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ABSTRACT

INTRODUCTION: Errors in surgery often stem from failure
related to non-technical skills such as communication and
teamwork. Tools for training and assessment of non-tech-
nical skills are needed to ensure safe surgery. The aim of
this study was to customize the Non-Technical Skills for Sur-
geons (NOTSS) rating system for Danish general surgeons.
MATERIAL AND METHODS: Eight group interviews were con-
ducted at two hospitals with consultant general surgeons,
trainee surgeons, scrub nurses and anaesthesia staff (n =
72). Interviews were transcribed and analysed by two cod-
ers identifying surgeons’ non-technical skills. Skills were
sorted according to NOTSS and behavioural examples were
written. The prototype of NOTSSdk was discussed with a
panel of surgeons (n = 12) to ensure face validity.

RESULTS: The skills identified in a Danish context fitted
NOTSS's four categories: situation awareness, decision mak-
ing, leadership, communication and teamwork and the 12
underlying elements. Only one element was added to the
NOTSSdk; “monitoring own performance.” A total of 3-8
good and 3-6 poor behavioural examples were written for
each element. Respecting team members, creating a good
working atmosphere and discussing options in the surgical
team were distinct themes.

DISCUSSION: The tool, which was customized for Danish
surgeons, comprises four categories, 13 elements and nu-
merous behavioural examples. The distinct themes regard-
ing respect, discussing options and creating a good working
atmosphere are more prominent than in the Scottish
NOTSS, which may be explained by cultural differences or
the fact that the present study included the perspectives of
the entire surgical team.

CONCLUSION: NOTSSdk holds potential as a tool for the
guiding of assessment and feedback on surgeons’ non-tech-
nical performance.

FUNDING: not relevant.

TRIAL REGISTRATION: The study was registered with
clinicaltrials.gov (NCT01334411).

The operating room (OR) is a complex domain in which
clinicians’ clinical knowledge and technical skills are es-
sential. Retrospective studies have reported that many
surgical mistakes were caused by insufficient communi-
cation and teamwork [1, 2]. Prospective studies have
shown that insufficient teamwork in the OR such as

infrequent information sharing has increased the risk of
complications [3] and that communication failures have
caused procedural errors and delays [4]. It is therefore
evident that surgeons and surgical teams need skills in
the fields of communication, teamwork, decision making
and leadership (so called non-technical skills) to ensure a
good outcome for their patients.

Training these skills can enhance communication
and collaboration in surgical teams [5], reduce the
number of technical errors [6, 7] and reduce surgical
mortality [8].

The effects of training should be measured to en-
sure sufficient quality and cost-effectiveness, but assess-
ment of individuals also serves the purpose of guiding
and motivating clinicians [9]. For this purpose valid and
reliable tools are needed, such as behavioural marker
systems, which have been developed for surgeons [10],
anaesthesiologists [11], scrub nurses [12] and surgical
teams [6, 13]. The Scottish behavioural marker system,
NOTSS (Non-Technical Skills for Surgeons) [10], is a rat-
ing tool based on a hierarchical system of skills compris-
ing four categories and 12 elements and examples illus-
trating good and poor behaviour. It is an observational
tool for individual in training assessment that has pro-
vided reliable and valid ratings of non-technical skills
[14] and has proved usable during real cases [15].

Currently, assessment tools lack in Denmark.
Although cultural and organizational differences compli-
cate a direct transfer of tools developed in a different
context, elements of such tools are likely to be generic
and thus applicable across contexts. The aims of the pre-
sent study were:

to explore which non-technical skills Danish general

surgeons, scrub nurses, anaesthesiologist and nurse

anaesthetists find important for the work of general

surgeons

—  totest to which extent these skills fitted the
Scottish NOTSS and

—  to customize the Scottish NOTSS for general

surgeons in Denmark as NOTSSdk.

MATERIAL AND METHODS
Sampling
Eight group interviews were conducted at two university
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The analysis process
showing how quotations
are summed, condensed
and worded as observable
behavioural examples for
the three elements in the
category Communication
and Teamwork.

Quotation from interview

”But communication is going on continuously, right.
How you are proceeding”. S 2

“I like it if he says: now it’s going to bleed. Are you
ready for that? Instead of saying: ... Whoops!
Now it’s bleeding. That is unpleasant”. A 2

“... with the advanced procedures we are dealing
with it is very clever before you start that you have
set out a strategy with the anaesthetist. And say
that this is what we are about to do and we can
expect this and this”. S 2

“... some are really good at arriving and saying:
we’re about to start this and we have these challenges,
amongst which is that it is a very heavy patient.

Paraphrase

Information related to making
progress in the operation and
informing about the next step
in the operation

Coordinating the strategy with
the anaesthesia team. Informing
the team about the contents and
expected outcome and challenges
of the operation

Telling the team about the con-
tents and equipment needed in
this procedure
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Behavioural example Element
Updates the team on how Exchanging
the operation is progressing information
and announces important
new developments
Liaises with the anaesthetist Establishing
and clearly and precisely a shared

informs the team (plan, back-
ground, aim and potential
difficulties)

understanding

Or ... | know for a fact that | will need these things
as additional equipment for this operation. So we
can at least be a little bit ahead, right”. SN 1

“You do such things in case of bleeding. You say:
now we’ll put a finger in here and then you can
give blood for 10 minutes, right”. TS 2

Coordinating tasks to ensure
efficiency and expediency

Cooperates to manage tasks
safely and effectively

Coordinating
activities

A 2 = anaesthesiologist, hospital 2; S 2 = surgeon, hospital 2; SN 1 = scrub nurse, hospital 1; TS 2 = trainee surgeon, hospital 2.

hospitals in the Capital Region of Denmark. One hospital
mainly deals with acute admissions and gastrointestinal
oncology with operations being laparoscopic rather than
open, and the other is specialized in upper abdominal
surgery and treats patients with surgical complications,
and operations are predominantly open. Four groups
were interviewed in each hospital: 1) consultant general
surgeons, 2) trainee surgeons, 3) scrub nurses and 4) an-
aesthesiologists and nurse anaesthetists. The sampling
was based on convenience sampling, as there was a
need to fit the interviews into clinical schedules. Groups
3 and 4 in one hospital were recruited via the head of
department who chose interview participants.

Interviews
The interview guide was developed to explore surgeons’
non-technical skills. The interview used open-ended
questions. It was structured around the NOTSS cat-
egories: situation awareness, decision making, leader-
ship and communication & teamwork, and around its
elements, but it also contained questions to explore if
interview participants had anything to add. The re-
searchers spent 30 hours in the OR doing unstructured
observations, taking field notes to get acquainted with
the culture and work habits in the two hospitals. This
helped design the interview guide and analyse the data.
The interview guide was pilot tested and minor changes
were made. Data from the pilot test were not included.
Interviews were scheduled to last 1-1.5 hours and
were conducted at the respective clinical departments in
undisturbed surroundings. They were audio-recorded
and guided by two interviewers. The discussions among

the interview participants concerned experiences of
which kinds of surgical behaviour they considered to be
either safe and efficient or not safe and efficient in re-
gard to the treatment of the patient.

According to Danish law, ethical approval is not
needed for this type of study. Interview participants
gave oral informed consent and data were anonymized.

Analysis

The interviews were transcribed verbatim and analysed
using directed content analysis [16]. Two interviewers
independently identified interview bits containing infor-
mation about surgeons’ non-technical skills in the intra-
operative setting. These bits were categorized and col-
our-marked according to the four NOTSS categories.
Interview bits that contained descriptions of non-tech-
nical skills that did not fit the categories were marked
with a fifth colour. Each interview bit was only sorted
into one category. The interviewers discussed their cat-
egorization, and in case of disagreement, the results
were discussed with a third group member until consen-
sus was reached.

The colour-marked interview bits from all the inter-
views were then printed on paper and sorted according
to the three NOTSS elements under each category. For
each element, the bits were further sorted into sub-
groups which were subsequently labelled. For each la-
belled subgroup, one to two paraphrases were written.
For each paraphrase, one observable behavioural exam-
ple was written. The interview bits that did not fit the
existing categories were analysed separately. Data were
analysed in an iterative process in the research group to
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ensure adequate sorting. Table 1 illustrates the process
from interview quotation to behavioural example in the
category of Communication and Teamwork. The other
categories were analysed in a similar way.

The prototype of the Danish taxonomy with cat-
egories, elements and behavioural examples were di-
scussed in two workshops with a panel of 12 surgeons
with educational responsibility representing eight ho-
spitals. The purpose was to check the face validity and
generalizability of the behavioural examples. They re-
fined behavioural examples, removed duplicates and
wrote new behavioural examples if these were consid-
ered lacking. Based on this input, the research group
designed the final revision of the taxonomy. For an over-
view of the research process, see Figure 1.

Trial registration: The study was reported at clinical-
trials.gov (NCT01334411).

RESULTS
A total of 72 clinicians participated in the interviews
which lasted between 52 and 84 minutes. Groups con-
sisted of: 4 and 10 consultant surgeons, 12 and 7 trainee
surgeons, 14 and 7 scrub nurses and 11 and 7 from the
anaesthesia team (nurses and doctors), respectively.
Table 2 shows the demographic data of the participants.
The majority of the identified behavioural markers
were easy to sort according to the four categories and
12 elements of NOTSS, and no categories or elements
were left blank. This suggests that the structure of
NOTSS also applies in Denmark. Interview bits that did
not fit the structure centred on the importance of hav-
ing an awareness of one’s competence, knowing when
to slow down and concentrate, keeping track of the pro-
gression of the procedure and having strategies for cop-
ing with stress, fatigue and disturbances. These skills
were not evident in the Scottish NOTSS, so they were
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Demographic data on the informants from the eight group interviews
shown by profession. Juniors are doctors in specialty training, seniors are
at consultant level or specialty doctors. Senior nurses are nurse man-
agers, whereas juniors occupy all other positions.

Gender, Experience in

Junior/ female/ the specialty,
Interview participants senior, n male, n  range, years
Surgeons 0/14 2/12 10-40
Trainee surgeons 18/1 8/11 <1-14
Scrub nurses 19/2 19/2 <1-25
Anaesthetists, nurses 5/0 5/0 <1-21
Doctors 8/5 6/7

gathered and added as a new cognitive element under
situation awareness and labelled “monitoring own per-
formance.” This resulted in NOTSSdk consisting of the
four categories and 12 elements from NOTSS, and one
additional element and between 3-8 good and 3-6 poor
behavioural examples underpinning each element. All
behavioural examples were identified from the material.
Table 3 shows the categories and elements and one
good and one poor example for each element. The full
version of NOTSSdk is available as a user guide [17]

Description of the four categories
The leadership category reflects that good surgical be-
haviour involves providing and maintaining a good and
professional working atmosphere in the OR and respect-
ing the competencies and working conditions of team
members. A good surgical leader has a strategy, demon-
strates enthusiasm and supports team members by pro-
viding constructive feedback, supervision and motiva-
tion.

Good surgical communication and teamwork in-
volves coordination of the strategy with the anaesthesia
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Anaesth = anaesthesiologists and nurse anaesthetists; SN = scrub nurses.

A simulated scenario used
for assessing surgeons’

non-technical skills.
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The structure of NOTSSdk showing categories, elements and one example of good behaviour along with one example of poor behaviour for each element. The full NOTSSdk is available

as a user guide [17].

Category
Leadership

Communication
and teamwork

Situation awareness

Decision making

Element

Setting and maintaining standards
Supporting others
Coping with pressure

Exchanging information

Establishing a shared understanding

Coordinating activities

Gathering information

Understanding information

Predicting and thinking ahead

Monitoring own performance

Considering options

Selecting and communicating option
Implementing and reviewing decisions

Examples of good behaviour

Sets a good example

Supervises and motivates

Delegates leadership when necessary

(e.g. technical challenge or unstable patient)
Tells the team of any difficulties and keeps
them informed of how the difficulties are
being dealt with

Liaises with the anaesthetist and clearly and
precisely informs the team (plan, background,
aim and potential difficulties)

Uses all resources and skills

Checks information from relevant sources
(patient and patient record) before the procedure
Acts according to the operative findings

Has a contigency plan (a Plan B)

Knows the extent of own skills

Weighs up the risks and benefits of the

potential solutions

Allows the team to comment on the decision
Recognizes when it is necessary to implement Plan B

Examples of poor behaviour

Does not adhere to guidelines or recognised standards
Creates a bad atmosphere

Loses temper and throws around instruments

Assumes that all are familiar with the procedure
and his/her preferences regarding equipment etc.

Does not ensure teams’ focus is centred on the task

Does not make adequate use of the assistant
Assumes the procedure is only routine operation and
does not check other information

Develops tunnel vision (ignores/suppresses important
signs that do not comply with own view)

Ignores signs that assistance may be needed in the
risk stages of the operation

Continues operating despite lack of progress

Considers only one solution despite there being others

Appears incapable of action
Does not request help when it is needed

team, communicating this clearly and keeping the team
informed about the progress of the operation. It also in-
cludes creating a shared focus of all team members on
the task and to collaborate in order to progress safely
and efficiently.

Displaying good situational awareness means to
maintain a dynamic attention to the environment in-
cluding the operative field. This relates to checking infor-
mation prior to the operation as well as to react on the
operative findings. Good behaviour also involves gather-
ing information about the team composition in order to
plan ahead, such as paying more attention to an inex-
perienced trainee or explaining more to an unfamiliar
scrub nurse.

Safe decision making relates to considering all rele-
vant available information and balancing risks, pros and
cons before deciding on a course of action. Aspects of
teamwork such as “letting the team comment on the
decision” and “striving at consensus on the treatment”
are also highlighted. Good decision making contains ef-
forts to re-evaluate decisions repeatedly and to recog-
nize when it is time to change strategy.

DISCUSSION

A Danish behavioural marker system for surgeons,
NOTSSdk, was developed using the Scottish NOTSS as a
template consisting of four categories: situation aware-
ness, decision making, leadership and communication &
teamwork, including 13 elements and examples of good
and poor observable behaviour.

Respecting team members, creating a good working
atmosphere and discussing options and decisions in the
surgical team seems more prominent in the Danish tax-
onomy than in the Scottish. This may reflect cultural dif-
ferences between Denmark and Scotland assuming that
a more flat hierarchy and team working structure dom-
inate in the Scandinavian countries. NOTSSdk was also
developed five years later than NOTSS and the under-
standing of these matters may have changed during this
interval. Another explanation is that, as opposed to pre-
vious studies, we included the perspectives of the full
surgical team, including anaesthesia staff and scrub
nurses, who provided additional kinds of behaviour that
are obvious to the collaborative team members. These
are important to include, since the cognitive and social
skills of one team member influence the task manage-
ment of others [4]. Experimental studies have shown
that victims of rude behaviour significantly decrease
their engagement in cognitive task management — and
this decrease already shows if people only witness rude
behaviour [18]. There is no reason to doubt that the
same should apply to multi professional OR teams with
their complex tasks and interdependencies. We believe
that our approach broadens the perspectives on sur-
geons’ non-technical skills and thereby expands the
overall understanding of what safe and efficient surgical
behaviour is.

Several examples of behaviour were derived from
interviews with trainee surgeons, scrub nurses or anaes-
thesiologists. This is not surprising, though, since various
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studies have documented differences of opinion regard-
ing the perceived quality of teamwork in surgical teams.
In general, doctors assess the teamwork more positively
than nurses and, similarly, surgeons have a more posi-
tive perception of teamwork than anaesthesiologists

[5, 19].

The behavioural marker system is not intended to
be a checklist and it is not exhaustive. It offers a frame-
work and language to assess and guide feedback on sur-
geons’ non-technical performance in the OR. The exam-
ples are only illustrations. However, one challenge in the
cognitive categories of situation awareness and decision
making is the assumption that the mental processes are
analytical and purely rational, which may not always be
the case. Some surgical decision making involves a cer-
tain degree of creativity and intuition [20] and in cases
of time restraints or inexperience, a more rule-based
approach will be appropriate [20].

Our study has some limitations. The interviews
were the empirical foundation of this study. Although
pre-interview observations were carried out and the
development was fostered on a template of an existing
behavioural marker system and driven by experienced
clinicians, no systematic observations were conducted
to causally relate behaviours to patient outcome, or to
ensure the match between what the surgical team think
are important non-technical skills and which non-tech-
nical skills surgeons actually display.

The interviews were conducted at two hospitals in
one of five regions in Denmark. This might not be repre-
sentative. However, we believe that the large number
of participants in the interviews and in the workshops
(with participants from two regions) to some extent
compensated for this.

We found it important to include the surgical team
members’ considerations since the surgeons’ non-tech-
nical skills influence the rest of the team and vice versa.
There is a risk, though, that we have been looking specif-
ically for these topics when analysing the interviews and
potentially over-emphasizing them.

In Denmark, the seven roles of the Canadian Med-
ical Education Directions for Specialists (CanMEDS)
framework are implemented, but assessment tools are
lacking. NOTSSdk offers a tool to assess skills in the roles
of Manager, Professional, Collaborator and Communi-
cator based on direct observations and a structure for
giving feedback to the surgical trainee. Future studies
will explore the reliability and validity of NOTSSdk when
used in the simulator and in the clinical setting.

CONCLUSION

An empirically grounded Danish behavioural marker sys-
tem of general surgeons’ non-technical skills was devel-

oped using a Scottish system as a template. The system

consists of four categories and 13 elements along with
examples illustrating good and poor behaviour. Differ-
ences exist between the Danish and the Scottish system
providing an argument for a tool developed or custom-
ized to the local context in which it is to be used.
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