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Abstract

Background Non-technical skills are the essential cognitive, social, and personal resources contributing to safe

and efficient task performance. An assessment tool can facilitate the development and teaching of non-technical
skills. The nurse anesthetist non-technical skills tool includes four categories and fifteen elements and is an adapta-
tion of the existing tools for physician anesthetists and Danish nurse anesthetists. The ratings are on a five-step scale,
with an option to select “Not Relevant”. Since there doesn't exist an assessment tool for Swedish nurse anesthetists’
non-technical skills, the aim of the study was to translate and adapt the assessment tool for nurse anesthetists' non-
technical skills to a Swedish context and test its psychometric qualities among nurse anesthetists with experience in
teaching nurse anesthetist students and junior nurse anesthetists in clinical settings.

Methods In this prospective psychometric evaluation study, sixteen nurse anesthetists were recruited. They rated 12
video clips of simulated anesthesia scenarios after participating in a three-hour calibration workshop. Four weeks later,
a test—retest was conducted, which included five video clips. Internal consistency, Interrater reliability, and test-retest
reliability were examined.

Results Internal consistency showed acceptable results on the element level and Interrater reliability indicated good
results. Retest reliability showed poor to moderate reliability. The use of “Not Relevant”varied significantly depend-
ing on the length of the video clip and the provider being rated. The raters considered the assessment tool suitable
but initially challenging to use for rating non-technical skills among nurse anesthetists and articulate non-technical
skills in anesthesia nursing.

Conclusions This initial testing of the Swedish nurse anesthetists'non-technical skills tool shows acceptable psy-
chometric qualities and gives a foundation for future research. However, the rating “Not Relevant” poses challenges
that need to be addressed. Nevertheless, the participants consider the assessment of non-technical skills in Swedish
nurse anesthetists to be appropriate.
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Background

Non-technical skills (NTS) are recognized by experts [1]
and government authorities [2, 3] as an important con-
tributor to safe patient care. NTS are a part of human
factors [1] and enhance technical skills and clinical
knowledge by minimizing the effect of human behavior
on adverse events [4]. Non-technical skills are defined
as “the cognitive, social and personal resource skills that
complement technical skills, and contribute to safe and
efficient task performance” [4].

Anesthetists are the primary anesthesia providers
in most countries, but in some countries, nurse anes-
thetists (NA) or anesthesia assistants are used with
varying degrees of supervision [5]. In the Nordic coun-
tries, NA is qualified to conduct anesthesia for healthy
patients, independently with indirect supervision from
an anesthetist [6, 7]. Surgery and anesthesia take place
in a complex environment, and a routine operation
can quickly develop into a surgical emergency requir-
ing time-sensitive decision-making, and effective com-
munication within the operation room (OR) team. This
requires the NA to be vigilant and carefully monitor
the patient’s condition in order to maintain situational
awareness [1]. McCulloch et al. [8] trained OR teams in
NTS and observed a decrease in both surgical technical
errors, procedural errors outside the surgical field and
an increase in the teams’ attitudes to patient safety. Dur-
ing medical emergencies, quick and correct decisions are
vital for solving the medical crisis, which is facilitated by
high levels of NTS [1]. Teams with high levels of NTS
have been linked to resolving surgical and anesthesia cri-
ses faster during simulations [9] as well in obstetric teams
during major post-partum hemorrhages [10]. The Diffi-
cult Airway Society and the Association of Anesthetists
published a new guideline on how to implement human
factors into anesthesia. One of the twelve recommenda-
tions is to provide NTS training [11]. This training can be
delivered through simulation training, in-theatre train-
ing, classroom training, and e-learning [1].

Behavioral rating systems are observational assessment
tools that link latent non-observable skills to an obser-
vational work task, i.e., a behavioral marker, which is an
aspect of effective or ineffective performance [12]. An
example of a behavioral marker of good performance in
the element of gathering information is that NA obtains
patients’ information pre-operatively in a structured
way [13]. There are two main types of behavior rat-
ing systems, either rating individuals or teams [14]. The
first and most widely used behavior rating system for
individual NTS in anesthesia is the anesthetists’ non-
technical skills (ANTS) [15]. A review by Boet et al. [16]
came to the conclusions that the psychometric proper-
ties of ANTS are well-tested and found valid and reliable.
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ANTS have been translated and modified for use among
Danish NA, known as nurse anesthetists’ non-technical
skills (NANTS), since NTS is also an important skill of
the NA work. NANTS-dk consists of 4 categories and
15 elements with examples of good and poor behav-
iors [17], There is a need for training and evaluating
NANTS among Swedish NA, both during their educa-
tion to become NA and among skilled NA. As there is no
Swedish version of NANTS, the aim of this study was to
translate and adapt NANTS-dk into Swedish and test its
psychometric qualities among Swedish nurse anesthetists
who had experience in teaching nurse anesthetist stu-
dents and junior NAs in clinical settings.

Material and method

The design of the study was a prospective psychometric
evaluation that included three phases I) preparation; II)
translation; and III) internal consistency, interrater reli-
ability, and test—retest reliability of respectively elements
in NANTS-se (Table 1), Fig. 1 flowchart of workflow the
study.

I) Preparation

The preparation phase (February 2022 - September
2022) included the translation of the handbook and the
creation of video clips. The handbook to NANTS-se is
based on the original handbook i.e. ANTS [13] and the
English version of the NANTS-dk handbook as refer-
ence materials of behavioral markers for nurse anes-
thetists [18]. The ANTS handbook was chosen as it was
more comprehensive in its content compared to the Eng-
lish version of NANTS-dk. However, the NANTS-dk

Table 1 Back-translated NANTS-se

Category Element

Situational awareness Gather information
Recognize and understand the situation
Anticipate and think ahead
Decision making Identify courses of action
Assess and balance different courses of action
Re-evaluate decisions
Work task management  Plan
Prioritize
Use resources
Maintain policies and procedures
Teamwork Exchange information
Value the team’s competence
Coordinate activities
Show authority, when required

Demonstrate team-oriented behavior
and support team members
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Fig. 1 Flowchart of workflow of the study

handbook was used as a complement to adapt the behav-
ioral markers in NANTS-se to compare the difference
between ANTS and NANTS i.e. the difference in respon-
sibilities between NA and anesthetists. The translation
of the handbook was performed by MJ (NA and doctoral
student) and reviewed by HC (RN, PhD, researcher in
education science) and CE (Anesthetist, PhD and edu-
cator at a simulation centre). A review and adaptation
of the behavioral markers for each of the elements were
done by MJ and CE, to ensure that the elements fit/work
in a Swedish context.

Twelve video clips of routine and emergency anesthe-
sia care were created to test NANTS-se psychometrically.
The videos were recorded by MJ and CE in a simulated
environment using Laerdal SimMan 3G© and Maquet

nd of data collection)
Test-retest reliability
of 15 raters. January

Statistical
analysis of test-
retest

Flow-1© Anesthesia Machine. Three nurse anesthetists
were recruited as actors and staff from the sim center
filled the roles of other members of the operating room
team. The recorded scenarios were edited and cut in
Adobe Premier Rush® to create the video clips by MJ.
The video clips varied between 1 m 22 sec to 7m 03 sec
in length and were reviewed by UN (NA, PhD, Profes-
sor and educator in the nurse anesthetist program) and
CE. The number of cases i.e. video clips are based on
earlier psychometric testing of ANTS and NANTS [15,
17, 19-22]. In Sweden, it is customary for two anesthe-
sia providers to be present during anesthesia induction,
either a NA and an anesthetist, or two NAs. In clinical
practice, one anesthesia provider is designated as the
primary provider while the other is designated as the
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secondary provider and assists the primary provider. In
eight out of twelve video clips, the primary provider was
the focus. Each video clip had a brief description of the
case and which provider to observe with a picture of that
provider. Only one provider was observed in each video
clip. The video clips exhibit a range of behaviors related
to non-technical skills, some of good quality and some of
poor quality, but most of them display average behavior.

II) Translation

The Consensus-based Standards for the Selection of
Health Measurement Instruments (COSMIN) were uti-
lized to guide the translation of NANTS; however, it
wasn't possible to have the original developers as part
of the team, as they did not understand Swedish [23].
The first step was translating the English version of
NANTS-dk into Swedish, i.e. NANTS-se, by an ISO
17100:2015 certified translator agency. The English ver-
sion of NANTS-dk was used as none of the researchers
understood Danish. Professor Rhona Flin, the developer
behind ANTS, gave her permission to translate NANTS-
dk into Swedish.

An expert committee consisting of six experts was
recruited, including individuals with expertise in anes-
thesia, simulation situations, non-technical skills, and
bilingualism in Swedish and English. This committee
evaluated and adapted the instrument for use in a Swed-
ish context and validated its translation into the Swedish
language. This was to ensure that the phrases have the
same meaning (semantic equivalence) and that the con-
struct has the same meaning (conceptual equivalence).
The cultural adaptation of the categories and elements
was discussed during individual meetings. Moreover,
the expert committee also ensured that phrases of words
with a specific meaning not understood by the individ-
ual words (idioms) were translated correctly (idiomatic
equivalence). To ensure experiential equivalence, an NA
(MJ) and anesthetist (CE) discussed the differences in
responsibilities between NA and anesthetists in Sweden
compared to Denmark, and Scotland where ANTS was
developed.

Table 2 Rating scale and description of performance for each rating
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The final NANTS-se was then back-translated to Eng-
lish by a translation agency and thereafter compared
with the English version of NANTS-dk and with ANTS.
Although there were some minor differences in the word-
ing of the English version of NANTS-se compared to the
English versions of NANTS-dk and ANTS, no changes
were made.

III) Internal Consistency, Interrater Reliability, and
Test-retest Reliability

For the psychometric testing, a convenience sample of
16 NAs (hereafter referred to as raters) was recruited. The
raters had experience supervising NA students and jun-
ior NAs in clinical settings or with teaching experience.

Workshops

The raters received an email containing study infor-
mation and the NANTS-se handbook approximately
two weeks before the 3-h workshop. They were asked
to read the documents before attending the workshop.
Four workshops were conducted by MJ, with two to six
raters in attendance each time. The workshop covered
the aspects of how to use behavioral rating systems; the
categories and elements of NANTS-se; the rating scale
of NANTS-se (Table 2). At the workshop each level of
the scale was discussed and clarified, including the rat-
ing “Not Relevant”. The workshop also covered different
rater biases such as halo effect, visceral bias, central ten-
dency, leniency, severity, and contrast effect. Four video
clips were used for the raters’ calibration. The video clips
were viewed and rated individually, later the raters had a
group discussion about their different ratings. At the end
of each workshop, the raters received two envelopes: one
containing NANTS-se and a demographics survey, and
the second containing the NANTS-se retest and evalua-
tion survey.

Rater instructions

After the workshop, on the same day, an email containing
the links to twelve video clips was sent to the raters. To
prevent rater fatigue, the raters were advised to watch the

Rating Description
5—Excellent « Extremely good performance of high professional standard; could serve as a model example for others
4—Good « Performance of uniformly high standard that enhances the safety of the patient

3—Acceptable
2—Marginal
1—Poor

- Satisfactory performance, but can be improved
- Performance gives rise to concern; improvements required
- Performance exposes the patient to danger or is potentially dangerous for the patient’s safety

« Absence of behavior required by the situation the situation

NR - Not Relevant

« Behavior not required in the situation
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video clips in small batches rather than all at once. The
raters were told that they could watch the video clips as
many times as they needed to make a rating and to record
the number of times they watched each video clip. The
raters evaluated the skills of individual elements using a
five-point scale rating system with performance ranging
from 1-5 and “Not Relevant” (Table 2). Additionally, the
rating form allowed the raters to leave comments about
their choice. After the end of each video clip, the NANTS
rating was conducted. Following a four-week washout
period, raters were sent an email with links to five of the
original clips for retesting. The video clips were named
numerically and provided in the same order in the email
to all the raters. Table 3 presents the number of days it
took to complete each part of the rating and how many
times the raters watched each video clip.

Rater evaluation

In the rater evaluation, participants were asked four
yes-or-no questions and encouraged to provide com-
ments to explain their answers (Table 4). The rater eval-
uation also included two general free-text answers. One
was whether anything was missing in NANTS-se, and

Table 3 Demographics of the raters (n= 16)

n (%) Median (IQR)
Age (In years) 42 (10)
Sex
Male (43.7)
Female 9(56.3)
Academic degree
Bachelor 1(6.3)
Masters (1-year) 14 (87.5)
PhD 1(6.3)
Work experience as a NA (in years) 16 (100) 10(12)
Days to complete part 1 11.5(15)
Days to complete retest 24 (31)
Times watched each video clip: part 1 1(0)
Times watched each video clip: retest 1(0)

Abbreviations: NA Nurse Anesthetist, PhD Doctor of Philosophy

Table 4 Rater evaluation
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the other was if the raters had any additional comments
about NANTS-se.

Analysis
Descriptive statistics were presented with median and
interquartile range (IQR). To analyze internal con-
sistency Cronbach Alpha was calculated for each cat-
egory to assess the agreement, with a range of 0.70 to
0.95 considered acceptable [24]. Inter-rater reliabil-
ity was assessed using the intraclass correlation coef-
ficient (ICC) with a two-way random effects model
and absolute agreement. Average measurements are
reported according to Koo and Li [25], which provide
the following interpretation of ICC values: a coefficient
less than 0.5 is considered poor, 0.5 to 0.75 indicates
moderate reliability, 0.75 to 0.9 is viewed as good, and
a value greater than 0.9 signifies excellent reliability.
Test—retest reliability was calculated with ICC two-
way mixed effect and absolute agreement, and average
measurements are reported in accordance with Koo &
Li’s guidelines [25]. “Not Relevant” was treated as O for
statistical analysis, in line with Flynn et al. [20]. Dur-
ing the initial data review, we discovered that only three
raters had provided ratings on the category level. This
led us to exclude the category rating analysis early on.
Missing data on element level was investigated, and
according to Schafer [26], an amount of less than 5% is
usually seen as small, and a single imputation method
is accurate to use. In the present study, missing values
were observed in 0% to 4.1% ratings on the element
level and significantly impacted the statistical analy-
ses. The missing data was spread across different cases,
resulting in the deletion of up to 27.8% of the cases
when analyzed with ICC. Therefore, an imputation was
performed using the median values for each element.
SPSS version 28 was used for the statistical analysis.
The open-ended comments were analyzed following
a descriptive approach [27]. The material under each of
the six open-ended questions were initially read mul-
tiple times to understand the content. Passages were
extracted into a common document, codes were identi-
fied, and sorted, and three categories were constructed.

Question n Yes No
1. Do you deem that it is easy to do an assessment (rating) with NANTS-se? 16 6 10
2. Do you consider NANTS appropriate for rating nurse anesthetists' non-technical skills? 16 15 1

3. Do you consider that there is an appropriate number of scale steps for the assessment (rating) 15 13 2
of nurse anesthetists?

4. Do you consider that there is an appropriate number of scale steps for the assessment (rating) 14 10 4

of nurse anesthetist students?
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Table 5 Rating “Not Relevant”in the video clips displayed by
length and provider

Rated Length of video Category length of Not
clip (minutes) video clip’ Relevant

(%)
Primary 7:03 Long 5.6
Primary 5:54 Long 1.7
Primary 545 Long 6.7
Primary 5:00 Long 17.8
Primary 4:56 Long 5.0
Primary 4:45 Long 6.1
Secondary 4:05 Short 217
Primary 313 Short 206
Primary 2:15 Short 239
Secondary 2:03 Short 15.0
Secondary 1:45 Short 36.7
Secondary 1:22 Short 47.8

" The cut between short and long video clips was 4.5 min, i.e. short is less than
4.5 min

Results

Out of 16 raters, nine were women and seven were
men. The median age of the raters was 42, and they had
an average of 11 years of experience as NA (Table 3).
All raters completed the first test, but one dropped out
during the re-test due to misunderstandings and a high
workload.

Rating “Not Relevant”

“Not Relevant” was used in 13.7% of all the observa-
tions. During the analysis of the usage of “Not Rele-
vant’, it was found that there was a variation in the use
of it where one rater did not use “Not Relevant” at all,
while three raters used it in more than 30% of their rat-
ings. “Not Relevant” was shown to be used more fre-
quently when rating NANTS in the short video clips,
i.e. clips <4.5 min compared to clips with a duration
>4.5 min, as well as in video clips that focused on the
secondary provider compared to the primary pro-
vider. Table 5 displays the rating “Not Relevant” in the
video clips by length and provider, supplement materi-
als 1 visual representation of “Not Relevant” sorted on
raters.

Internal consistency

Acceptable internal consistency was found for NANTS-
se, with Cronbach’s alpha ranging between 0.78 and
0.86. The highest reliability was found in Decision Mak-
ing, while the lowest was found in Work Task Manage-
ment (Table 6).
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Table 6 Internal consistency

Category Cronbach alpha
Situation Awareness 0.81
Decision Making 0.86
Work Task Management 0.78
Teamwork 0.84

Table 7 Interrater reliability

Category ICC 95% Confidence

interval

Lower Upper
Situation Awareness 0.79 0.68 0.88
Decision Making 0.83 0.73 0.90
Work Task Management 0.81 0.72 0.88
Teamwork 0.86 0.76 0.89
Table 8 Test—retest reliability
Category ICC 95% Confidence

interval

Lower Upper
Situation Awareness 041 0.23 0.54
Decision Making 0.68 0.58 0.76
Work Task Management 0.64 0.55 0.71
Teamwork 0.55 045 0.63

Interrater reliability

Interrater reliability with ICC indicated good reliability,
with values ranging between 0.79 and 0.86. The lowest
value of ICC was noticed in Situation Awareness, and the
highest in Teamwork (Table 7).

Test-retest reliability

Test—retest reliability indicates poor to moderate reliabil-
ity, with an ICC value ranging from 0.41 to 0.68, with the
highest ICC in Decision Making and the lowest in Situa-
tion Awareness (Table 8).

Rater evaluation

The majority of the raters (10 out of 16) responded “No”
if they found it easy to rate with NANTS-se. All raters,
except for one, agreed that NANTS-se was a suitable
behavioral rating system for rating NTS among NA. The
one who disagreed commented that the system is only for
rating the primary provider (Table 4). The three catego-
ries from the open-ended questions were: A new tool, The
video clips, and cognitive skills.
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A new tool. As NANTS-se was a new tool for the raters,
they found it somewhat complicated to use even though
some said there were clear instructions on how to use
NANTS-se. In the first video clips the raters found that
NTS was difficult to rate, but it became easier as they
continued to make ratings. Several raters expressed
that rater training is needed and that raters need to use
NANTS-se on a regular basis. The raters expressed that
since they were unfamiliar with the definitions of the ele-
ments, they suggested it might be easier if several raters
were to observe and discuss to conclude on a rating as
they did in the workshop. At the same time, other raters
expressed that the division into elements made it easier
to identify and improve weak spots in NA. The usability
of NANTS-se was expressed with the quote:

“It’s easier than normal but still difficult!” (Rater 13)

The video clips. The raters found that ratings of NTS
in short video clips were more difficult since they didn’t
have enough information about the situation. The raters
also found rating video clips difficult when there were
both very good and very poor behaviors occurred in the
same element. The raters also found that it was easier
to rate the primary NA. Ratings of short video clips was
expressed with the quote:

“In longer scenarios, it is easier since you grasp the
whole picture. In short scenarios, you lack too much
information for it to be good.” (Rater 6)

Cognitive skills. Raters expressed that it could be chal-
lenging to assess cognitive skills in NTS because they
can’t be observed, and a rater expressed the difficulty
with the quote:

“It is always difficult to assess things that are not
concrete, for example, it is easier to assess or help
someone who has incorrect technique during intu-
bation (technical skills for placing a tube to help the
patient breathe during anesthesia: authors explana-
tion)” (Rater 8)

Discussion

The initial testing of NANTS-se has shown good internal
consistency, good inter-rater reliability, and poor to mod-
erate test—retest reliability. This indicates that NANTS-
se is a reliable tool for measuring an NA s non-technical
skills. These findings are in line with the initial testing of
previous studies on behavioral rating systems for NA and
anesthetists [15, 20].

The high amount of “Not Relevant” ratings, especially
in the short clips, <4.5 min, and when rating the second-
ary provider was unexpected. The challenge to rate assis-
tants (secondary providers) can be explained by the fact
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that the original ANTS tool was developed to assess only
the primary anesthetists. Regarding the length of video
clips, capturing all elements of NTS in a short video clip
can be challenging. However, short video clips have the
advantage of not requiring raters to address performance
changes over time. In a study by Reim et al. [28], they
use five-minute-long video clips and argue whether it is
possible to assess all elements of ANTS during a short
video clip. In the present study, “Not Relevant” was never
agreed upon in any of the elements in the video clips by
the raters. This may be explained by “Not Relevant” as a
“safe card” when the raters feel that ratings are difficult
or that the raters did not notice an observable behavior.
Williams et al. [29] compare the ratings of figure skat-
ing judges in the Olympics. These judges have at least 15
years of experience, are highly trained, use clearly defined
criteria for assessment, and get continuous feedback on
their ratings compared to others. Even if these judges
have a high degree of agreement, it still ranged from
0.93-0.97. This example indicates how much training and
experience it takes to calibrate an assessment and still not
reach 100% agreement. Even if the raters in the present
study have experience teaching NA students and junior
NA in clinical practice, NANTS-se is a new assessment
tool and the rater’s experience in NANTS-se is by no
means close to the experience or training of judges in fig-
ure skating. However, if NANTS-se is to be implemented
in education and clinical practice, the level of agreement
should increase as the raters gain more experience.

The raters agreed that NANTS-se is an appropriate
behavioral rating system to rate the primary NA, even
though the raters find NANTS-se to be somewhat com-
plicated to use. The raters had suggestions on how to
make rating easier, such as continuous education, fre-
quent use of NANTS-se in clinical practice and educa-
tion, or if several raters observed the same case and
discussed to come to a conclusion on a rating. The rat-
ings of the NTS might been easier if ratings were con-
ducted directly after the workshop since the information
from the calibration workshop was fresh in memory.
However, this was not possible because the nurse anes-
thetist could not take time off work for several hours due
to a heavy workload in the anesthesia department after
the pandemic. Additionally, the risk of rater fatigue was
considered. The present study’s poor to moderate test—
retest reliability shows that a four-week washout period
seems to be sufficient. The difference in ICC scores, with
Situation Awareness having the lowest and Teamwork
having the highest, can be attributed to the fact that Situ-
ation Awareness is a cognitive skill while Teamwork is
a social skill. This makes Situation Awareness more dif-
ficult to observe than Teamwork, which mainly relies
on communication between team members. That raters
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feel uncertainties when rating NTS is not an exclusive
challenge when using a behavioral rating system. Tweed
et al. [30] investigated examinators’ confidence in grad-
ing students and found that examinators were less con-
fident when it came to failing than to pass a student. The
raters in our study considered NANTS-se to be an aid
to assess NA students who are on the borderline of pass
or fail, since NANTS-se puts words on the skills needed
in anesthesia nursing. The challenges of supervising NA
students in clinical education are described by Hed-
lund et al. [31]. They found that the clinical supervisors
emphasized the importance of identifying students at
risk of not achieving their educational goals. In the pre-
sent study, the raters found that NANTS-se is a valuable
tool for identifying and improving weak aspects of NTS.

The ANTS behavioral rating system does not have a
uniform scale level. For instance, while ANTS has four
levels as described by Fletcher et al. [15], NANTS-dk
[32], and NANTS-no [20] have five levels. We decided to
continue using the five level scale used in Denmark and
Norway. This is to ensure consistency for future compari-
sons as the education required to become an NA and the
clinical competence are in these two countries as com-
pared to Sweden.

It was challenging to record clips with poor behavior
because when the actors were asked to underperform,
the whole anesthesia simulation became poor. Lyk-Jensen
et al. [32] note high interrater reliability before training
NTS and argue that it is because of too easy video clips
displaying only poor or good performance. In the present
study, the “best” and most realistic display of poor perfor-
mance was due to the actor’s mistake during the record-
ings, thereby displaying a more realistic behavior.

The literature on how to design a psychometric evalu-
ation of behavioral rating systems is scant. Therefore,
we used other research in the field of behavioral rating
systems of non-technical skills [15, 17, 20] to guide the
design, number of raters, and methodology of this study.
We notice challenges with using this approach and the
one option would be to use a smaller number of raters
with an increased number of video clips; on the other
hand, more raters can capture a larger variety of opinions
and make the results more valid.

In the current study, missing data is less than 5%, but
it still significantly impacted the analysis of the data with
a loss of 27.8% of the observations since the missing
data are spread out through the observations. The high
amount of data loss occurs because if any data is miss-
ing in a row, the entire row is excluded. Some researchers
argue that missing data less than 5% is inconsequential
[33], but as seen in the present study, missing data needs
to be inspected and not just generalized. Therefore, we
decided to impute the median value since it still is a low
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amount of missing data, and according to Schafer [26], a
single imputation method can be accurate. We ran analy-
ses with mean values to see how they affected the results,
but there was only a slight difference in ICC on Team-
work; all other values were the same as those of Median.
However, how to handle the rating “Not relevant” has
been a challenge. An imputation with a minimum value
of 1, a maximum value of 5, and a mean was carried out,
resulting in slightly higher ICC values for inter-rater reli-
ability. Interestingly, when testing with imputation using
expectation maximization, it resulted in the highest ICC
values of all imputation methods. However, the decision
was made to impute O, as this value had been used by
previous researchers [20].

Limitations

This research utilized a convenience sample consisting of
raters with prior assessment experience. Previous stud-
ies [15, 20, 32] employed reference ratings; however, due
to the absence of a gold standard for NTS in Sweden, we
could not include reference ratings in this study. Further
research to establish a gold standard for NTS in clinical
practice would be desirable. Additionally, further validation
of NANTS-se across clinical settings, educational contexts,
and different geographical areas would be beneficial.

Conclusion

By using NANTS-se, the non-technical skills required in
anesthesia nursing are articulated. The initial testing of
NANTS-se shows good Internal consistency, inter-rater
reliability, and moderate test-retest reliability for assess-
ing primary anesthesia providers. This gives a founda-
tion for future research on NANTS-se, both as a tool for
assessing NA students’ NTS and the clinical performance
of NA. However, there are some challenges to consider in
future research; the handling of “Not Relevant” needs to
be addressed, as well as the best length of video clips for
the observation.

Abbreviations

ANTS Anesthetist non-Technical Skills

COSMIN  The Consensus-based standards for selection of health measure-
ment instruments

ICC Intraclass Correlation Coefficient

IQR Interquartile Range

NA Nurse Anesthetist

NANTS Nurse Anesthetist Non-Technical Skills (ending indicating country)

OR Operation Room

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512909-025-07297-2.

Supplementary Material 1.

Supplementary Material 2.



https://doi.org/10.1186/s12909-025-07297-2
https://doi.org/10.1186/s12909-025-07297-2

Jarl et al. BMC Medical Education (2025) 25:718

Acknowledgements

We would like to thank Rhona Flin for granting us permission to extend her
work into a Swedish context. We are also deeply grateful to the study partici-
pants who generously gave their time, making this research possible. Lastly,
we extend our heartfelt thanks to Peter Hagell for his valuable assistance with
the psychometric analysis and Sara Runsdotter for her valuable assistance with
the statistics.

Authors’ contributions

All authors have agreed to the final version of the manuscript, to take respon-
sibility for their own contribution, and to ensure that all parts of the research
have been appropriately investigated and reported. +MJ has coordinated the
work within the research team. - MJ, UN, HC, CE and PH have contributed to
the design of the study. -MJ has done the data collection. « MJ, UN and HC
have contributed to the analysis and interpretation of data. « MJ, UN, HC, CE
and PH have contributed to the writing of the manuscript.

Funding
Open access funding provided by Karolinska Institute. This work was sup-
ported by the Swedish Nurses Association (Alice Lindstroms studiefond).

Data availability

The datasets generated and/or analyzed during the current study are not
publicly available due to ethical permissions for the study but are available
from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Participants received both verbal and written information about the study
before signing the consent form. This project was approved by the Swedish
Ethical Review Authority (dnr: 2022-03396-01) and adheres to the Declaration
of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Neurobiology, Care Sciences and Society, Karolinska Institute,
Alfred Nobels Allé 23, Stockholm 171 77, Sweden. “Department of Anesthe-
sia and Intensive Care, Danderyd University Hospital, Stockholm, Sweden.
3Department of Anesthesia and Intensive Care, Norrtalje Hospital, Norrtilje,
Sweden. *Department of Clinical Science, Intervention and Technology-CLIN-
TEC, Karolinska Institutet, Stockholm, Sweden. >Department of Clinical Sci-
ences, Danderyds Hospital, Karolinska Institutet, Stockholm, Sweden.

Received: 21 October 2024 Accepted: 6 May 2025
Published online: 17 May 2025

References

1. Kelly FE, Frerk C, Bailey C, Cook T, Ferguson K, Flin R, et al. Human factors
in anaesthesia: a narrative review. Anaesthesia. 2023;78(4):479-90.

2. World Health Organization. Human Factors in Patient Safety: Review of
Topics and Tools. Geneva; 2009. Available from: http://www.who.int/patie
ntsafety/research/methods_measures/human_factors/human_factors_
review.pdf. Cited 2018 Dec 6.

3. National Board of Health and Welfare. Act for safer healthcare - National
Action Plan for Increased Patient Safety in Swedish Health Care 2020-
2024.2020. Report No.: 2020-1-6564. Available from: https://www.socia
Istyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/
2020-1-6564-english.pdf. Cited 2024 May 23.

4. Flin R, Maran N. Basic concepts for crew resource management and non-
technical skills. Best Pract Res Clin Anaesthesiol. 2015;29(1):27-39.

5. LawTJ, Lipnick MS, Morriss W, Gelb AW, Mellin-Olsen J, Filipescu D, et al.
The Global Anesthesia Workforce Survey: Updates and Trends in the

20.

21.

22.

23.

24.

Page 9 of 10

Anesthesia Workforce. Anesth Analg. 2024; Available from: https://jour-
nals.lww.com/https://doi.org/10.1213/ANE.0000000000006836. Cited
2024 May 23.

Meeusen V, van Zundert A, Hoekman J, Kumar C, Rawal N, Knape H. Com-
position of the anaesthesia team: a European survey: Eur J Anaesthesiol.
2010;27(9):773-9.

Nilsson U, Jaensson M. Anesthetic Nursing: Keep in Touch, Watch Over,
and Be One Step Ahead. J Perianesth Nurs. 2016;31(6):550-1.
McCulloch P, Mishra A, Handa A, Dale T, Hirst G, Catchpole K. The effects
of aviation-style non-technical skills training on technical perfor-

mance and outcome in the operating theatre. Qual Saf Health Care.
2009;18(2):109-15.

Doumouras AG, Hamidi M, Lung K, Tarola CL, Tsao MW, Scott JW, et al.
Non-technical skills of surgeons and anaesthetists in simulated operat-
ing theatre crises: Non-technical skills during operative crises. Br J Surg.
2017,;104(8):1028-36.

. Brogaard L, Kierkegaard O, Hvidman L, Jensen K, Musaeus P, Uldbjerg N,

et al. The importance of non-technical performance for teams managing
postpartum haemorrhage: video review of 99 obstetric teams. BJOG Int J
Obstet Gynaecol. 2019;126(8):1015-23.

. Kelly FE, Frerk C, Bailey CR, Cook TM, Ferguson K, Flin R, et al. Implement-

ing human factors in anaesthesia: guidance for clinicians, departments
and hospitals: Guidelines from the Difficult Airway Society and the
Association of Anaesthetists. Anaesthesia. 2023;78(4):458-78.

. Dietz AS, Pronovost PJ, Benson KN, Mendez-Tellez PA, Dwyer C, Wyskiel

R, et al. A systematic review of behavioural marker systems in healthcare:
what do we know about their attributes, validity and application? BMJ
Qual Saf. 2014;23(12):1031-9.

. Flin R, Glavin R, Maran N, Patey R. Anaesthetists'Non-Technical Skills

(ANTS) System Handbook v1.0. 2012. Available from: https://research.
abdn.ac.uk/wp-content/uploads/sites/14/2019/03/ANTS-Handbook-
2012-1.pdf. Cited 2024 Jan 26.

. Higham H, Greig PR, Rutherford J, Vincent L, Young D, Vincent C.

Observer-based tools for non-technical skills assessment in simulated
and real clinical environments in healthcare: a systematic review. BMJ
Qual Saf. 2019,28(8):672-86.

. Fletcher G, Flin R, McGeorge P, Glavin R, Maran N, Patey R. Anaesthetists'

Non-Technical Skills (ANTS): evaluation of a behavioural marker system. Br
J Anaesth. 2003,;90(5):580-8.

. Boet S, Larrigan S, Martin L, Liu H, Sullivan KJ, Etherington N. Measur-

ing non-technical skills of anaesthesiologists in the operating room: a
systematic review of assessment tools and their measurement properties.
BrJ Anaesth. 2018;121(6):1218-26.

. Lyk-Jensen HT, Jepsen RMHG, Spanager L, Dieckmann P, @stergaard

D. Assessing Nurse Anaesthetists’Non-Technical Skills in the operating
room: Nurse Anaesthetists’Non-Technical Skills. Acta Anaesthesiol Scand.
2014,58(7):794-801.

. Lyk-Jensen HT, Jepsen RMHG, Spanager L, Dieckmann P, @stergaard

D. N-ANTS Handbook. 2014. Available from: https://www.regionh.dk/
CAMES/Forskning/Showcases/Documents/N-ANTSHandbook_version%
201.0.pdf. Cited 2024 Jan 26.

. Bracco F, Masini M, De Tonetti G, Brogioni F, Amidani A, Monichino S, et al.

Adaptation of non-technical skills behavioural markers for delivery room
simulation. BMC Pregnancy Childbirth. 2017;17(1):89.

Flynn FM, Valeberg BT, Tennessen S, Bing-Jonsson PC. Psychometric
Testing of a Structured Assessment Instrument for Non-technical Skills
(NANTS-no) for Use in Clinical Supervision of Student Nurse Anesthetists.
JNurs Meas. 2021;29(1):E59-77.

Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation

of the Scrub Practitioners’ List of Intraoperative Non-Technical Skills
(SPLINTS) system. Int J Nurs Stud. 2012;49(2):201-11.

Myers JA, Powell DMC, Psirides A, Hathaway K, Aldington S, Haney MF.
Non-technical skills evaluation in the critical care air ambulance environ-
ment: introduction of an adapted rating instrument - an observational
study. Scand J Trauma Resusc Emerg Med. 2016;24(1):24.

Prinsen CAC, Vohra S, Rose MR, Boers M, Tugwell P, Clarke M, et al. How to
select outcome measurement instruments for outcomes included in a
"Core Outcome Set” - a practical guideline. Trials. 2016;17(1):449.

Terwee CB, Bot SDM, De Boer MR, Van Der Windt DAWM, Knol DL, Dekker
J, et al. Quality criteria were proposed for measurement properties of
health status questionnaires. J Clin Epidemiol. 2007;60(1):34-42.


http://www.who.int/patientsafety/research/methods_measures/human_factors/human_factors_review.pdf
http://www.who.int/patientsafety/research/methods_measures/human_factors/human_factors_review.pdf
http://www.who.int/patientsafety/research/methods_measures/human_factors/human_factors_review.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2020-1-6564-english.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2020-1-6564-english.pdf
https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/ovrigt/2020-1-6564-english.pdf
https://doi.org/10.1213/ANE.0000000000006836
https://research.abdn.ac.uk/wp-content/uploads/sites/14/2019/03/ANTS-Handbook-2012-1.pdf
https://research.abdn.ac.uk/wp-content/uploads/sites/14/2019/03/ANTS-Handbook-2012-1.pdf
https://research.abdn.ac.uk/wp-content/uploads/sites/14/2019/03/ANTS-Handbook-2012-1.pdf
https://www.regionh.dk/CAMES/Forskning/Showcases/Documents/N-ANTSHandbook_version%201.0.pdf
https://www.regionh.dk/CAMES/Forskning/Showcases/Documents/N-ANTSHandbook_version%201.0.pdf
https://www.regionh.dk/CAMES/Forskning/Showcases/Documents/N-ANTSHandbook_version%201.0.pdf

Jarl et al. BMC Medical Education (2025) 25:718 Page 10 of 10

25. Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass
Correlation Coefficients for Reliability Research. J Chiropr Med.
2016;15(2):155-63.

26. Schafer JL. Multiple imputation: a primer. Stat Methods Med Res.
1999;8(1):3-15.

27. O'Cathain A, Thomas KJ."Any other comments?” Open questions on
questionnaires — a bane or a bonus to research? BMC Med Res Methodol.
2004 [cited 2024 May 21;4(1):25. Available from: http://bmcmedresm
ethodol.biomedcentral.com/articles/10.1186/1471-2288-4-25.

28. Riem N, Boet S, Bould MD, Tavares W, Naik VN. Do technical skills correlate
with non-technical skills in crisis resource management: a simulation
study. Br J Anaesth. 2012 [cited 2024 Jun 25];109(5):723-8. Available from:
https://linkinghub.elsevier.com/retrieve/pii/S0007091217316331.

29. Williams RG, Klamen DA, McGaghie WC. SPECIAL ARTICLE: Cognitive,
Social and Environmental Sources of Bias in Clinical Performance Ratings.
Teach Learn Med. 2003 [cited 2024 Apr 29];15(4):270-92. Available from:
http://www.tandfonline.com/doi/abs/10.1207/515328015TLM1504_11

30. Tweed MJ, Thompson-Fawcett M, Wilkinson TJ. Decision-making bias in
assessment: The effect of aggregating objective information and anec-
dote. Med Teach. 2013 [cited 2024 Mar 31];35(10):832—7. Available from:
http://www.tandfonline.com/doi/full/10.3109/0142159X.2013.803062.

31. Hedlund J, Blomberg K, Hjelmqvist H, Jaensson M. Nurse anaesthetists’
experiences of student nurse anaesthetist learning during clinical
practice: a qualitative interview study. BMC Nurs. 2024 [cited 2024 Sep
251;23(1):141. Available from: https://bmcnurs.biomedcentral.com/artic
les/10.1186/512912-024-01818-y.

32. Lyk-Jensen HT, Dieckmann P, Konge L, Jepsen RMHG, Spanager L, Jster-
gaard D. Using a Structured Assessment Tool to Evaluate Nontechnical
Skills of Nurse Anesthetists. AANA J. 2016;84(2):122-7.

33. Dong, Peng CYJ. Principled missing data methods for research-
ers. SpringerPlus [Internet]. 2013 [cited 2024 Mar 17],2(1):222. Avail-
able from: https://springerplus.springeropen.com/articles/10.1186/
2193-1801-2-222.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


http://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-4-25
http://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-4-25
https://linkinghub.elsevier.com/retrieve/pii/S0007091217316331
http://www.tandfonline.com/doi/abs/10.1207/S15328015TLM1504_11
http://www.tandfonline.com/doi/full/10.3109/0142159X.2013.803062
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-024-01818-y
https://bmcnurs.biomedcentral.com/articles/10.1186/s12912-024-01818-y
https://springerplus.springeropen.com/articles/10.1186/2193-1801-2-222
https://springerplus.springeropen.com/articles/10.1186/2193-1801-2-222

	Psychometric evaluation of a structured assessment tool for nurse anesthetists’ non-technical skills
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Material and method
	Workshops
	Rater instructions
	Rater evaluation
	Analysis

	Results
	Rating “Not Relevant”
	Internal consistency
	Interrater reliability
	Test–retest reliability
	Rater evaluation

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


