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ABSTRACT
Introduction: Diverse tools dedicated to the assessment of various NTS components during cardiopulmonary resuscitation have been published for medical professionals, nevertheless there are no precise measures for the assessment
of emergency resuscitation relevant in the context of non-medical community. The aim of the study is to combine
and develop a valid and reliable nontechnical skills (NTS) tool for basic life support emergency resuscitation training
via simulation learning for flight attendant. Methods: (1) Selection and combination of relevant items into a draft instrument with a UKM specialist team. (2) Obtaining the expert’s review from various specialty for content validity. (3)
Instrument testing through pilot study on five recorded simulated case scenarios involving four different elements of
nontechnical skills (teamwork, communication, decision making & situation awareness) which were demonstrated
in a medical emergency (acute myocardial infarction) (4) Obtaining the internal consistency & inter-rater reliability
of the instrument. Results: Through expert review, selected items had been found to have an excellent total content
validity index of 1.00. A single mean of both raters yielded a good internal consistency of 0.77. Strong correlations
of both ratings from raters in each video ranging from 0.69 to 0.93 (p < .05). There was a good inter-rater reliability
(ICC 0.68) and a good agreement (Kappa 0.62 – 0.81) among raters. Conclusion: The CETAM was found to be a
reliable and valid instrument and should be beneficial for the measurement of NTS, nevertheless further evaluation
is required to fully determined its properties before reaching definitive conclusion.
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INTRODUCTION
Nontechnical skills (NTS) are critical in preventing
errors in healthcare (1-3). NTS covers good teamwork,
communication, situation awareness and decision
making (4). Errors occur in high stakes healthcare
environments, such as the operating room or the trauma
room, often owing the lack of nontechnical skills,
therefore assuring that medical professionals possess
adequate nontechnical skills is an essential part of
medical education. There is a developing interest in the
improvement of NTS and teamwork in medical practice
as they are thought to increase patients’ safety and

care efficiency (5). For the past several years, realistic
simulation methodology is presented as a methodological
teaching resource that allows the individual to enter
into a context that simulates. The simulation experience
promotes critical thinking and acquisition of NTS
which makes an advantageous strategy than traditional
medical education (6, 7). Thus, many institutions have
adopted training through simulation which allows
practice and skill development where the effect of errors
is minimal, moreover with the protected environment of
the simulation, the student has the opportunity to learn
by doing, making mistakes and learning from them (8).
In addition to improving nontechnical skills, there is a
need to document the skill levels to ascertain whether
they meet the standards and to evaluate the effectiveness
of training. To foster such improvement in nontechnical
skills, several assessments of nontechnical skills have
been developed (1, 9). However, limited evidence
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exists on the impact of healthcare professional’s NTS
development on patients’ outcome. The main barrier for
evaluating NTS impact on patients’ safety is the absence
of precise assessment techniques during simulation (5).
In the aviation industry, flight attendant manages critical
illness such as cardiac arrest and injury on a rare or
unplanned basis in regular flight. Furthermore, nearly of
all medical emergency cases had been handled alone
by flight attendant, because the first individual at the
scene of a medical emergency is often them instead of
a medical practitioner (10, 11). With limited assistance
within doubtlessly harsh condition prior to a definitive
care, results in working in a setting which requires
decisions to be made primarily based on the patient’s
chance of survival. For that reason, the importance of
NTS within these settings is evident which advocate the
necessities of high level of acquisition on nontechnical
skills. Cardiopulmonary resuscitation (CPR) is the most
frequently encountered medical situation over the last
several years (12). For this reason, emphasis on the
training has started to incorporate simulated clinical
scenario to evaluate the NTS and team performance
among flight attendants (13). In this context, diverse tools
dedicated to the evaluation of various NTS components
during cardiopulmonary resuscitation were published
over the past decades (14, 15) but, it is crucial to note
that the point of interest might not be relevant to the
contexts of non-medical community, which include
the aviation industry. To this point, no such behavior
rating systems were developed and applied within the
aviation industry. The use of such system allows reliable
and effective observational evaluation of personnel
engagement in passenger safety issues and measurement
and benchmarking of behaviors associated with the
implementation of NTS.
We intend to develop an easy to use tool to measure NTS
and their contribution to universal team performance
via the simulation conducted. Our aim was to ensure
this tool can be use in the aviation industries to assist
the training of BLS amongst flight attendants as a way to
promote the acquisition of NTS amongst professionals
in the non-medical community. As such, our aim was to
evaluate the reliability and validity of the resulting crew
Emergency Teamwork Assessment Measure (CETAM)
which involved developmental stages: (i) combination
and selection of items, and (ii) establishing the validity
and reliability of the instruments based on the pilot
testing of simulated emergency resuscitation by flight
attendants.
METHODS
This project was developed by a team of health
educationist from Universiti Kebangsaan Malaysia
(UKM) together with a collaboration from one of the
Airline Company in South East Asia. The instrument
was developed in two stages: to begin with, an in
depth review of the selected instrument particularly
2

for teamwork among healthcare professionals were
thoroughly screened by the panel of experts for the
criteria selection of suitable items in order to develop
a draft instrument which consist of NTS elements for
emergency resuscitation teamwork. Next, the drafted
instrument was then further review by the panel of experts
for content validity followed by instrument testing on
five recorded simulated emergency resuscitation (n = 5)
for internal consistency and inter-rater reliability.
Crew Emergency Teamwork Assessment Measure
(CETAM) Development
The Crew Emergency Teamwork Assessment Measure
(CETAM) was developed based on the combination of
elements from both validated instruments in assessing
NTS in teamwork which is Clinical Teamwork Scale
(CTS) (16) & Team Emergency Assessment Measure
(TEAM) (15). According to the team training in emergency
resuscitation among flight attendants in Asia context
(27), the NTS skills emphasize has been given on four
main elements which are effective teamwork among
team members in delegating works and information
pertaining to the emergency cases encountered,
communication between crew and flight deck crew
members in exchanging information and details,
situational awareness and decision making. Thus, these
four main elements were selected from both instruments
and further combined into a single draft instruments. All
of the items written with the descriptive definition as
well as the rating scale was adopted. These instruments
were reviewed by three different panel of experts in
order to identify the applicable categories, suitability
of the elements and items. This exercise led to a list of
eleven items grouped under four different elements:
teamwork (six items), communication (three items),
decision making (one item) & situational awareness (one
items) all rated on a scale of 0 to 10, and the scale values
are further anchored by the qualitative descriptors of
‘unacceptable’ (0), ‘poor’ (1-3), ‘average’ (4-6), ‘good’
(7-9) and ‘perfect’ (10). We decided to remove the other
elements from both instruments as these elements are
not aligned with the current teaching and practice of
NTS in the aviation academy related to the emergency
resuscitation (Table I).
The next step design required expert content to review
and rate the relevance of each items in the instruments
based on a 4 point Likert scale.
Content Validity
The face and content validity of the CETAM had been
assessed with a panel of three experts (EM, AE & ME)
associated with the context of simulation learning
amongst healthcare professionals with years of
experience in the related discipline (Table II). Each of
the selected experts was requested to independently
rate the relevance of the eleven CETAM items using a
4-point scale (1 = not relevant, 2 = somewhat relevant, 3
= quite relevant, 4 = highly relevant). Level of agreement
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Table I: Crew Emergency Teamwork Assessment Measure (CETAM)
components and descriptive anchor
Elements

Teamwork

Component

Description

The team communicated effectively

Verbal, non-verbal & written
forms of communication

The team work together to complete
task in a timely
manner

-

The team acted
with composure &
control

Applicable emotions/ conflict
management issues

The team morale
was positive

Appropriate support, confidence, spirit, optimism,
determination

The team monitored
& reassessed the
situation

-

The team anticipated potential actions

Preparation for defibrillator,
airway equipment

Orient new member
(SBAR)

Communication
Directed communication

Situational
Awareness

Decision
Making

As each new team member
joined the scenario, they
were oriented to the patient
situation through a systematic communication using the
format:
S (Situation)
B (Background)
A (Assessment)
R (Response)
Team members assign
requests (including orders)
either verbally or visually to
a specific person

Closed loop communication

Team members acknowledge request and report
back to the person issuing
an order or requesting a
specific action when the task
is complete

Resource allocation

Team members vigilantly
survey surroundings to be
aware of all human and
technological resources
available and how to access
them quickly

Prioritize

Clear, proper identification
and ranking of items, actions,
and/or issues pertinent to the
management of the clinical
situation

among experts was determined through calculating the
Content Validity Index (CVI) for each individual item
and the combined rating for the eleven items based on
the proportion of experts with a rating of 3 and 4 (17).
With five or fewer experts, the value of validity index for
each item (I-CVI) not lower than 0.78 can be considered
a reasonable presentation of the universe feasible score
(18) and the total content of the overall scale (S-CVI)
with the value of .80 or higher is acceptable (19 – 21).
Based on table II below, all items had a CVI of 1.00
(greater than 0.78) with a total item content of 1.00
(greater than 0.80) with the subsequent retention of all
eleven objects.
CETAM Validity & Reliability Through Pilot Testing
The CETAM was pilot tested on flight attendants who
attended a refresher training in their respective airline
academy through a half-day session of first aid training.
The group ranging from 10 to 15 members, however
only five (n =5) members were selected to be part of
the simulated resuscitation training. The selected team
led one simulation based scenario specifically designed
with the integration of knowledge, technical skills and
most importantly, the elements of NTS. Prior to the
event, all members consented to the study and briefed
accordingly on the intention of the simulation training on
the criteria and elements expected to be observed. The
scenarios conducted are completely recorded for the
purpose of video evaluation with the aid of the selected
raters using CETAM. Two raters (anesthesiologist [AE],
medical educationist [ME]) independently viewed the
unidentified videos in no particular order and were asked
to score the elements of NTS using the CETAM. In regard
to the development of this tool, we do not emphasize
the raters training session considering the fact that our
primary aim was to develop a tool that would be utilized
by the professionals in the particular area (aviation) for
their personal assessment in normal practice. Aside from
it, the professionals in aviation industry were trained
in the principles of CRM (crew resource management)
which is sufficient for knowledge and skills for human
errors and team training (Fig 1).

Table II: Content Validity Index for CETAM
Item

Expert 1 (EM)

Expert 2 (AE)

Expert 3 (ME)

No of agreement

Teamwork (Component 1)

√

√

√

3

1.00

Teamwork (Component 2)

√

√

√

3

1.00

Teamwork (Component 3)

√

√

√

3

1.00

Teamwork (Component 4)

√

√

√

3

1.00

Teamwork (Component 5)

√

√

√

3

1.00

Teamwork (Component 6)

√

√

√

3

1.00

Communication (Comp 1)

√

√

√

3

1.00

Communication (Comp 2)

√

√

√

3

1.00

Communication (Comp 3)

√

√

√

3

1.00

Situational Awareness

√

√

√

3

1.00

Decision Making

√

√

√

3

1.00
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Table III: Internal consistency of CETAM with Cronbach Alpha coefficient

Figure 1: The summary of a simulation based program

Ethical Considerations
Ethics approval was obtained from the Faculty of
Health Sciences, Universiti Kebangsaan Malaysia
(UKM) Research Committee (NN-2017-105) on
Ethical Research in humans. Following approval, flight
attendants were given both oral and written information
about the study and invited to participate by the author
with the help of the academy administration team. In
accordance with the ethical guidelines, the principles of
informed consent, voluntary participation and the right
to withdraw without penalty were cautiously explained
to the participants, in addition to requirements regarding
confidentiality, data anonymity and secure handling of
video files. The written consent was obtained from all
30 flight attendants.
Data Analysis
Data analyses were carried out using IBM SPSS version
22.0 & MedCalc version 17.2. Most analysis were carried
out by using IBMM SPSS except for the Weighted Kappa
analysis which were carried out by using MedCalc.
Content Validity was determined via calculating the
Content Validity Index (CVI). Reliability of the CETAM
was tested via Cronbach Alpha Coefficient for internal
consistency, in addition to Intraclass Correlation
Coefficient and Weighted Kappa technique for interrater reliability.

Recorded video

Mean

SD

1

4.28

.261

2

4.28

.261

3

4.09

.202

4

3.90

.301

5

3.90

.375

Table IV: Score correlations between pairs of raters across scenarios
Recorded
Video

Correlation Coefficient (rho)

P

1

0.69

< 0.05

2

0.75

< 0.05

3

0.84

< 0.05

4

0.93

< 0.05

5

0.81

< 0.05

Table V: The Intraclass Correlation Coefficient of interrater reliability

Single measures b

Inter-rater reliability
All of the five recorded-simulated resuscitation
teamwork scenarios was used to determine the interrater reliability by examining the level of agreement
between both raters on the scale scores of CETAM. A
4

.773

Spearman Correlation Coefficient was used to determine
the correlation between raters scores across the five
different scenarios (Table IV). The overall item score
correlations between raters for all five different scenarios
were moderate to strong ranging between 0.69 to 0.93.
The mean intra-class correlation coefficient of interrater reliability (Table V) was also good at 0.69 (23).
The degree of agreement was also determined by using
Weighted Kappa method whereby this method was
more suitable to assess the rate of agreement for ordinal
scales form of instruments (Table VI). As such, the values
between 0.6 to 0.8 indicate good substantial agreement,
and levels exceeding 0.8 are considered excellent (24).
The overall agreement between the two raters (AE & ME)
ranging from 0.62 to 0.81 which is good inter-observer
agreement. When there was no agreement on each
scale, there was only one-point difference in the ratings,
for instance an allocation of ‘4’ by one rater and ‘5’ by
another.

RESULTS
Reliability of items
To establish the internal consistency/reliability of the
eleven individual CETAM items, a Cronbach Alpha
coefficient (Table III) was calculated based on ratings
of the five recorded-simulated resuscitation teamwork
scenarios by both raters (AE & ME). Ideally, the Cronbach
Alpha coefficient of a scale should be above 0.70 (22).
This analysis on a single mean by both raters yielded an
alpha coefficient of 0.77.

Cronbach’s Alpha

Intraclass
Correlationa

95% Confidence Interval

0.180

0.044 to 0.477

Average measures c
0.687
0.314 to 0.901
a
The degree of absolute agreement among measurements.
b
Estimates the reliability of single ratings.
c
Estimates the reliability of averages of k ratings.

Table VI: The degree of agreement between pairs of raters across scenarios
Recorded Video

Weighted Kappa

Interpretation

1

0.62

Good

2

0.65

Good

3

0.76

Good

4

0.81

Excellent

5

0.65

Good
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DISCUSSION

agreement, there was only a single point difference in
the rating scale for every item.

With the rising medical emergencies reported onboard,
it’s far important to emphasize simulation training as
part of the global suggestions to ensure patient safety
and reducing preventable safety events. It’s important
to have tools which could evaluate the effectiveness of
nontechnical skills training via simulation interventions,
nevertheless the current available nontechnical skills
measurement tools did not meet the requirement for
aviation training since it was particularly tailored to
the curriculum or the applications in which unit or
medical institution workforce desire to evaluate their
nontechnical skills in the course of emergencies or every
day clinical care for both during simulation or daily
exercise (1).
The Crew Emergency Teamwork Assessment Measure
(CETAM) tools presented in this article were originally
adopted and modified with a combination from two
different tools, thus we tend to adhere to the original
intention of the tools in which the tool designed as a
universal measure for nontechnical elements which
could be incorporated into different curriculum (15,
16). The value of Cronbach Alpha coefficient reported
previously was 0.89 with an ICC value of 0.53, content
validity index (CVI) of 0.96 & inter-rater agreement
(Kappa) of 0.78 (15,16). In this context, it is proven that
the feasibility and usability of the original elements works
best in the aviation industry with several modifications
on the definition of each element related to the aviation
settings. It is also applicable to the aviation institution
(the airline academy) which represents the teaching
environments. This tool is intended to provide an
overall evaluation by a group of flight attendant working
together in a medical emergency through simulation
exercise rather than several other nontechnical skill
tools documented in the literature, in which majority of
these tools were designed to evaluate nontechnical skills
of individuals or as a team in a different and specific
clinical settings (1).
Considering the fact that CETAM was developed using
quantitative and qualitative research strategies with the
input from the expertise range from skilled clinician and
academicians, the outcomes suggest that the contents of
the instruments are legitimate as validated by means of a
high total Content Validity Index (1.00). The instruments
have a good internal consistency (0.77) and a good interrater reliability demonstrated by the moderate to strong
correlations of both ratings from raters for each element
in each video ranging from 0.69 to 0.93. Apart from it,
the Intraclass Correlation Coefficients (ICC) were good
(0.68) as suggested by (23) based on the scale of 0.50
– 0.74 to be ‘good’ & above 0.75 to be ‘excellent’. The
inter-rater agreements from both raters using Weighted
Kappa statistic were also ‘good’ & ‘excellent’ ranging
from 0.62 – 0.81 based on the scale 0.61 – 0.80 ‘good’
& 0.81 – 1.00 ‘excellent’ (24) and whilst there was no

In the process of developing and validating this tools,
like any other researcher, is not without any limitations.
Based on the statistical output above, we would consider
this tools to be feasible especially in the ‘real time’
testing but with some concerns over the issues such
as the expertise of the selected raters. Since this tools
concentrate on the elements of nontechnical skills rather
than the technical skills aspects, it is unclear whether
the raters from different profession, exposure and
clinical experiences provided more reliable ratings (25).
Though both raters had a good exposure and experience
in conducting simulation learning, nevertheless this
tools were developed specifically for aviation industry
whereby the participants for the simulation interventions
were ‘layman’ in a non-medical community. On top of
it, the setting for this simulation training represent the
medical emergencies in an aircraft setting which we find
it a barrier for the raters to have better understanding
of the situation to provide better ratings. It is possible
that the amount of experience in an occupation may
influence the quality of the ratings which can be
seen based on value of Kappa obtained above (26).
Unfortunately, most studies failed to investigate whether
experience was related to ratings quality but in this
context, we suggest rater training as a vital element for
obtaining accurate and reliable ratings.
The scenarios designed and implemented in this study
should be designed to provide multiple opportunities to
observe behavior of interest. Typically, a longer scenario
contains more opportunities for observation, unless
each of the elements were specifically incorporated
on each segments of the scenario. In this context, a 6
– 10 minutes’ duration of scenario with high element
of interactivity was designed to ensure the nontechnical
skills can be observed, unfortunately the setting of this
scenario involved relocating the victim from the aircraft
seats, immediate chest compression and utilization of
AED automatically affects the participants to act on the
technical skills rather than the nontechnical skills. It
is difficult for the rater to assess the relevant elements
distinctly in a short time frame with minimal behavior
expressed in the scenes. As such, we estimated more
specifically designed scenarios for the nontechnical
skills elements together with more number of scenarios
to be observed by the raters to increase the reliability of
the ratings.
CONCLUSION
Following development and preliminary testing in
a simulated environment, the CETAM has emerged
as a valid, reliable and feasible nontechnical skills
measurement tool for the assessment of basic life
support training for flight attendant related to emergency
resuscitation performance. The instruments will allow
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team overall performance assessment and feedback via
simulation training on flight attendants that’s likely to
improve their performances with the intention to have
an impact on patient’s safety onboard. To that end,
we have now applied the tool for the assessment of
nontechnical skills training in an emergency heart attack
simulated case scenario in length of 10 minutes over
150 flight attendants. With that, we discovered it useful
in assisting the aviation team to conduct debriefing and
we’re continuing to evaluate the tool to achieve further
information before attaining definitive conclusions.
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