
ANZ J Surg 79 (2009) 154–160
ª 2009 The Authors

Journal compilation ª 2009 Royal Australasian College of Surgeons

Experience matters: comparing novice and expert ratings of
non-technical skills using the NOTSS system

Steven Yule,* David Rowley,† Rhona Flin,* Nikki Maran,‡ George Youngson,§ John Duncan{ and
Simon Paterson-Brown**
*School of Psychology, University of Aberdeen, and

§Royal Aberdeen Children’s Hospital, Aberdeen, and

†Royal College of Surgeons of Edinburgh, and

Departments of ‡Anaesthesia and

**Surgery, Royal Infirmary, Edinburgh, and

{Department of Surgery, Raigmore Hospital, Inverness, UK

Key words

behaviour rating, non-technical skill, patient safety,

surgical skill, workplace assessment.

Abbreviations

ANTS, Anaesthetists’ Non-Technical Skills; NOTSS,

non-technical skills for surgeons.

Correspondence

Dr Steven Yule, School of Psychology, University of

Aberdeen, Aberdeen AB24 2UB, Scotland, UK.

Email: s.j.yule@abdn.ac.uk

S. YuleMA,MSc, PhD;D. RowleyBMedBio l, MD, FRCS;

R. Flin BSc, PhD; N. Maran MBChB, FRCA;

G. Youngson MBChB, PhD,FRCS;

J. Duncan ChM, FRCEd, FACS;

S. Paterson-Brown MBBS, MS, FRCSEd.

Accepted for publication 6 July 2008.

doi: 10.1111/j.1445-2197.2008.04833.x

Abstract

There is growing evidence that non-technical skills (NTS) are related to surgical

outcomes and patient safety. The aim of this study was to further evaluate a behaviour

rating system (NOTSS: Non-Technical Skills for Surgeons) which can be used for

workplace assessment of the cognitive and social skills which are essential compo-

nents of NTS. A novice group composed of consultant surgeons (n = 44) from five

Scottish hospitals attended one of six experimental sessions and were trained to use the

NOTSS system. They then used NOTSS to rate surgeons’ behaviors in six simulated

scenarios filmed in the operating room. The behaviours demonstrated in each scenario

were compared to expert ratings to determine accuracy. The mode rating from the

novice group (who received a short training session in behaviour assessment) was the

same as the expert group in 50% of ratings. Where there was disagreement, novice

raters tended to provide lower ratings than the experts. Novice raters require signi-

ficant training in this emerging area of competence in order to accurately rate non-

technical skills.

Introduction

The surgical profession is rapidly changing to cope with internal and

external pressures such as the European Working Time Directive,

which restricts the working week to 48 hours; the challenges of

new professional roles such as nurse practitioners, the modernization

of training and education, and new technology.1 Technological devel-

opments and innovations have wide-reaching implications for surgery

which are not necessarily matched by advances in training and sys-

tems analysis. Current professional development expects operating

theatre personnel to gain a range of skills for the intraoperative man-

agement of patients that are increasingly complex, yet under-speci-

fied. The focus of surgical training still heavily favours technical skill

acquisition. Yet surgeons increasingly operate using teams with which

they may be unfamiliar, especially in an emergency setting and use

recent technology with which the team may not yet be accustomed.

This changes the nature of surgery for all operating theatre personnel

and impacts on the behavioural and cognitive demands of their work.

Surgeons have acknowledged that cognitive skills contribute to

skilful surgery but little attention has been paid to the cognitive
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processes that underpin surgical competence.2 Similarly, the litera-

ture on surgical decision making is restricted almost entirely to the

pre-operative phase of surgery3 with little emphasis placed on intra-

operative judgement and decision making which is a critical part of

surgical performance. According to many consultant surgeons,4

teamwork is also highly relevant for a successful surgical career,

and surgeons’ leadership behaviours in the operating theatre have

been shown to be important, especially when new technology is

being adopted.5 Despite this, cognitive and interpersonal skills are

currently only trained and assessed on a rather tacit and discretion-

ary basis and are not part of the surgical curriculum in the UK.

Considerable money is spent on ensuring that technology affords

certain innovative surgical actions, but comparatively little invest-

ment is made on ensuring the whole system operates effectively to

support such action safely for the patient. In such cases, favouring

technical training and assessment may be suitable for highly pro-

cedural and predictable routine surgery, but does not help surgeons

be flexible or adaptive if the system of surgery suddenly becomes

unstable or unfamiliar.

Changes in surgical training and
assessment

Changes to the configuration of surgical training and education are

currently under way in the UK to attempt to streamline development

of competent doctors who are skilled at communicating and working

as effective members of a team. The adoption of this approach

recommends that progress through and completion of surgical train-

ing be based on competence and has moved the emphasis of assess-

ment away from set-piece examinations of knowledge towards

learning and assessment of skills in the workplace. Selection of

trainees into surgical specialties has also been radically altered

and provides an opportunity to formalize the role of non-technical

skills in surgical education and assessment.

The main methods of workplace-based assessment of trainees in

the UK are observational tools, which cover skills such as ability to

work in a multiprofessional team (Mini-PAT: Peer Assessment

Tool) and communication (Mini-CEX: Clinical Evaluation Exer-

cise). However, these tools are for the assessment of perioperative

skills, often using interactions with patients as a basis for assess-

ment. This is to be encouraged, but the skills assessed do not

necessarily relate to those required for working with other profes-

sionals during a surgical procedure, commonly with an anaesthe-

tized patient. The systems that are used to assess trainees’

intraoperative competence such as surgical Direct Observation of

Procedural Skills and Procedure Based Assessment are focused

almost entirely on technical ability and do not cover non-technical

skills or systems aspects of surgery.

The cognitive and social skills, which underpin clinical and tech-

nical proficiency are recognized as requirements for a competent

surgeon4 and rank highly as core competencies within organizations

such as CanMeds, the General Medical Council, and the Royal

Colleges of Surgery in the UK but until recently there were no tools

to reliably assess these skills in the workplace.6

Development of NOTSS

Non-technical skills for surgeons are defined as ‘behavioural aspects

of performance in the operating theatre which underpin medical

expertise, use of equipment and drugs’.7 They are the cognitive

and interpersonal skills which underpin clinical and technical skills

and are requirements for a competent surgeon. The NOTSS system

was developed and tested under funding from the Royal College of

Surgeons of Edinburgh and NHS Education for Scotland, from

2003–2007. The project was run by the University of Aberdeen,

with a steering group of surgeons, psychologists and an anaesthetist.

The research drew on previous work in Scotland on surgical com-

petence, professionalism, and the skills surgeons required to operate

safely4,8 and followed on from a similar project which developed

a behaviour rating system for anaesthetists – the Anaesthetists’ Non-

Technical Skills (ANTS) system.9 The aim of the NOTSS project

was to develop and test an educational system for assessment and

training based on observed skills in the intraoperative phase of sur-

gery. The system was developed from the bottom up with subject

matter experts (consultant surgeons), instead of adapting existing

frameworks used in other industries. It was considered important

to recognize and understand the unique aspects of non-technical

skills in surgery, and not to assume that those non-technical skills

identified for pilots, nuclear power controllers or anaesthetists

would be exactly mirrored in, or be relevant to surgery. The NOTSS

system is in surgical language for suitably trained surgeons to

observe, rate and feedback on non-technical skills in a structured

manner. An adapted model of systems design10 was used to guide the

design of the system. The three phases in the model relate to the

three objectives set by the NOTSS steering group in 2003: to iden-

tify the relevant non-technical skills required by surgeons, to

develop a system to allow surgeons to rate these skills and to test

the system for reliability and usability.

In phase 1 we used task analysis to identify the relevant skills.

Methods used included field notes of observation sessions in the

operating theatre, analysis of surgical mortality reports, a review

of published research,7 attitude survey of operating theatre person-

nel11 and cognitive interviews with subject matter experts.12 This

generated a list of 150 non-technical skills.

In phase 2, four independent groups of consultant surgeons used an

iterative process to develop a skills taxonomy from these skills which

formed the basis of the system. The NOTSS system follows the same

hierarchical structure of categories, elements and behaviours as

behaviour rating systems in other professions such as ANTS (anaes-

thetists) and NOTECHS,13 which is used to assess pilots’ non-techni-

cal skills by several European airlines. Exemplar good and poor

behaviours were written by a further n = 16 consultant surgeons to

complete the prototype system. The NOTSS skills taxonomy

(Table 1) was revised after psychometric evaluation of the prototype
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system in phase 3, where n = 44 surgeons rated standardized video

scenarios of surgeons’ behaviours in the operating theatre.14 The skills

taxonomy comprises two cognitive skills (Situation Awareness and

Decision Making) and two interpersonal skills (Communication and

Teamwork and Leadership), broken down into constituent elements.

Translating NOTSS into practice

A user handbook was then written which included advice for using

NOTSS, definitions and behavioural examples of the NOTSS cate-

gories and elements, and a set of rating forms for users. An initial

usability trial in which the system was used to observe skills and

debrief trainees after 43 operations revealed that observing and

rating non-technical skills was feasible for surgeons and that the

system was viewed as a positive adjunct to available methods for

assessing trainees.15 As part of the evaluation, it emerged that the

training given in using the system was not sufficient for many users

as they did not have background knowledge in human performance

from psychology and human factors. To address this, a one-day

training course was developed for surgeons focusing on awareness

of human factors and non-technical skills (level 1 training) and

practice in the basics of workplace assessment using NOTSS (level

2 training). This developed into a two-day course on safer opera-

tive surgery. These courses were designed for higher trainee and

consultant surgeons only and were based on task analysis of sur-

geons’ non-technical skills, the NOTSS behaviour rating system,

principles of safety science, and underlying psychology.16 Current

plans are to develop these courses for a multi-disciplinary audi-

ence and embed non-technical skills training and workplace assess-

ment of non-technical skills in the undergraduate and postgraduate

education of surgeons. Before this is possible, it is important to have

valid and reliable tools to structure observations of behaviour,

provide feedback and make formative or summative workplace

assessments. The NOTSS system has already been subject to a

degree of psychometric testing, which focused on agreement of

raters within groups on ratings.14

The present study

Previous analysis focused on the psychometric properties of the

scale, especially the reliability and sensitivity of the system. This

paper focuses on how the system was used focusing on absolute

ratings provided by novice raters and ‘reference ratings’ provided

by a group of experts.

Methods

Participants

Adverts were placed on the University and Royal College of Sur-

geons of Edinburgh websites and letters were sent to surgeons who

had taken part in the development of the NOTSS taxonomy to invite

them to take part in a further study to evaluate the system. Forty-four

consultant surgeons from five Scottish hospitals opted in to one of

six experimental sessions. Participants were from general surgery

(n = 18, 41%), orthopaedic surgery (n = 11, 25%), paediatric sur-

gery (n = 3, 7%), plus two urologists, one breast surgeon and one

cardiothoracic surgeon. Eight participants (18%) did not disclose

their speciality. Mean experience at consultant level was 8.9 years

(standard deviation 7.5 years); 95% (n = 42) were men. This group

of 44 surgeons constituted the ‘novice’ group.

Procedure

In other high consequence industries, it is understood that raters

must receive specific training in order to assess non-technical

skills.17,18 As this basic training is currently lacking from surgeons’

formal education, the NOTSS system training course was devel-

oped. Lasting two and a half hours, the course was based on guid-

ance from aviation on behaviour rating and used precompiled

surgical video examples to train raters.17 It comprised: (i) back-

ground on human factors and non-technical skills; (ii) an intro-

duction to the NOTSS system and how to make behavioural

assessments, and (iii) practice in observing and rating behaviors

with NOTSS in three training scenarios. All scenarios used in the

observation session were simulations, and this was made clear to

participants. Although some discussion followed each of the train-

ing scenarios, raters were not formally calibrated. After the training,

participants rated the consultant surgeons’ behaviors in six video

scenarios. Participants were instructed to watch each scenario and to

rate the observed skills using the NOTSS rating form. All ratings

were made individually, using the NOTSS rating form to record

scores for NOTSS categories and elements on a 4-point rating scale:

4 good, 3 acceptable, 2 marginal, 1 poor, and N/A not applicable

(skill not required or expected for given clinical situation).

Table 1 Non-technical skills for surgeons skills taxonomy

v1.2

Category Element

Situation

awareness

Gathering information

Understanding information

Projecting and anticipating future state

Decision making Considering options

Selecting and communicating option

Implementing and reviewing decisions

Communication

and teamwork

Exchanging information

Establishing a shared understanding

Co-ordinating team

Leadership Setting and maintaining standards

Supporting others

Coping with pressure
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Design of video scenarios

For this evaluation, 6 video scenarios were selected from 11 filmed,

illustrating surgeons’ non-technical skills (good to poor) in a range

of realistic simulated situations. The scenarios were filmed in oper-

ating theatres, using a patient simulator and practising surgeons,

anaesthetists and nurses acting the main roles. The scenarios were

designed by two surgeons, an anaesthesiologist experienced in

non-technical skills training, and two psychologists. To minimise

typecasting, five consultant surgeons played the lead roles across

scenarios, which ranged in length from 2 min 30 s to 5 min 40 s in

length. Three further scenarios were selected for practice during pre-

experiment training. See Yule et al. (2008) for further details of the

specific content of the scenarios and Figure 1 for a sample of stills

showing the high fidelity of these simulated scenarios.14

Reference ratings

A set of ‘reference ratings’ were collected for comparison with the

participants’ ratings. The reference ratings were provided by the

scenario designers who were also practising surgical team members

with up to 10 years expertise in behaviour rating and assessment of

technical and non-technical skills. In comparison with their peers,

they were some of the most experienced clinicians available to pro-

vide ‘expert’ opinion. They provided a judgement of the level of

each non-technical skill shown in each scenario, expressed as an

agreed set of category and element ratings for each scenario.

Results

The analysis focused on a comparison of participants’ ratings against

reference ratings. Figure 2 shows a comparison of the mode rating

from participants with the reference rating provided by the experts on

each NOTSS skill category for each scenario. The mode rating was

selected because for this analysis we were interested in comparing the

raters’ most commonly used absolute rating with the reference rating.

The results show that the mode score is generally close to reference

ratings but as a group, the majority of novice raters do not always

agree with the experts. Expert ratings across the six scenarios ranged

from ceiling to floor. This validates the scenarios as showing the full

range of non-technical skills from good to poor across scenarios.

Of the24category ratingopportunities in this study (4categories · 6

scenarios), in 12 cases (50%) the rater mode was not the same as the

reference rating. Of those 12 cases, on 5 occasions (42.5%) the

experts rated higher (to indicate better observed non-technical per-

formance) than the novices, and on 7 occasions (57.5%) novices rated

higher. There was only one occasion where the difference between

the mode rating provided by participants was more than one scale

point different from the reference rating: for the leadership category

in scenario two, the mode rating was 4 and the reference rating 2.

The mode score is useful for comparing the general view of

participants with the reference ratings, but it does not tell us how

many raters agreed with reference ratings. With four rating points

and a ‘not applicable’ option on the NOTSS scale, there is the

potential for much disagreement. In relation to how the NOTSS

categories were used across scenarios, Fig. 3 presents a breakdown

of the percentage of raters who agreed with the reference rating, the

percentage of raters who rated lower and the percentage of raters

who rated higher than the reference rating for each category. The

percentage of raters who were two points different from reference

ratings and percentage who rated a category as N/A (not applicable)

are also presented. Figure 3 shows that highest number of partici-

pants agreed with the reference ratings for each category. Where

they disagreed, participants were more likely to rate lower than the

reference ratings for decision-making, communication and team-

work and leadership. The widest range in ratings was for the social

skills with 15% of ratings of communication and teamwork, and

13% of leadership ratings were two points from the reference. A

small proportion of N/A ratings were given to decision-making,

communication and teamwork and leadership but 23% of situation

awareness ratings were N/A. It is of note that the experts felt able to

rate this behaviour in all cases.

Discussion

This study was designed to look at levels of agreement between

expert and novice raters using the NOTSS system to rate surgeons’

Fig. 1. Still shots from a selection of the non-technical skills for surgeons video scenarios. (a) A general surgeon enters theatre and

does not appear to know which patient he is operating on. He struggles to make appropriate decisions during the operation

(scenario 1). (b) An orthopaedic surgeon loses his situation awareness, blames the rest of the surgical team for breaking the

patient’s femur and displays poor leadership (scenario 4). (c) An orthopaedic surgeon has poor communication skills and expects the

scrub nurse to know what he wants next without having to ask for it (scenario 6).
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non-technical skills in six simulated scenarios filmed in the operating

theatre. The results indicate that although half the novice surgeons

agreed with the expert rating, significant numbers of participants did

not.When they did not agree, novice raters tended to be harsher in their

ratings than the expert group. This study has raised several issues

regarding the reliability of workplace assessment of non-technical

skills and has several practical implications.

The majority view of untrained raters tends to agree with the

experts, that is, there is evidence of a regression to the mode with

an increasing numbers of raters. However, the system is likely to be

used by one rater so even with training, it is unlikely that they will

rate skills in line with the experts on every occasion.

Accuracy within scenarios

It is interesting to note from Figure 2 that the range of ratings across

scenarios show a range of behaviours, from floor (scenario 3) to

almost ceiling (scenario 5), to mid-range (scenario 6), mid-low (sce-

nario 1), mid-high (scenario 2). There was more consistency around

ceiling or floor ratings – raters found it easier to rate skills that were

obviously good or poor (i.e. scenarios 1 and 3). Although it is reassur-

ing that rating with the NOTSS system appears reliable in identifying

clearly inadequate performance, this sort of behaviour will be

observed infrequently. Assuming that such extremes of poor behav-

iour are rare in the real workplace, it may be important to focus the

training of future NOTSS observers to discriminating between behav-

iours in the mid range (i.e. from marginal to acceptable).

Most disagreement was for scenarios depicting skills in the mid-

range (as judged by the experts). Scenario 4 generated the most mid-

range NOTSS ratings and was also the scenario with least agreement

between raters and experts. This scenario had a number of ambig-

uous behaviours and the consultant surgeon who was the target of

ratings also displayed good and poor behaviours for each category

throughout the scenario. For example, he briefed the trainee surgeon

on the risks of the operation and showed good situation awareness

immediately before the start of the operation but then clearly lost his

awareness of the operation and was distracted during a period when

the trainee broke the patient’s femur. Immediately after this event,

the consultant surgeon regained good situation awareness to manage

the incident. Raters clearly struggled to provide one rating for these

periods of behaviour as they were forced to decide whether the loss

of awareness meant that only a low rating could be provided as the

surgeons’ behaviours endangered patient safety (and by definition

triggered the lowest rating possible of 1 – poor), or whether the other

periods of good awareness should be reflected in the overall global

rating. This led to a high degree of variance in ratings. In practice, it

is suggested that individual institutions need to provide guidance on

how to rate cases like this with reference to their own performance

standards so NOTSS can be used consistently.

Accuracy within categories

The widest range in ratings was for the social skills with 15% of

ratings of communication and teamwork and 13% of leadership

ratings two points from the reference rating. This was notable

because the previous psychometric evaluation found that the social

skills were most reliably rated among the group.14

Strengths and limitations

One benefit of testing the reliability of the NOTSS system using

simulated surgical scenarios was the ability to video-record speci-

fied behaviors in a stable context. For the purpose of this study, it

was important to measure non-technical skills across a number of

different clinical encounters with different surgeons being rated, and

showing the full range of non-technical behaviour. For this reason,

we chose to film simulated scenarios because this gave us control

over the clinical contexts and the behaviours to be demonstrated

within each. A glance at the range of category ratings across sce-

narios in Figure 2 demonstrates that this was achieved. All scenarios

were clinically appropriate and looked realistic.
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The main limitation was the inadequate amount of training raters

received. The lack of experience of the rating group is a likely

explanation for the range in performance compared with the refer-

ence ratings. The surgeons who participated as raters had no pre-

vious experience of behaviour rating, and their only experience of

the underlying concepts was received during the short NOTSS train-

ing session prior to the evaluation. Other high reliability domains

where non-technical skills training and assessment is commonplace

recommend that a minimum of 2 days training is provided for using

this type of rating system. Part of this process will involve calibra-

tion and checking of raters, which has been shown to increase inter-

rater agreement. For the purpose of this study the short training

delivered was the maximum feasible for the sample of consultant

surgeons (n = 44) who volunteered to participate.

Conclusion

There is increasing evidence that non-technical skills are important

in the safe care of patients in the operating theatre and beyond. The

NOTSS taxonomy provides surgeons with a structure and language

to observe, rate, and provide feedback on behaviours within the

operating room following routine elective or emergency surgical

cases and is well received.15 However, as the assessment of non-

technical skills becomes more commonplace,14,19,20 and begins to be

integrated into surgical training curricula, it is essential that the

systems for rating these skills in surgery have acceptable validity

and reliability.16 In common with other high reliability domains, our

study shows that this degree of reliability cannot be achieved without

more in-depth training and calibration of raters. Further work to

establish the level of training required to ensure reliability is required.
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