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OBJECTIVE: Robotic urological surgery (RUS) has seen

widespread adoption across institutions in the last

decade. To match this rapid growth, it is imperative to
develop a structured RUS curriculum that addresses

both technical and nontechnical competencies. Emerg-

ing evidence has shown that nontechnical skills form a

critical component of RUS training. The purpose of this

review is to examine the validity evidence of available

nontechnical skills assessment tools in RUS.

METHODS: A literature search of MEDLINE, EMBASE,

and PsycINFO was conducted to identify primary articles

using nontechnical skills assessment tools in RUS.

Messick’s validity framework and the Medical Education

Research Study Quality Instrument were utilized to eval-

uate the quality of the validity evidence of the abstracted
articles.

RESULTS: Of the 566 articles identified, 12 used non-

technical skills assessment tools in RUS. The metrics
used ranged from self-assessment using global rating

scales, to objective measures such as electroencephalog-

raphy. The setting of these evaluations ranged from

immersive and virtual reality-based simulators to live

surgery.

CONCLUSIONS: Limited effort has been made to

develop nontechnical skills assessment tools in RUS.

Recently, there has been a shift from subjective to objec-

tive measures of nontechnical performance, as well

as the development of assessments specific to RUS.

However, the validity evidence supporting these
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nontechnical assessments is limited at this time, includ-

ing their relationship to technical skills, and their impact

on surgical outcomes. ( J Surg Ed 76:193�200. � 2018
Association of Program Directors in Surgery. Published

by Elsevier Inc. All rights reserved.)
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INTRODUCTION

Robotic urological surgery (RUS) has been on the rise in

the past decade, and is being widely adopted as the pre-
ferred approach to various operations including radical

prostatectomy, partial nephrectomy, and pyeloplasty,

among others.1 As the global demand for RUS continues

to increase, there is a growing need for a framework of

RUS training and accreditation.2 In the current compe-

tency-based system, trainees must progress through

both technical and nontechnical milestones to develop

proficiency in RUS. However, the design and implemen-
tation of a structured curriculum incorporating both ele-

ments is still in its infancy. Great attention has been paid

to the development and validation of technical skill

assessment tools, evident by the surge of novel simula-

tors and metrics.3 However, similar efforts in nontechni-

cal domains have lagged behind.

The role of nontechnical skills has previously been

described in multiple surgical disciplines and has been
linked to patient outcomes and overall operative per-

formance.4�6 Several metrics have been developed to

assess nontechnical performance, including Nontechni-

cal Skills for Surgeons (NOTSS), Non-Technical Skills
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(NOTECHS), and Observational Teamwork Assessment

for Surgery (OTAS).5,7,8 These assessment tools encom-

pass three domains: cognitive skills (decision-making,

planning, and situation awareness), personal resource
factors (stress and fatigue), and social skills (communica-

tion, teamwork, and leadership).9 However, the robotic

surgical ecosystem presents unique challenges to sur-

geons, namely the dichotomous roles of the console sur-

geon and bedside assistant, and the lack of tactile

feedback.10 These complexities magnify the extent and

breadth of the surgeon’s cognitive workload and as

such, necessitate a strong command of nontechnical
skills specific to RUS.

The purpose of this systematic review was to survey

the landscape of nontechnical skill assessment tools in

RUS and to critically appraise the supporting validity evi-

dence for these metrics. To adequately evaluate the

validity of these assessment methods, a contemporary

framework was used to structure the evidence

abstracted from the included articles. As a secondary
objective, this review assessed the quality of evidence

presented in the included studies.
METHODS

This systematic review was conducted in accordance

with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses protocol.11

Eligibility Criteria

Articles that assessed nontechnical skills in RUS in train-

ees (medical students, residents, and fellows) and sur-

geons were eligible for inclusion. Nontechnical skills

were defined as qualities outside of technical domains
and include cognitive skills (decision-making, planning,

and situation awareness), personal resource factors

(stress and fatigue), and social skills (communication,

teamwork, and leadership).9 Articles were eligible

regardless of publication status and study type. Editori-

als, opinion letters, case reports, reviews, and letters to

the editor were excluded.

Information Sources

A search was conducted in Ovid MEDLINE, Embase Clas-

sic, PsycINFO, and the Cochrane Library on July 18,

2017.

Search

The search strategy has been previously described in

detail,3 which was designed to capture articles assessing
both technical and nontechnical skill in RUS. Medical

subject headings terms used in the search specific to
194 Journal of S
nontechnical skills included “communication,”

“nontechnical skill,” and “cognitive skill”.

Study Selection

Titles and abstracts generated from the search were

screened independently by two authors for full-text

review. Any disagreements were resolved by consensus.

Articles referenced in the included studies were eligible

for inclusion.

Data Collection

The following data was extracted from the included
articles: sample size, participant type, assessment used,

setting of assessment, domains tested, rater type, and

information relevant to the evaluation of study quality

and validity evidence. Two authors reviewed the

extracted data and any disagreements were thoroughly

discussed.

Data Analysis (Quality of Literature and
Validity Evidence)

The Medical Education Research Study Quality Instru-

ment (MERSQI) was used to evaluate the quality of evi-

dence in the included articles.12 This tool appraises

methodological quality of medical education research

across the following domains: study design, sampling,

type of data, validity of evaluation instrument, data analy-
sis, and outcomes.

Messick’s validity framework13 was used to evaluate

the validity evidence for judgments made using the non-

technical skill assessment tools in the included articles.

The validity evidence was categorized into the following

domains: content, response process, internal structure,

relationships to other variables, and consequences of

testing.
RESULTS

The search terms yielded 566 articles (Fig). Each article

was screened according to the eligibility criteria and all

eligible articles were crosschecked for article references.

A total of 12 articles were selected for full text review,

and are listed in Appendix A. Using Messick’s validity
framework, the evidence supporting nontechnical skill

assessment tools in RUS are summarized in the Table.

NASA Task Load Index

The NASA Task Load Index (NASA-TLX) was originally

developed by Hart and Staveland14 for the aviation indus-

try in 1988, and has since expanded into healthcare and
surgery. This subjective assessment tool consists of six

domains designed to capture an individual’s mental
urgical Education � Volume 76/Number 1 � January/February 2019



FIGURE. Preferred Reporting Items for Systematic Reviews and Meta-Anal-
yses flow chart.
response to a given task, with a higher score represent-

ing higher cognitive workload. These domains include

mental demand, physical demand, temporal demand,

performance, effort, and frustration.

The NASA-TLX presents the strongest validity evi-

dence for the assessment of nontechnical skills in RUS,

and has demonstrated a broad range of applications.
Klein et al. found that cognitive workload was reduced

when performing identical tasks under stereoscopic

vision compared to two-dimensional vision.15 During

the initial validation studies of the Mimic dV-Trainer

(MdVT), Sethi et al. showed that experts had lower

scores than novices in all domains except for temporal

demand.16 The NASA-TLX also demonstrated similar

workload profiles when performing tasks on the MdVT
and live porcine models,17 supporting its use in simula-

tion-based exercises for RUS training. Notably, Sessa

et al. found comparable workload profiles between novi-

ces and experts when using the Xperience Team

Trainer, a bedside assistant training platform to the

MdVT.18 In addition, the NASA-TLX has highlighted the

importance of procedure-based training and mentorship

in RUS curricula, which contributes to marked improve-
ments in levels of cognitive distress, understanding, and

engagement.19,20 Lastly, it is the only assessment tool

with supporting consequences evidence, demonstrating

a strong association between cognitive workload and

inattention blindness in the peripheral visual fields.21
Interpersonal and Cognitive Assessment for
Robotic Surgery

The Interpersonal and Cognitive Assessment for Robotic

Surgery (ICARS) is the first objective nontechnical skill

assessment tool designed specifically for robotic sur-

gery.22 Using a Delphi consensus of expert robotic and

laparoscopic surgeons, ICARS examines 28 nontechnical

components that span 4 domains: checklist and equip-

ment, interpersonal skills, cognitive skills, and resource
skills. In addition, a unique feature of ICARS is the ability

to assess nontechnical performance at both the bedside
Journal of Surgical Education � Volume 76/Number 1 � January/Februa
and surgeon console. This tool has demonstrated a

strong correlation with NOTSS as well as its application

in surgical crisis simulation. Moreover, Raison et al. pro-

vide evidence supporting the ability of ICARS to differen-
tiate amongst novice, intermediate, and expert

performance.22 With the acquisition of additional valid-

ity evidence, including the impact of scores on clinical

outcomes, this instrument could be integrated into both

formative and summative assessments of RUS compe-

tency.

Electroencephalography

Recently, electroencephalography (EEG) has been used

as a real-time, objective measurement of brain activity

during RUS. EEG data is analyzed and categorized into

three main cognitive metrics: cognitive state, cognitive
workload, and high-level engagement/distraction. Guru

et al. found that although different levels of mental facul-

ties are employed depending on the surgical task, higher

mental resource usage generally correlates with

improved subjective performance on the NASA-TLX.23

Using the high-level engagement and cognitive state met-

rics, Guru et al. demonstrated the discriminatory ability

of EEG between beginner, intermediate, and expert
robotic surgeons completing suturing and knot tying

tasks.24 The same parameters could also distinguish

between intermediate and experts when performing

urethrovesical anastomosis. Hussein et al. expanded the

use of EEG to the surgical mentor and found that when

the mentor was not satisfied with the trainee’s perfor-

mance, there was increased EEG activity, suggesting

more mental engagement.25
DISCUSSION

This review highlights the underlying validity evidence

supporting nontechnical skill assessment tools, to facili-

tate their implementation into a structured RUS curricu-

lum. As demonstrated by this review, nontechnical skills

in RUS remain understudied compared to their technical

skill counterparts, despite making up a critical compo-

nent of a surgeon’s performance and therefore clinical

outcomes. It is important to recognize that RUS creates a
unique surgical ecosystem. These studies represent the

initial efforts to transition from subjective to objective

assessments of cognitive metrics and behavior, with the

majority of the validity evidence centered around the

broadly implementable NASA-TLX score. We believe

that this field will likely continue to flourish as robotics

gains more popularity within the surgical community.

Several gaps in the literature have been identified in
this review. Firstly, the bedside assistant and console sur-

geon present their own set of challenges and as such,
ry 2019 195



TABLE. Validity Evidence of Assessments of Nontechnical Skills

Assessment Tool Settings Used Domains Tested No. of Studies Supporting
Validity Evidence

No. of high quality
studies (MERSQI � 14)

NASA-TLX VR-based simulator,
dry lab, animal
model, live surgery

Mental demand, physical
demand, temporal demand,
performance, effort, frustration

Content: 9 1
Response process: 2
Internal structure: 0
Relationship to other variables: 8
Consequence of testing: associated
with inattention blindness in
peripheral vision

Electroencephalography Dry lab, live
surgery

Cognitive engagement, mental
workload, mental state

Content: 3 0
Response process: 0
Internal structure: 0
Relationship to other variables: 3

ICARS Dry lab WHO checklist completion,
console setup, communication
and team skills, leadership,
decision-making, situational
awareness, stress and distractors

Content: 1 0
Response process: 1
Internal structure: 1
Relationship to other variables: 1

NOTSS Dry lab Situational awareness, decision
making, communication and
teamwork, leadership

Content: 0 0
Response process: 0
Internal structure: 0
Relationship to other variables: 1
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require distinct nontechnical skill evaluations.18 ICARS

represents a shift toward this direction, however more

supporting evidence is needed. The feasibility of con-

ducting assessments of both the console and assisting
surgeon during live surgery is also poorly understood at

this time. Secondly, although there is an emerging trend

in the development of procedure-specific assessment

tools for technical skill,26�28 none exist for nontechnical

skill, and this may limit the direct applicability of feed-

back generated by the assessments. Thirdly, a clear link

between cognitive workload and procedural profi-

ciency needs to be established. This will facilitate the
characterization of appropriate benchmarks for achiev-

ing competency at each stage of RUS training. At pres-

ent, most studies compare opposite ends of the

spectrum of robotic experience. Similar to the land-

scape of technical skill assessment tools, the next fron-

tier is to develop scoring algorithms sensitive enough

to identify trainees (of similar case experience and pro-

cedural training) that require remediation. Lastly, the
management of intraoperative complications during

RUS needs to be further explored. Zattoni et al. pro-

vides initial evidence supporting the use of open con-

version simulations during robot-assisted radical

prostatectomy and highlights the importance of non-

technical skills in minimizing errors and adverse out-

comes.29 Such simulation can be expanded into

surgical crises currently being investigated in laparo-
scopic surgery, including renal hilar vessel and inferior

vena cava injuries.30,31

Several groups have proposed curricula that address

both technical and nontechnical skill acquisition in

urology.32�34 Their approaches are divided into early,

intermediate, and advanced phases of training. As more

assessment tools are validated, a similar framework

should be implemented for RUS. This will range from
Journal of Surgical Education � Volume 76/Number 1 � January/Februa
understanding the robotic surgical milieu and syntax in

the early stages to developing leadership as the console

surgeon and managing surgical crises in the advanced

stages. Only through a structured and deliberate
approach to RUS training can we ensure that graduating

trainees have reached a minimum level of competency

that translates to satisfactory surgical outcomes.
CONCLUSIONS

This review has highlighted a pressing need for investi-

gating assessments of nontechnical skills in RUS. Addi-

tional work is needed to better characterize the RUS

training continuum. Nontechnical skill assessment tools

specific to the robotic surgical ecosystem must be devel-

oped and studied across various contexts of surgical

training. The impact of these metrics on patient out-

comes, operating room efficiency, and even healthcare
costs must be evaluated. These tools must also be acces-

sible and universally applicable across RUS training pro-

grams. Nontechnical performance should be assessed in

conjunction with technical ability as a comprehensive

measure of robotic skill acquisition, as they may be inde-

pendent contributors to end outcomes. Future work

must account for both the technical and nontechnical

aspects of trainees and surgeons.
CONFLICT OF INTEREST
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Study Trainees Setting of Assessment Raters Measurement Tool MERSQI

Sethi et al. (2009) 15 novice (MS, R) Simulator Self-rate NASA-TLX 10
5 expert (F, S)

Klein et al. (2009) 15 novice Dry Self-rate NASA-TLX, Multiple
resources questionnaire

9.5

Hughes-Hallett et al.
(2015)

73 S OR (partial nephrectomy) Computer-based Inattention blindness,
cognition, NASA-TLX

14
Self-rate

Guru et al. (2015) 2 novice Dry EEG Cognitive engagement,
mental workload, mental state

11.5
5 intermediate
3 expert

Chowriappa et al.
(2015)

22 R Simulator Self-rate NASA-TLX 13.5
30 F Dry

Guru et al. (2015) 1 expert OR (lysis of adhesions,
extended lymph node dissection,
urethrovesical anastomosis)

EEG Cognitive engagement,
mental workload,
mental state, NASA-TLX

12
Self-rate

Zattoni et al. (2015) 2 S OR simulation
(open conversion)

Expert surgeon Robot movement errors,
space conflict, communication
errors, lack of leadership, lack
of task sequence, loss of sterility,
accidental fall of surgical devices

9.5

Mouraviev et al. (2016) 21 R Simulator Self-rate NASA-TLX 12
Wet (porcine)

Hussein et al. (2016) 20 S OR (extended lymph node dissection,
urethrovesical anastomosis)

EEG NASA-TLX, mental state,
distraction, mental workload

12.5
Self-rate

Lee et al. (2017) 32 T (R, F) Simulator Self-rate NASA-TLX, Multiple resources
questionnaire, Short stress state
questionnaire

12.5
Dry

Raison et al. (2017) 59 novice OR simulation Expert surgeon Interpersonal and cognitive
assessment for robotic surgery,
Nontechnical skills for surgeons

12.5
6 intermediate NTS expert
8 expert

Sessa et al. (2017) 12 novice Simulator Self-rate NASA-TLX 9.5
9 expert

MS, medical student; R, resident; F, fellow; S, staff; T, trainee.
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