showed good construct
validitysine20 out of 15 metric-task correlations, demonstrating that this purely objective
method*has utility in formative skill assessments. However, this and similar
unidimensional psychomotor assessments may not reflect the full competence, or lack
thereofyand must demonstrate correlation with patient outcomes before they are accepted

on the main stage of surgical assessment.

ArmrestiLoad

Tworstudies from Yang et &4t°®quantified armrest load and surgeon
ergonaomics as methods of both assessment and educational intervention in robotic
surgery training. They found they could distinguish between surgeons with different
robotic.experience in a simudatenvironment, as well as shorten the simulation-based
learning.curve of novice trainees by building in a real-time feedback mechanism that
alerts thettrainee about excessive weight applied to the console armrest. This metric has
potentiakas a means of both improving trainee acquisition of technical competency and

complementing assessments of surgeon skill in training curricula.

3.4 Literature Quality Assessment
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The mean MERSQI score for all included articles was 12.8, which falls short of
the 14/18 mark that indicates ‘high quality’. Articles found to have a score of 14 or
higher are detailed in Table-3.

4. Discussion

This‘review has highlighted the various assessment methods that exist in
evaluating technical skill when performing robotic surgery in urology. This area of
research isstill actively evolving, and while this article has summarized the methods used
to date;"we‘expect that applications and diversity of these instruments will continue to
expand andidevelop as the paradigm of competency-based training becomes the standard.

We have outlined the various efforts made in assessing technical skill in urologic
robotic.surgery, and while the literature is diverse, we have shown some homogeneity in
the underlying principles of assessment being employed. As in most studies assessing
technical skill, global rating scales continue to be more popular than task-specific
checklists, due to their broader applicability and ease 8f use

Although many of these assessment tools can be applied across all types of
robotic surgery, urology will likely lead the movement toward the use of these
assessmentsa surgeon accreditation, as opposed to its current place in the formative
setting.only. Educators and licensing stakeholders will pay attention in urology
especially;as the role of surgeon performance in patient safety and outcomes continues to
be invéstigated in this spdteThis emerging evidence will likely lead to the
incorporation of assessments of technical and non-technical skill into licensing practices
at a local.or.national lev8. As of now, the accreditation process remains under the sole
control.of the hospitafsand there is no established use of summative technical skill
assessments in robotic surgery for the purposes of credentialing.

There are specific limitations of this review and the included research presented.
A major issue that is prevalent throughout the robotic assessment literature is the
comparison of novice and expert surgeons as a source of validity evidence. In order to

frame an assessment in a specific context, i.e. low-stakes vs. high-stakes, it is crucial that
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the assessment construct be clearly defined. Making decisions of competency within a
training program requires the chosen assessment to distinguish between trainees who
have met a predefined set of criteria from those that require further remediation. In
contrast, an assessment designed for credentialing robotic surgeons after training must be
able to distinguish between those who will have satisfactory patient safety and clinical
outcomes and those that do not. Unfortunately, much of the literature choses to compare
groups at'the extremes of skill to allow for highly statistically significant differences in
‘scores™between cohorts. Secondly, it is important to note that the internal structure and
response process validity for simulators is often hard to quantify. Although computer-
generatedrand algorithm-based scoring metrics are assumed to be accurate and reliable, it
is still essential that manufacturers and academics strive to provide this validity evidence
asrobustly as possible, by clearly describing how their scoring components are tabulated
and weighted, and any quality control process that are undertaken in the development of
scoring.algorithms.

Impartantly, most studies in this review contribute at least one source of validity
evidence for their described assessment tool, as shown in Table-1. However, gaps in the
supporting evidence are present in the majority of these studies, and emphasis should be
placed-moving forward on addressing this. Despite all studies contributing one or more
source of validity evidence for a given assessment, many various data elements that make
up each of Messick’s five domains of validity were vastly underrepresented.110 Of note,
internalsstructure and response process evidence was fairly homogenous in nature across
the included literature. While interrater reliability statistics were more commonly
reported, other important internal structure data such as internal consistency (reliability
across,the domains of the assessment tool) and test-retest reliability (reliability across
different sittings or versions of the assessment) were rarely included or described in these
studies. Additionally, crucial components of response process evidence such as rater data
analysiss(nderstanding rater disagreements or inconsistencies) and effects of rater
training(cemparison of scores between trained and untrained raters) were also not
addressed by most of these studies. Typically, response process evidence in these studies
consisted only of descriptions of rater training, and the use of video capture to ensure

quality control of testing dat&hese gaps in evidence may reflect the investigator’s use
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of outdated taxonomies of validity when designing these studies, including decisions
around the type of data to calculate and report in their manuscript.

4.1 Recommendations

Wsifig' Messick’s Conceptual Framework of Validity®, we have systematically
gathered and quantified the validity evidence supporting technical and computer-based
VR assessments of robotic surgical skill, to provide evidence-based recommendations on
how besteimplement these assessment tools in postgraduate training and, in future,
credentialing practices.

It is clear from our review that assessments of technical skill using the GEARS
metric are strongly supported with robust validity evidence in a wide range of settings,
from ranking medical students in the residency match to distinguishing ‘high’ and ‘low’
performances of a single, high-volume surgeon. It provides reliable ratings of trainee or
faculty performance in real-time assessments in the lab or operating room, or when used
in videe-based evaluation by expert raters or laypeople through crowdsourcing. However,
it is important to note that while many studies report a high to very-high interrater
reliability, this is not true of all the included literature. We must stress to educators the
importance of training faculty in the use of these assessment rubrics, and early
identification of raters who are outliers in their scoring of trainee technical skill. Another
option fartechnical skill evaluation is the OSATS tool, long seen as a gold-standard
amongst GRS assessments. This scale has been used in multiple settings in the literature,
and has an excellent evidence-base when applied in all testing environments, including
dry lab, simulation/VR, and the operating room. Its broadly applicable domains allow it
to be used.and easily compared with assessments in open and laparoscopic surgery,
making.it/an attractive option for evaluating technical competency across multiple
surgicalplatforms.

It is difficult to provide a single recommendation on computer-b¥sed
assessment, but the validity evidence for both the dVSS and the dV-Trainer systems in

low-stakes assessments is strong. Both platforms have been shown to distinguish between
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trainees and surgeons of differing skill levels, and both have demonstrated response
process validity through test-retest methodology and correlation of computer-generated
scores with human ratings. Like the GEARS score, these platforms can be used in the
training andassessemenf participants with a range of robotic surgery experience, but
most of the, literature supports use in postgraduate education rather than in high-stakes
assessments, such as credentialing, as evidence of their ability to predict clinical

outcomes‘is'currently lacking.

5. Conclusion

As the competency-based education model of surgical training continues to
become mote universaf'®3, it is imperative that educators understand not only the
milestones set forth by their governing bodies, but also the methods in which these
milestones are defined. We have provided a summary of the current literature describing
technicalsskill assessments in urological robotic surgery, and provide evidence-based
recommendations of how one may implement these into a competency-based curriculum.
Competency in surgical skill must be defined by content experts, through objective
meansyand the validity evidence of the assessment tools discussed here sbould giv
educational stake-holders confidence in making judgments on their teaisiy.

Despite. this, the question of how to best create summative assessnserggaf skill
remains*unanswered. As demonstrated in this review, there are efforts on multiple fronts,

from thessimulation lab to the operating room.
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Table-1.1 Validity evidence for assessments of technical skill

Number of  Number of Number of
Studies, Participants,  Studies, Relationship
Assessment I nstrument ) ) _ . Response Internal Consequences
Method Description DomainsAssessed  Primary Primary Secondary  Content Process  SUUGLUTE to cha * of Testing
Assessment  Assessment Assessment Variables
Method Method Method
GEARS Robatic- Depth perception 18 569 2 17 11 11 12 1. Scores used
specific. GRS; Bimanual dexterity IRR: 0.38-0.92 to determine
expansion of Efficiency (M=0.80) ranking
GOALS with  Force 2. GEARS
expert Sensitivity score predicts
consensus Autonomy surgical
Robotic control outcome
OSATS GRS; Respect for Tissue 7 345 1 9 4 3 8 0
developed Time and Motion IRR: 0.84-0.91
initially=for Instrument (M=0.87)
assessing Handling

basic.surgical
skillszin
OSCE

examination

Knowledge of
Instruments

Flow of Procedure
Use of Assistants
Knowledge of

Procedure
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Number of  Number of Number of
Studies, Participants, Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
— DomainsAssessed  Primary Primary Secondary  Content . . to Other o
Method Description Process  Structure ) . of Testing
Assessment  Assessment Assessment Variables
Method Method Method
GOALS GRS; Depth perception 3 72 1 4 3 2 3 0
developed to Bimanual dexterity IRR: 0.66-0.80
assess Efficiency
laparesecopic Tissue Handling
skill Autonomy
R-OSATS GRS;four Depth Perception 1 105 0 1 1 1 1 0
dry-lab Force Sensitivity IRR: 0.79
exercise- Dexterity
specific.scale Efficiency
that combines
elements of
GOALS=and
OSATS
PACE Procedure-  Anchored Likert 1 56 0 1 1 1 1 0
Specific GRS Scale Across 7 IRR: 0.4-0.8
for RARP. Operative Steps
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Number of  Number of Number of
Studies, Participants, Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
— DomainsAssessed  Primary Primary Secondary  Content . . to Other o
Method Description Process  Structure ) . of Testing
Assessment  Assessment Assessment Variables
Method Method Method
ARCS Robotic- Dexterity 1 15 0 1 1 1 1 0
specific. GRS Optimizing Field of IRR: 0.52-0.81
developed by View
Intuitive Instrument
Surgical Visualization
technician- Optimizing
trainers Workspace
Force Sensitivity
and Control
Basic Energy Pedal
Skills
RACE TaskSpecific Needle Positioning 2 40 0 2 1 1 1 0
GRS Needle Entry IRR: 0.55-0.62

developed to
evaluate

urethrovesica
| anastomosis

performance

Needle Driving &
Tissue Trauma
Suture Placement
Tissue
Approximation

Knot Tying
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Number of  Number of Number of
Studies, Participants, Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
— DomainsAssessed  Primary Primary Secondary  Content . . to Other o
Method Description Process  Structure ) . of Testing
Assessment  Assessment Assessment Variables
Method Method Method
RARP Prostatectom Operative steps 1 15 0 1 1 1 1 0
Assessment y-Specifie broken down into Kappa range -
Score Assessment  sub-steps with 0.241-0.2
based.on hazard categories Significant
HFMEA assigned for agreement on
analysis modular 2/27 steps
introduction to
RARP
"based on Messick’s-Framework of Validity
Table 1.2 Validity evidence for computer-based virtual reality assessments
Number of ~ Number of Number of
Studies, Participants,  Studies, Relationship
Assessment  Instrument ) ) ] . Response Internal Consequences
- DomainsAssessed  Primary Primary Secondary Content . . to Other .
Method Description Process Structure ] . of Testing
Assessment  Assessment Assessment Variables
Method Method Method
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Number of  Number of Number of
Studies, Participants,  Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
Method D&FiBtion DomainsAssessed  Primary Primary Secondary Content Process’ Structure’ to cha * of Teting'
Assessment  Assessment Assessment Variables
Method Method Method
dV-Trainer/ Computer- Time 12 525 1 12 2 0 8 0
MdVvT Generated  Economy of Motion
metrics Drops
developed Instrument
by Mimic Collisions
Simulation  Excessive
Instrument Force
Instruments Out of
View
Master Workspace
Range
dvss Computer- Cameratargeting 23 697 3 26 12 0 21 1. dVSS
Generated  Energy switching scores predict
metrics Threading rings GEARS score
developed Dots and Needles in OR
by Intuitive  Ring and rail 2.dVSS
Surgical scores predict
performance
on dry-lab
tasks using
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Number of ~ Number of Number of
Studies, Participants,  Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
Method D&FiBtion DomainsAssessed  Primary Primary Secondary Content Process’ Structure’ to cha * of Teting'
Assessment  Assessment Assessment Variables
Method Method Method
robotic
console
RoSS Computer-  Task Time 2 57 0 2 0 1 1 0
(RSA-Score) Generated  Safety in Operative Internal
metrics Field Domain
developed Economy Consistency
by the Bimanual Dexterity 0.01-0.98
University of Critical Errors
Buffalo'and
the Roswell
Cancer
Institute

This article is protected by copyright. All rights reserved



Number of Number of Number of

Studies, Participants,  Studies, Relationship
Assessment  Instrument ) ] ] . Response Internal Consequences
Method D&FiBtion DomainsAssessed  Primary Primary Secondary Content Process’ Structure’ to cha * of Teting'
Assessment  Assessment Assessment Variables
Method Method Method
SEP Simulator 2 63 0 2 0 1 1 0
developed in IRR: 0.73
the
Netherlands
RobotiX Computer- Fundamentals of 1 46 0 1 0 0 1 0
Generated  Robotic Surgery
metrics and Robotic
developed  Suturing Modules
by
Simbionix
Products
ProMIS Adapted Peg Transfer 3 73 0 3 0 0 3 0
from Precision Cut

Laparoscopi Intracorporeal Knot
¢ Training

System from

Haptica

(Ireland)

"based on Messick’s Framework of Validity
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Table-2 Novel methods of assessing robotic skill

Assessment: o . Levelsof Setting of
Description of Innovation Advantages of Method
M ethod Training Assessment
Crowdsourced Enlists large numbers of people via an interne Medical Dry-Lab Rapid, high volume assessments of vide
Assessments platform to complete assessments of technica Students Simulation High interrater reliability statistics
skill Residents Wet-Lab
Fellows Operating
Staff Room
Machine Learning Automated analysis of master workspace Residents Dry-Lab Automated analysis of surgeon
adjustment, camera manipulation, unsafe mot Fellows psychometrics
and collisions Excellent classification accuracy
Potential for real-time, high reliability
assessment of performance
Contact Vibrations Use of contact vibrations, applied force, and  Staff Dry-Lab Improvement classification accuracy of a
time to completion as measures of clinical skil global rating scale assessment of techni
skill
ArmrestLoad Use of a pressure surveillance system to dete Medical Simulation Use of pressure-alarm in training can
armrest load on the robotic console Students improve ergonomic positioning in novice
surgeons

Potential for shortening of learning curve

in novice trainees
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Table-3 Description of high quality evidence (MERSQI > 14). Arranged in ascending order of MERSQI score

_ Setting, Type of M easur ement _
Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool
Vlaovic et al. 101 T Dry, TS 5-day laparoscopic training program. OSATS Post-course robotic performance 14
(2008) Includes 2-3 hrs of lectures, daily practic was significantly improved
on pelvic trainers and VR simulators, ani (p <0.001)

training on porcine models and human
cadavers. Assessed ring transfer, suture

threading, cutting, and suturing by exper

examiner
Davis et al. 3R OR, TS Standardized method of evaluating Time, quality of Time to completion was longer 14
(2010) 4F performance in robot-assisted radical results relative  for trainee’s vs staff (p < 0.001),

prostatectomy using time, autonomy sca to staff, short basic vs advanced tissue
and end-product assessment by expert term patient dissection and suturing. No
surgeons outcomes increase in adverse short-term

outcomes was observed
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Study Trainees Setting, Type of Assessment summary Measurement Conclusion MERSQI
Assessment Tool
Kumar et al. 6 novice Dry, TS Support Vector Machines (SVM) to Support Vector Model correctly classified 91.7% 14
(2012) 2 expert classify expert-novice operational skills. Machines for master workspace and 88.29
Assessed master workspace adjustment (SVM) for camera manipulation
camera manipulation skills, unsafe motic
and collisions by computer for
manipulation, suturing, transection, and
dissection
Foell et al. 29 R VR/Dry, TS Participants included urology, obstetrics dVSS metrics, Performance on dVSS modules 14
(2013) 16 F and gynecology, and thoracic surgery. time/number of had moderate-strong correlatior
8S Assessed Camera Targeting 1, Peg Boa errors with time/error assessment on

1, Match Board 1, Thread the Rings,
Suture Sponge 1, Ring Walk 2, and Peg
Board 2 by dVSS, and compared to dry-

lab performance on robotic console
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robotic console in dry-lab setting



Setting, Type of M easur ement

Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool
Yamany et al. 13 R Dry, TS Effect of 24-hr call on suturing dVSS metrics  Time to completion, needle 14
(2015) performance of residents with or without loading, and knot tying were
prior robotic simulator experience. significantly increased postcall
Participants included urology and generz (p < 0.05). Prior simulator
surgery. Assessed time to completion of experience did not have
exercise, needle loading, knot tying by significant benefits in postcall
dvss performance (p < 0.05)
Whitehurst et alF==7'R dv- Compared robotic performance between dV-Trainer Training modalities did not differ 14
(2015) 8'F Trainer/Dry/Wet training in a VR or dry lab setting. metrics, significantly: 2.83 £ 0.66 for VR
5S (swine), TS Participants included gynecology, GEARS cohort, 2.96 = 0.77 for dry
urogynecology, gynecologic oncology, cohort, p = 0.690

reproductive endocrinology, and urology
Assessed cystotomy closure on swine

model by blinded expert surgeons
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Setting, Type of M easur ement

Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool

McVey et al. 11 R Box-Trainer, TS Effect of baseline laparoscopic skillon  Time, number  Baseline laparoscopic 14

(2016) 21.F robotic skill before and after robotic of errors intracorporeal suturing and knot
surgery basic skills training course. tying (ISKT) performance
Participants included urology, gynecolog strongly correlated with robotic
thoracic surgery, and general surgery. performance (p = 0.01 for peg
Assessed by two blinded content expert: transfer, p < 0.01 for ISKT).
using Likert scale global rating score IRR=0.9

Chowriappa et al==15 novice VR, TS Assessed fourth arm control, coordinater RSA-Score Expert cohort performed 145

(2013) 12 expert tool control, ball placement, and needle significantly across all tasks:
handling and exchange by RoSS simula p = 0.002 for fourth arm control,

p < 0.001 for coordinated tool
control, p < 0.001 for ball
placement, p < 0.001 for needle

handling and exchange
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. Setting, Type of M easur ement .
Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool
Hung et al. 15 novice AR/NVR, TS Developed simulation platform for robotic dV-Trainer Simulation platform 145
(2015) 13.intermediate partial nephrectomy. Includes augmente metrics, demonstrated strong face,
14 expert reality content and virtual reality GEARS content, and construct validity.
renorrhaphy. Assessed by blinded exper Virtual reality renorrhaphy
reviewer performance correlated
significantly with porcine model
(r=0.8, p<0.0001)
Schommer et al#=34 R dV-Trainer, TS  Compared access to robotic technology dV-Trainer Robotic performance was 14.5

(2017)

robotic skill between residents attending metrics
training course in 2012 and 2015.

Assessed Camera Targeting 2, Energy
Dissection 1, Needle Targeting, and Pec

Board 1 bydV-Trainer
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significantly better in the 2015
cohort than 2012 (p < 0.001).
Access to robot console
correlated with better scores in
Camera Targeting 2 (p = 0.02)
and Peg Board (p = 0.04)



. Setting, Type of M easur ement .
Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool
Raison et al. 102 R dV-Trainer, TS  Set benchmark scores to achieve dV-Trainer Using a benchmark score of 75¢ 14.5
(2017) 121 S competency in robot skills. Assessed ba metrics of the mean expert score, novic
(Pick and Place, Camera Targeting 1, P« trainees achieved competency i
Board 1) and advanced (Thread the Ring basic but not advanced tasks.
1, Suture Sponge) tasks @y-Trainer Intermediate trainees achieved
competency in basic tasks and
Suture Sponge
Xu et al. 11 Robotic- Xperience Team- Establish initial validity evidence fora  XTT Metrics, Demonstrated that scoreson  14.5
(2016) experienced Trainer (XTT) team-based robotic surgery simulator,  Modified XTT correlate with both robotic

7\ Laparoscopic-
Experienced

9 Control
Stegemann etal. 9MS Box trainer, TS
(2013) 26 R

0F

8S

including bedside assistant involvement. GOALS
Evaluated simulation performance as

assistant and console surgeon using the

XTT

Provide validity evidence, demonstrating Number of
that Fundamental Skills of Robotic errors,
Surgery (FSRS) curriculum completion camera/clutch
improves performance on tasks complet use

with actual daVinci console in simulation

setting
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experience and performance on
the console. The robotic and
laparoscopic experienced
surgeons outperformed controls

in all exercises.

Although no differences betwee 14.5
study arms, control group

showed significant improvement

from baseline on repeat daVinci
console scores when allowed to

crossover into FSRS arm



Setting, Type of M easur ement

Study Trainees Assessment summary Conclusion MERSQI
Assessment Tool
Lendvay et al. 27 R VR/Dry, TS Effect of VR warm-up on robotic Time, cognitive Warm-up cohort performed 15
(2013) 24.S performance in similar and dissimilar and technical significantly better in time
tasks. Participants included general errors, tool path (p = 0.001) and path length
surgery, urology, and gynecology. length, economy (p = 0.014) for similar tasks
Assessed rotating rocking pegboard and of motion (rotating rocking pegboard) and
intracorporeal suturing by computer significantly better in global

technical errors (p = 0.020) for

dissimilar tasks (intracorporeal

suturing)
Tarr et al. 99 R Dry, TS Compared robotic performance before a OSATS Structured cohort performed 15
(2014) after an unstructured or structured roboti significantly better in transectior
training curriculum. Structured curriculun (p < 0.05), while unstructured
included specific instructions and goal cohort performed significantly
times to achieve before proceeding to th better in knot tying (p < 0.05).
next task. Participants included No significant differences were
gynecology and urology. Assessed observed in manipulation and
manipulation, transection, knot tying, ant suturing

suturing by expert examiner

MS — medical studen® — resident, F fellow, S— staff, T — trainee, TS- technical skill, IRR- inter-rater reliability
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