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OBJECTIVES: The COVID-19 pandemic has forced a cre-
ative transition to virtual platforms due to physical dis-
tancing and travel restrictions. We designed and tested a
highly scalable virtual training curriculum for novice
raters using the Oxford NOTECHS non-technical skills
rating system.

DESIGN: A three-day training course comprising virtual
didactics, virtually facilitated simulations, and indepen-
dent live observations was implemented. NOTECHS
scores were submitted for eleven standardized video sim-
ulations and four live operations. Intraclass correlation
coefficients (ICCs) were calculated for total NOTECHS
scores and subcomponent scores. Raters previously
trained in-person with the same standardized videos
served as a comparator group for equivalence testing.

SETTING: All study activities were conducted in a large
academic tertiary referral center in Singapore as part of an
ongoing surgical safety initiative.

PARTICIPANTS: Seven staff members underwent train-
ing (three virtually and four in-person). None had prior
surgical experience or non-technical skills assessment
training.

RESULTS: ICCs for total NOTECHS scores were 0.85
95% CI, 0.73-0.98) for virtually trained raters and 0.83
for those trained in-person (95% CI, 0.68-0.99). Scores
were equivalent between groups within a 10% margin.
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401 Park Drive, 3rd Floor West, Boston, MA 02215; e-mail: jetheridge@bwh.
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CONCLUSIONS: Non-technical skills assessment can be
reliably taught in a highly scalable virtual format. Virtual
NOTECHS training is a valuable tool for educational and
quality improvement initiatives during the COVID-19
pandemic and for centers that lack ready access to onsite
non-technical skills training expertise. (J Surg Ed
79:51-55. © 2021 Association of Program Directors in
Surgery. Published by Elsevier Inc. All rights reserved.)

ABBREVIATIONS: ICC, intraclass correlation coefficient
OR operating room

KEY WORDS: Non-Technical Skills, NOTECHS, virtual
Training, clinical competencies, reliability of results

COMPETENCY: Interpersonal and Communication Skills

INTRODUCTION

Non-technical skills development is increasingly recog-
nized as critical to patient saft:ty.'*4 Many quality
improvement initiatives and surgical training curricula
have now embraced non-technical skills education.”
The Accreditation Council for Graduate Medical Educa-
tion includes Interpersonal and Communication Skills as
one of its six Core Competencies for resident education,
and non-technical skills training is specifically identified
as a curriculum resource in the Surgery Milestones Sup-
plemental Guide.”*

Evaluating interventions to improve non-technical
skills requires high-fidelity assessment tools. The most
common behavioral marker system for surgical teams is
the Oxford NOTECHS system.” The NOTECHS rating sys-
tem, which assesses leadership, teamwork, problem
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solving, and situational awareness for each subteam in
the operating room (OR), is well-validated with excellent
inter-rater and testretest reliability.'”'" However,
NOTECHS generally requires expert raters; the majority
of studies relied on attending surgeons.'”

Previous work from our group established the feasibil-
ity of a NOTECHS training program for novice raters, the
need for on-site expert trainers limits scalability.'” The
COVID-19 pandemic has underscored the need for
robust virtual approaches to education, which can also
benefit lower-resourced institutions outside of pandemic
conditions. We therefore developed and tested a virtual
NOTECHS training program for novice raters.

MATERIALS AND METHODS
Setting and participants

The virtual NOTECHS training curriculum was created as
part of a surgical safety initiative in Singapore. Ethical
approval was obtained from the Harvard T.H. Chan
School of Public Health Institutional Review Board and
waived by the SingHealth Centralized Institutional
Review Board. All training activities took place at an aca-
demic tertiary referral center in Singapore. Virtual train-
ing sessions were conducted in January 2021. In-person
training conducted at the same center in May 2019 pro-
vided a comparator group.'” All participants were
female, and none had prior OR experience or non-tech-
nical skills assessment training (Table 1).

Curriculum

Adapting our training program to a virtual format pre-
sented several challenges. The original training program

TABLE 1. Participant Characteristics

Virtual training  In-person

(n=3) training (n = 4)

Female 3 (100%) 4 (100%)
Primary role
Nurse 2 (67 %) 2 (50%)
Research 1(33%) 1(25%)

associate
Speech therapist 0 1(25%)
Years of clinical

experience

None 1 (33%) 1(25%)

1-5 years 0 0

6-10 years 2 (67 %) 2 (50%)

>10 years 0 1(25%)
Prior OR 0 0

experience

OR, operating room

relied on expert facilitators accompanying participants
for live observations. We were concerned that video sim-
ulations alone would not adequately prepare partici-
pants. As with any virtual program, we also worried
about maintaining engagement without a physical pres-
ence. Finally, due to staffing restrictions, we were forced
to compress the program from five days into three.

Our adapted curriculum is shown in Figure 1. Two
experienced facilitators led each virtual session. We first
introduced non-technical skills, NOTECHS categories,
and instructions for scoring OR teams. We cut all extra-
neous background material to prioritize practice time
and added prompts for participants to share their experi-
ences to make the session as interactive as possible.

Simulated observations provided opportunities for
practice and iterative improvement. Video simulations
were drawn from the widely available eNOTSS platform,
which provided a common basis to compare ratings
(http://t:notss.hcrokuapp.com/).1'i Participants began
with four training videos, each representing one
NOTECHS category. Group discussions after each video
focused on behaviors that positively or negatively
impacted NOTECHS scores. Facilitators provided feed-
back on scores and identified additional behaviors not
recognized by participants. Training videos also pro-
vided an opportunity to set the expectation that partici-
pants provide thoughtful scores with specific examples.
A total of eleven formally scored simulations were con-
ducted over the course of two sessions. Scores were
recorded and group debriefings were held after each
video simulation.

Live OR observations were the most challenging to
convert to the virtual format. Previously, facilitators had
escorted participants to the OR, introduced them, and
observed operations together, debriefing immediately
thereafter. We added a brief session during didactics to
practice introductions, and a senior OR nurse guided
participants to appropriate cases. However, there was
no way for a facilitator to accompany participants to the
OR. Participants instead conducted observations as a
group, recording their responses independently. Each
participant also took detailed notes. Because of the time
difference between facilitators and participants, debrief-
ing sessions for live observations could not be held until
the subsequent morning. However, this delay did not
appreciably affect recall, particularly given the quality of
notes taken by participants.

Analysis

Inter-rater reliability was assessed with intraclass correla-
tion coefficients (ICCs) for each pair of raters for all sim-
ulated or live OR encounters. Generalized estimating
equations were used to derive a common point estimate
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Day 1
Virtual Component (~4 hours)

« Introduction to NOTECHS (~0.5 hours)
o Importance of non-technical skills
o NOTECHS categories
o Scoring criteria & example behaviors
« Skill-specific practice videos (~1.5 hour)
o Video 1B (Leadership & Management)
o Video 4A (Teamwork & Cooperation)
o Video 3D (Problem Solving & Decision
Making)
o Video 1D (Situational Awareness)
« Simulated OR observations (~2 hours)
Video 1C (Heller myotomy)*
o Video 1E (Heller myotomy)*
o Video 1F (Heller myotomy)*
o
o

°

Video 4B (Trauma laparotomy)*
Video 4E (Trauma laparotomy)*

Live Component (~4 hours)

« Independent OR observations (~2 hours each)
o Operation #1*
o Operation #2*

*Scores included in analysis for inter-rater reliability

¢ 00 0O

Day 2

Virtual Component (~3 hours)

o Debrief from live OR observations (~0.5 hours)
« Simulated OR observations (~2.5 hours)
o Video 3C (Cholecystectomy)*
Video 3E (Cholecystectomy)*
Video 3F (Cholecystectomy)*
Video 2A (Liver resection)*
Video 2B (Liver resection)*
Video 2E (Liver resection)*

Live Component (~4 hours)

« Independent OR observations (~2 hours each)
o Operation #3*
o Operation #4*

.

Day 3

Virtual Component (~1 hour)

o Debrief from live OR observations (~0.5 hours)
e Concluding remarks (~0.5 hours)

FIGURE 1. Virtual NOTECHS training curriculum.

and confidence interval for NOTECHS scores.'” Equiva-
lence between training methods was assessed using the
90% confidence interval of the mean difference between
scores. A 10% margin of equivalence was set a priori. All
analyses were conducted using SAS v9.4 (SAS Institute
Inc, Cary, NO).

RESULTS

Virtually trained raters achieved excellent inter-rater reli-
ability. The ICC for total NOTECHS ratings was 0.85
95% CI, 0.73—0.98), comparing favorably to that of the
in-person training group (0.83; 95% CI, 0.68—0.99).
Scores for all subcomponents also demonstrated excel-
lent ICCs (Fig. 2). Total and subcomponent ICCs did not
differ significantly between virtual and in-person training
groups. NOTECHS scores were equivalent between
groups (90% CI, -8.2%—5.1%).

CONCLUSIONS

The virtual NOTECHS training curriculum for novice
raters was equivalent to in-person training, yielding
excellent inter-rater reliability. Measuring non-technical
skills with robust rating systems like NOTECHS is crucial
to many educational and quality improvement initiatives.
Given the effects of the COVID-19 pandemic on medical

education and healthcare quality, these initiatives are
more crucial than ever.'®!” However, these same condi-
tions make it difficult to identify and train reliable OR
observers. Travel bans and capacity restrictions make
live training impossible for many centers. Existing virtual
platforms such as eNOTSS are useful, but they require
baseline knowledge and experience in the OR that nov-
ice raters lack. With millions of backlogged surgical
cases, few centers can dedicate experienced surgical
personnel to such resource intensive work.'® The ability
to train novice raters using a virtual format is therefore
critical.

It is tempting to further streamline the curriculum
described here. Groups may consider eliminating the
need for expert facilitators or live OR observations. We
would caution against such steps. Novice raters require
calibration of expectations and perceptions through
debriefing with experienced facilitators to provide reli-
able data. They are prone to misperception of actions in
the OR which were easily corrected in debriefing. In the
absence of prior OR experience, raters were also some-
what apprehensive about working in this environment;
group observations provided an easy transition in addi-
tion to a valuable training experience.

This study was limited by its small sample size and sin-
gle center design. Our participants were highly engaged
and interactive. As the COVID-19 pandemic abates and
virtual interaction becomes less commonplace,
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FIGURE 2. Inferrater reliability for NOTECHS scores.

achieving this level of engagement may become more
difficult. Furthermore, the academic center in which this
curriculum was tested is poorly representative of the
institutions most likely to benefit from virtual NOTECHS
training. Nonetheless, this study provides proof of con-
cept for a highly scalable and effective means of training
novice raters to assess OR team non-technical skills.

DISCLOSURES

This work was supported by Medical Devices and Diag-
nostic Global Services, LLC.

REFERENCES

1. Carthey J, de Leval MR, Reason JT. The human factor
in cardiac surgery: errors and near misses in a high
technology medical domain. Ann Thorac Surg.
2001;72:300-305.

2. Gawande AA, Zinner MJ, Studdert DM, Brennan TA.
Analysis of errors reported by surgeons at three
teaching hospitals. Surgery. 2003;133:614-621.

3. Greenberg CC, Regenbogen SE, Studdert DM, et al.
Patterns of communication breakdowns resulting in
injury to surgical patients. J Am Coll Surg.
2007;204:533-540.

4, Mishra A, Catchpole K, Dale T, McCulloch P. The
influence of non-technical performance on techni-
cal outcome in laparoscopic cholecystectomy. Surg
Endosc. 2008;22:68-73.

5. Yule S, Paterson-Brown S. Surgeons’ non-technical
skills. Surg Clin North Am. 2012;92:37-50.

6. Jones M, Howells N, Mitchell S, Burnand H, Mutimer
J, Longman R. Human-factors training for surgical
trainees. Clin Teach. 2014;11:165-169.

7. Accreditation Council for Graduate Medical Educa-
tion. The ACGME Outcome Project: An Introduc-
tion. Available at: http://www.acgme.org/Portals/0/

54 Journal of Surgical Education ¢ Volume /9 /Number 1 ® January,/February 2022


http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0001
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0001
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0001
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0001
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0002
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0002
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0002
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0003
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0003
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0003
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0003
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0004
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0004
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0004
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0004
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0005
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0005
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0005
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0006
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0006
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0006
http://www.acgme.org/Portals/0/PDFs/SlideDecks/SLIDEDECK-FDMilestones2013.pptx

PDFs/SlideDecks/SLIDEDECK-FDMilestones2013.
pptx. Accessed March 27, 2021.

8. Accreditation Council for Graduate Medical Educa-
tion. Supplemental Guide: Surgery. Available at:
https://www.acgme.org/Portals/0/PDFs/Mile-
stones/SurgerySupplementalGuide.pdf?ver=2019-
07-24-112347-453. Accessed March 27, 2021.

9. Wood TC, Raison N, Haldar S, et al. Training Tools
for Nontechnical Skills for Surgeons-A Systematic
Review. J Surg Educ. 2017;74:548-578.

10. Mishra A, Catchpole K, McCulloch P. The Oxford
NOTECHS System: reliability and validity of a tool
for measuring teamwork behaviour in the operating
theatre. Qual Saf Health Care. 2009;18:104-108.

11. Li N, Marshall D, Sykes M, McCulloch P, Shalhoub J,
Maruthappu M. Systematic review of methods for
quantifying teamwork in the operating theatre. BJS
Open. 2018;2:42-51.

12, Vergis A, Leung C, Roberston R. Rater training in
medical education: A scoping review. Cureus.
2020;12:€11363.

13. Pradarelli JC, George E, Kavanagh ], Sonnay Y,
Khoon TH, Havens JM. Training novice raters to
assess nontechnical skills of operating room teams.
J Surg Educ. 2020;78(2):386-390.

14, Pradarelli JC, Yule S, Smink DS. The eNOTSS Plat-
form for Surgeons’ Nontechnical Skills Performance
Improvement. JAMA Surg. 2020;155:438-439.

15. Gonin R, Lipsitz SR, Fitzmaurice GM, Molenberghs
G. Regression modelling of weighted « by using gen-
eralized estimating equations. J Royal Statistical
Soc. 2000;49:1-18.

16. Aziz H, James T, Remulla D, et al. Effect of COVID-
19 on Surgical Training Across the United States: A
National Survey of General Surgery Residents. J
Surg Educ. 2021;78:431-439.

17. Graham RNJ, Woodhead T. Leadership for continu-
ous improvement in healthcare during the time of
COVID-19. Clin Radiol. 2021;76:67-72.

18. Carr A, Smith JA, Camaradou J, Prieto-Alhambra D.
Growing backlog of planned surgery due to covid-
19. BMJ. 2021;372:n339.

Journal of Surgical Education ¢ Volume /9 /Number 1 ® January,/February 2022 55


http://www.acgme.org/Portals/0/PDFs/SlideDecks/SLIDEDECK-FDMilestones2013.pptx
http://www.acgme.org/Portals/0/PDFs/SlideDecks/SLIDEDECK-FDMilestones2013.pptx
https://www.acgme.org/Portals/0/PDFs/Milestones/SurgerySupplementalGuide.pdf?ver=2019-07-24-112347-453
https://www.acgme.org/Portals/0/PDFs/Milestones/SurgerySupplementalGuide.pdf?ver=2019-07-24-112347-453
https://www.acgme.org/Portals/0/PDFs/Milestones/SurgerySupplementalGuide.pdf?ver=2019-07-24-112347-453
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0009
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0009
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0009
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0010
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0010
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0010
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0010
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0011
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0011
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0011
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0011
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0012
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0012
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0012
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0013
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0013
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0013
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0013
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0014
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0014
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0014
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0014
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0015
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0015
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0015
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0015
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0015
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0016
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0016
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0016
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0016
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0017a
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0017a
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0017a
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0018
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0018
http://refhub.elsevier.com/S1931-7204(21)00228-2/sbref0018

