“\' frontiers ‘ Frontiers in Cardiovascular Medicine

ORIGINAL RESEARCH
published: 15 July 2022
doi: 10.3389/fcvm.2022.840114

OPEN ACCESS

Edited by:

Lukasz Szarpak,

Maria Sktodowska-Curie Medical
Academy, Poland

Reviewed by:

Gerard Bury,

University College Dublin, Ireland
Stephan Marsch,

University Hospital of Basel,
Switzerland

*Correspondence:
Sabine Nabecker
sabine.nabecker@sinaihealth.ca

Specialty section:

This article was submitted to
Cardiovascular Epidemiology
and Prevention,

a section of the journal

Frontiers in Cardiovascular Medicine

Received: 20 December 2021
Accepted: 06 June 2022
Published: 15 July 2022

Citation:
Nabecker S, Huwendiek S,

Check for
updates

Assessment of Human Factors After
Advanced Life Support Courses
Comparing Simulated Team and Real
Team Assessment: A Randomized
Controlled Cohort Trial

Sabine Nabecker'234*, S6ren Huwendiek®, Christian Seidl¢, Anisa Hana’,
Lorenz Theiler® and Robert Greif'39

" Department of Anesthesiology and Pain Medicine, Bern University Hospital, University of Bern, Bern, Switzerland,

2 Department of Anesthesiology and Pain Management, Sinai Health System, University of Toronto, Toronto, ON, Canada,
5 ERC Research NET, Niel, Belgium, * Graduate School for Health Sciences (GHS), University of Bern, Bern, Switzerland,

5 Department for Assessment and Evaluation, Institute for Medical Education, University of Bern, Bern, Switzerland, ¢ EMS
Rescue Service of the Canton Basel-Stadlt, Basel, Switzerland, ” Department of Intensive Care Medicine, Laurentius
Hospital, Roermond, Netherlands, ¢ Department of Anesthesia, Kantonsspital Aarau, Aarau, Switzerland, ° School

of Medicine, Sigmund Freud University Vienna, Vienna, Austria

Aim: Human factors are essential for high-quality resuscitation team collaboration
and are, therefore, taught in international advanced life support courses, but their
assessment differs widely. In Europe, the summative life support course assessment
tests mainly adhere to guidelines but few human factors. This randomized controlled
simulation trial investigated instructors’ and course participants’ perceptions of human
factors assessment after two different summative assessments.

Methods: All 5th/6th-year medical students who attended 19 advanced life support
courses according to the 2015 European Resuscitation Council guidelines during one
study year were invited to participate. Each course was randomized to either: (1)
Simulated team assessment (one instructor simulates a team, and the assessed person
leads this “team” through a cardiac-arrest scenario test); (2) Real team assessment (4
students form a team, one of them is assessed as the team leader; team members
are not assessed and act only on team leader's commands). After the summative
assessments, instructors, and students rated the tests’ ability to assess human factors
using a visual analog scale (VAS, 0 = no agreement, 10 = total agreement).

Results: A total of 227 students participated in the 1-day Immediate Life Support
courses, 196 students in the 2-day Advanced Life Support courses, additionally 54
instructors were included. Instructors judged all human factors significantly better in real
team assessments; students rated leadership and situational awareness comparable
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between both assessments. Assessment pass rates were comparable between groups.

Conclusion: Summative assessment in real teams was perceived significantly better
to assess human factors. These results might influence current summative assessment
practices in advanced life support courses.
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INTRODUCTION

The incidence of cardiac arrests ranges between one and five
cardiac arrests per 1,000 hospital admissions (1), and 67-170
per 1,000,000 citizens (2). Cardiopulmonary resuscitation (CPR)
is a key skill that all health care professionals should master
in order to improve patient outcomes after cardiac arrests.
Especially faster and more efficient in-hospital cardiopulmonary
resuscitation and early defibrillation can improve patient
outcomes significantly (1-3).

All health care professionals should be proficient in basic life
support measures (4, 5) and should be regularly trained in small
groups with a maximum instructor to participant ratio of 1:6 (6).
Health care professionals who regularly treat cardiac arrests need
to participate in Advanced Life Support (ALS) courses to improve
their patients’ outcomes (7, 8). Those health care professionals
who are infrequently involved in cardiac arrest management
should at least participate in Immediate Life Support (ILS)
courses (4, 9).

During a cardiac arrest, physicians usually assume the role
of the team leader and need to be proficient in guiding an
interdisciplinary resuscitation team through the management of
a cardiac arrest. The 2015 and 2021 Guidelines of the European
Resuscitation Council (ERC) emphasize that team membership
and leadership training are essential (5, 9-11).

Prerequisites for proper team performance were identified
earlier, and include: team leadership, task management,
teamwork, situational awareness, decision-making, adaptability,
event and mission analysis, and communication (12, 13). ERC
ALS courses include training of technical skills, adherence to
current resuscitation guidelines, and training of human factors
focusing on team membership and leadership, task management,
communication, and situational awareness (14).

Different approaches to assessing human factors in different
fields were described (e.g., the ANTS framework, the Oxford
NOTECHS, the Mayo High performance teamwork scale, the
adapted LOSA checklist from aviation, the Queen’s Simulation
Assessment Tool, etc.) (12, 15-18). The paradigm shift to also
include human factor training in cardiopulmonary resuscitation
courses took place over the last years, however, the practical
end-of-course summative assessment has remained largely
unchanged and tests predominantly the participants’ ability
to adhere to current resuscitation guidelines. Currently, the
ERC uses simulated team assessments of one candidate
during the summative practical end-of-course assessment.
One instructor simulates a team, the assessed person leads
this “team” through a cardiac arrest scenario test. Other
organizations like the American Heart Association use real
team assessments, where a group of participants forms a
team. One of them is then assessed as the team leader; the
team members are usually not assessed and act only on the
commands of the team leader. There is currently no evidence
available as to what extent different assessment methods can
test human factors.

Therefore, the aim of this study was to investigate which
variant of these two different summative end-of-course
assessment methods is perceived as being superior in their

ability to assess human factors, as judged by instructors
and students. This is an evaluation of the opinions of
course participants and instructors, the null hypothesis
was that there is no difference between leadership skills
comparing both assessment methods. The results of this
study might influence the development of a different
assessment approach in such cardiopulmonary resuscitation
courses.

MATERIALS AND METHODS
Participants and Ethics

After reviewing the protocol, the Cantonal Ethics Committee of
Bern, Switzerland (Req-2017-00579, 07.08.2017) judged the study
as non-human research according to the Swiss Human Research
Act. After registration at clinicaltrials.gov (NCT 03381443),
this randomized controlled simulation trial was performed
at the University of Bern, Switzerland between December
2017 and March 2019.

All 5th-year medical students in the study year 2017/2018
took the mandatory 8-h ILS course; all 6th-year medical
students the 16-h ALS course. These courses followed
the 2015 ERC course structure and students earned an
internationally valid certification (9). All course instructors
were ERC certified ILS/ALS instructors. With written
informed consent from all participants and instructors,
all assessments were video recorded. Course participants
participated only once, whereas most instructors participated
more than once.

Procedures

The advanced life support courses ended with a mandatory
summative assessment that used four different, validated ERC
cardiac arrest scenario tests (19). All courses were randomized
to one of two different assessment methods:

1. Simulated team assessment: One instructor mimes a
whole team, and the assessed course participant acts as
team leader, leading this “team” through a cardiac arrest
scenario test. This is the current standard ERC ILS/ALS
course assessment.

2. Real team assessment: Four course participants are
together in the assessment room and form a team.
However, only the predefined team leader is assessed, all
other team members act as resuscitation team, but they are
not allowed to help the team leader with medical decisions
and act only on commands of the assessed team leader.
This corresponds to the American Heart Association
Advanced Cardiac Life Support course assessment.

Randomization

All participants were scheduled for their respective courses
by the University of Bern, the study team had no influence
on which participant attended which course. Due to the
study design, each course was randomized, not the individual
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Assessed for eligibility (n=428)
Altogether 19 courses

Excluded (n=1)

+ Not meeting inclusion criteria (n=0)
+ Declined to participate (n=1)

+ Other reasons (n=0)

Randomized (n=427)
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FIGURE 1 | Consort flow diagram.

Allocated to simulated team assessment (n=219) [ Allocation ]Allocated to real team assessment (n=208)

+ Received allocated intervention (n=219) + Received allocated intervention (n=208)

+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)

Altogether 10 courses. Altogether 9 courses.

v [ Primary Analysis ]

Analysed (n=217) Analysed (n=206)

+ Excluded from analysis (did not consent for + Excluded from analysis (did not consent for

publication of their data) (n=2) publication of their data) (n=2)

+ 1 day ILS-course (n=111) — 5 courses + 1 day ILS-course (n=116) — 5 courses

+ 2 day ALS-course (n=106) — 5 courses + 2 day ALS-course (n=90) — 4 courses

v [ 1-year Follow-Up ] VL
\S J

Lost to follow-up (give reasons) (n=139) Lost to follow-up (give reasons) (n=112)

¢ 2 day ALS-course participants had left + 2 day ALS-course participants had left
university, unable to contact (n=106) university, unable to contact (n=90)

+ did not participate in 2 day ALS-course the + did not participate in 2 day ALS-course the
following year or did not return questionnaire following year or did not return questionnaire
(n=33) (n=22)

v [ Second Analysis ] v
AN J
Analysed (n=78) Analysed (n=94)
¢ Excluded from analysis (n=0) + Excluded from analysis (n=0)

participant. Randomization was performed using the online
software “Research Randomizer'.”

Data Analysis
Participants provided general characteristics including age,
gender, primary language, experience as an instructor or real-life
CPR experience, number of courses taught, and registration as
Bern First Responder.

After the assessment, all course participants answered a
questionnaire on their opinion to what extent the assessment

Uhttps://www.randomizer.org

was able to assess human factors such as team leadership, team
membership, communication skills, team management skills,
and situational awareness. They rated their self-assessed level of
competence as a team member and team leader and judged their
need for further training as a team member or team leader. In
addition, they were asked to judge the assessment’s ability to
test medical resuscitation knowledge and technical CPR-skills.
All measurements used a visual analog scale (VAS) ranging
from 0 to 10, where 0 meant no agreement and 10 meant total
agreement. Participation in the study was voluntary and had no
effect on the medical students’ grading at the university (20). All
participating ILS/ALS instructors were also asked to fill out the
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same questionnaire, once after each assessment day, not after
each individual assessment. The primary outcome parameter is
the difference in team leadership assessment in participants’ and
instructors’ opinions.

After 1 year, participants of the former ILS-course were asked
to fill out a follow-up questionnaire before they took their 6th-
year ALS-course. Participants of the original ALS-course could
not take part in the follow-up, because they had already graduated
from university and were not accessible to the study team.

For pass or fail ratings of the assessments, the official ERC
course-grading scheme on the official ERC ALS scenario test
assessment forms was used. Participants are judged for each
parameter on a scale from 1 to 4 (1 = outstanding, 2 = adequate,
3 = marginal, 4 = insufficient).

Statistics

No formal sample size calculation was performed as we did not
find any literature to base such a calculation on. All students
of the entire study year taking these advanced life support
courses were included.

Statistical analysis was performed using the software STATA
version 16.0 (StataCorp LT, TX, United States). Descriptive
statistics analyzed participants’ characteristics by using either a
t-test or Chi-square test as applicable. Questionnaire results were
non-parametric and therefore Mann-Whitney-U test was used
to evaluate them. Assessment sub-items were evaluated using
Chi-square tests. Data are presented as value (percentage) or
mean + SD (95% CI)—we opted to visualize our data with
mean =+ SD to allow for better comparability as the data was not
that skewed compared to the median (interquartile range). We
considered a two-sided p-value < 0.05 as statistically significant.

RESULTS

A total of 427 medical students participated in the study (in
19 courses), and one declined participation. Figure 1 shows
the Consort Flow Diagram. Four students had to be excluded
from the analysis because they withdrew their consent to
publication after participating in the advanced life support course
and assessment. In the 1-day ILS-course, 111 students were
randomized to the simulated team assessment, and 116 to the
real team assessment (5 courses each). In the 2-day ALS-course,
106 students to the simulated team assessment (5 courses), and
90 to the real team assessment (4 courses). The 1-year follow-up
reached 172 students, 78 from the simulated team assessment and
94 from the real team assessment.

A total of 54 instructors participated in the study; they were
aged 39 &£ 8 years; 17 (31%) were women; the primary language
reported was: 51 German (94%), 2 French (4%), and 1 (2%)
other; mean experience as the instructor was 4 + 4 years;
courses taught before participating in the study: 3 £+ 2; 17
(31%) were registered Bern First Responders. Most instructors
participated more than once.

Participating instructors judged the real team assessment
overall significantly better than the simulated team assessment
(p = 0.029, Table 1). All human factors were judged significantly

TABLE 1 | Usefulness of the assessment method to assess human factors as
perceived by the instructor.

Characteristic/Assessment  Simulated team  Real team  P-value?
(n=49) (n = 40)

Team leader 56+24 72+25 <0.01
(5.0-6.3) (6.5-8.0)

Team member 1.9+22 3.6+29 <0.01
(1.3-2.6) (2.7-4.5)

Communication 39+27 6.1 £ 3.0 <0.01
(8.1-4.7) (5.2-7.1)

Team management 3.7+ 3.0 6.7+25 <0.01
(2.8-4.6) (5.9-7.5)

CPR skills 3.4+32 59+3.2 <0.01
(2.5-4.3) (4.9-6.9)

Knowledge 72+18 71+22 0.842
6.7-7.7) (6.4-7.8)

Situational awareness 6.1+24 71+22 0.024
(5.4-6.8) (6.4-7.8)

Assessment overall 57+19 6.5+27 0.029
(5.2-6.3) (5.6-7.3)

Data are mean £+ SD (95% Cl).Values: VAS, Visual Analog Scale (0-10).
aMann-Whitney-U test. Altogether 54 instructors participated in the study, some
instructors participated more than once. This table shows the answers from each
instructor after 1 day of assessments, not after each individual assessment.

better in the real team assessment (p < 0.01 to 0.024), and
so was the ability to test CPR skills (p < 0.01). In contrast,
knowledge could be tested equally well with both assessment
methods (p = 0.842, Table 1).

Table 2 shows details of the participating students’
characteristics. Of note, even though courses were randomized,
we found in the 2-day ALS course cohort in the real team
assessment group significantly more women (67% vs. 38% in
the simulated team assessment group, p < 0.01). Also regardless
of randomization, more registered Bern First Responders were
found in the 2-day ALS course assessed with the simulated
team assessment method (15% vs. 2% for team assessment,
p < 0.01).

After 1 year, in the ILS cohort, 22 students reported
having resuscitated a patient in real life after passing the
last year’s ILS-course (15 in the simulated team assessment
group, 7 in the real team assessment group). Additional 11
students were recruited as Bern First Responders (4 in the
simulated team assessment group and 7 in the real team
assessment group).

Details of the students’ subjective ratings of their assessments
are displayed in Table 3. Self-assessed competence as a team
member was judged significantly better for the real team
assessment (ILS-course p = 0.032; ALS-course p < 0.01). Real
team assessment was judged consistently significantly better in
the ability to assess team membership, communication skills,
team management skills, and CPR skills (all p < 0.01). Situational
awareness was judged only in the ILS-course cohort in favor of
real team assessments (p = 0.023, Table 3).

In the 1-year follow-up, both
competence as a team member

the
and

self-assessed
team leader
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TABLE 2 | Course participants’ characteristics.

Characteristic 1-day ILS-course

2-day ALS-course

Assessment Simulated team Real team Simulated team Real team
n=111 n=116 P-value n =106 n =90 P-value

Age, years 245+1.7 246 +2.7 0.8332 26.0 +1.8 256+ 1.9 0.1112

(24.2-24.9) (24.1-25.1) (25.7-26.4) (25.2-26.0)
Female 72 (65) 69 (59) 0.403° 40 (38) 60 (67) <0.01°
Primary language
- German 97 (87) 96 (83) 0.342P 91 (86) 85 (95) 0.112P
- French 8 9 (8) 6 (6) 3(3)
- Other 5 11(9) 9(8) 2(2)
Real life CPR experience 6 (5) 0.803° 31 (29) 23 (26) 0.564°
Bern First Responder 22 (19) 0.359° 16 (15) 22 <0.010

at_test, PChi-square test. ILS, Immediate Life Support; ALS, Advanced Life Support; CPR, cardiopulmonary resuscitation. A First Responder is a trained layperson or
healthcare professional who is dispatched via an app to a medical emergency in addition to an ambulance. Data are value (percentage) or mean + SD (95% CI).

TABLE 3 | Course participants self-evaluation and usefulness of the assessment method to assess human factors as perceived by the course participants.

Characteristic

1-day ILS-course

2-day ALS-course

Assessment Simulated team Real team Simulated team Real team
n=111 n=116 P-value?® n =106 n =90 P-value®

Competent as team member 71+£16 76+12 0.082 72+1.7 7.8+1.5 <0.01
(6.8-7.4) (7.4-7.9) (6.9-7.6) (7.5-8.1)

Further training as team member needed 6.4+23 58+29 0.189 6.8+26 5.5+ 3.1 <0.01
(6.0-6.8) (5.3-6.4) (6.3-7.3) (4.9-6.2)

Competent as team leader 58+1.8 6.0+1.8 0.422 57+22 6.0+19 0.286
(5.4-6.1) (5.7-6.3) (5.3-6.1) (5.6-6.4)

Further training as team leader needed 84+16 82+18 0.791 8.7+15 8.1+20 0.064
(8.1-8.7) (7.9-8.5) (8.4-8.9) (7.7-8.5)

Team leader 81+1.8 85+ 1.2 0.327 75+23 8.0+20 0.145
(7.7-8.4) (8.3-8.7) (7.1-8.0) (7.6-8.4)

Team member 42+34 6.0+29 <0.01 4.0+33 53+33 <0.01
(8.5-4.8) (5.5-6.6) (3.4-4.6) (4.6-6.0)

Communication 6.7 +£2.3 76+18 <0.01 59+ 3.0 7.44+£25 <0.01
(6.3-7.1) (7.3-8.0) (5.3-6.5) (6.9-7.9)

Team management 6.4+26 8.1+16 <0.01 5.7 £ 31 7.7+23 <0.01
(5.9-6.9) (7.8-8.4) (6.1-6.9) (7.2-8.2)

CPR skills 59+ 3.3 7.8+20 <0.01 58+ 3.4 71+26 <0.01
(5.3-6.6) (7.5-8.2) (5.1-6.5) (6.6-7.7)

Knowledge 7.0+20 71+19 0.734 7.8+15 76+19 0.585
(6.6-7.3) (6.8-7.5) (7.6-8.1) (7.2-8.0)

Situational awareness 78+ 16 82+16 0.023 80+19 8.0+22 0.673
(7.5-8.1) (7.9-8.5) (7.7-8.4) (7.6-8.5)

Assessment overall 79+18 82+14 0.515 75+23 75+21 0.756
(7.6-8.3) (8.0-8.5) (7.0-7.9) (7.0-7.9)

Data are mean + SD (95% CI). ILS, Immediate Life Support; ALS, Advanced Life Support; VAS, Visual Analog Scale (0-10); CPR, cardiopulmonary resuscitation.

aMann-Whitney-U test.

were comparable (p =
member and team leader

0.194 and 0.372).
competences

The team
dropped for

both assessment methods (all p < 0.01). All students
agreed at the time of the follow-up that further
training is necessary for team members and leaders (all
p > 0.05).

Table 4 shows the detailed results of the assessments. ILS
course participants had a first attempt cardiac-arrest simulation-
test passing rate of 80-84%; whereas ALS course participants
in 92-95%. The detailed results are comparable between
both course types and assessments, but some items scored
differently (Table 4).
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DISCUSSION

Instructors of advanced life support courses judge the real
team assessment overall significantly better and rate its

ability to test all human factors and CPR-skills better
compared to the simulated team assessment. Participating
students agree that team membership and management,
communication, and CPR skills were better assessed by

TABLE 4 | Objective results from the official European Resuscitation Council cardiac arrest scenario teaching forms as judged by the instructors.

Characteristic

1-day ILS course

2-day ALS course

Assessment Simulated team Real team P-value?® Simulated Team Real team P-value?®
n=111 n=116 n =106 n =90
Overall Result
First attempt successful 93 (84) 93 (80) 0.480 101 (95) 83 (92) 0.378
Detailed Results
ABCDE* 17/49/18/4 17/54/39/1 0.065 57/34/12/1 51/28/7/0 0.673
(19/56/20/5) (15/49/35/1) (65/33/11/1) (59/33/8/0)
Oxygen and vascular access* 28/45/16/2 29/76/2/0 < 0.01 58/43/4/0 55/31/3/0 0.652
(31/49/18/2) (27/71/2/0) (55/41/4/0) (62/35/3/0)
Recognizes condition* 28/36/14/11 14/52/16/13 0.053 69/27/8/1 58/20/6/0 0.811
(31/41/16/12) (156/54/17/14) (65/26/8/1) (69/24/7/0)
Gives medication* 18/31/10/21 20/27/8/33 0.408 60/27/13/1 62/15/6/2 0.169
(22/39/13/26) (23/31/9/37) (59/27/13/1) (73/18/7/2)
Further medication* 7/18/4/35 8/23/8/33 0.659 33/34/15/5 29/21/12/4 0.823
(11/28/6/55) (11/32/11/46) (38/39/17/6) (44/32/18/6)
Other treatment* 2/15/2/38 7/12/9/39 0.078 28/24/18/5 31/20/11/7 0.514
(4/26/4/66) (10/18/14/58) (87/32/24/7) (45/29/16/10)
Recognizes arrest* 65/33/8/3 61/48/6/1 0.264 76/25/4/0 67/17/6/0 0.511
(60/30/7/3) (53/41/5/1) (72/24/4/0) (74/19/7/0)
Call for help* 44/29/10/20 38/48/8/8 0.015 30/38/16/4 43/25/6/0 < 0.01
(43/28/10/19) (387/47/8/8) (34/43/18/5) (58/34/8/0)
CPR 2 min* 67/37/4/1 61/48/3/0 0.422 74/26/3/1 68/16/3/0 0.544
(61/34/4/1) (54/43/3/0) (71/25/3/1) (78/18/4/0)
Airway* 57/47/3/0 45/62/2/1 0.201 65/30/2/1 69/16/2/1 0.278
(53/44/3/0) (41/56/2/1) (66/31/2/1) (79/18/2/1)
Monitoring* 62/38/3/2 54/49/0/1 0.153 66/26/3/0 61/21/3/0 0.917
(59/36/3/2) (52/47/0/1) (70/27/3/0) (72/25/3/0)
Epinephrine* 61/34/6/5 47/44/12/10 0.088 75/18/7/2 62/19/4/1 0.787
(57/32/6/5) (41/39/11/9) (73/18/7/2) (73/20/6/1)
Reversible causes* 37/35/16/10 8/42/24/14 < 0.01 55/35/7/2 46/23/11/2 0.458
(38/36/16/10) (9/48/27/16) (56/35/7/2) (56/28/14/2)
Recognizes rhythm change* 68/31/5/3 75/36/3/1 0.587 85/16/3/1 66/18/2/1 0.794
(63/29/5/3) (65/31/3/1) (81/15/3/1) (76/21/2/1)
Defibrillation* 67/31/6/4 73/41/1/0 0.029 85/16/3/1 68/15/3/2 0.858
(62/29/5/4) (63/36/1/0) (81/15/3/1) (77/17/4/2)
CPR 2 min* 68/35/2/0 70/41/2/1 0.769 79/22/2/0 68/15/1/1 0.621
(65/33/2/0) (61/36/2/1) (77/21/2/0) (80/18/1/1)
Recognizes rhythm change* 64/30/3/3 61/41/1/2 0.414 83/16/2/1 59/17/1/1 0.743
(64/30/3/3) (58/39/1/2) (81/16/2/1) (76/22/1/1)
Further Epinephrine* 40/31/6/15 26/37/10/9 0.142 34/26/23/3 34/22/8/7 0.050
(43/34/7/16) (82/45/12/11) (40/30/27/3) (48/31/11/10)
Minimizes interruptions* 61/32/3/1 58/38/5/2 0.742 68/32/1/1 63/14/4/1 0.074
(63/33/3/1) (56/37/5/2) (67/31/1/1) (77/17/5/1)
Defibrillation* 57/28/9/5 42/44/9/4 0.115 78/16/8/3 61/14/3/2 0.722
(58/28/9/5) (42/45/9/4) (74/15/8/3) (76/18/4/2)
(Continued)
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TABLE 4 | (Continued)

Characteristic 1-day ILS course

2-day ALS course

Assessment Simulated team Real team P-value? Simulated Team Real team P-value?
n=111 n=116 n =106 n =90

Detailed Results

CPR 2 min* 65/29/2/1 53/37/6/0 0.159 74/23/3/0 61/16/1/1 0.557
(67/30/2/1) (55/39/6/0) (74/23/3/0) (77/21/1/1)

Recognizes rhythm change* 58/30/1/2 48/45/5/0 0.039 76/24/2/0 65/18/1/1 0.679
(64/33/1/2) (49/46/5/0) (75/23/2/0) (77/21/1/1)

Signs of life* 51/32/4/2 44/46/3/2 0.395 70/26/6/0 66/18/1/1 0.186
(57/36/5/2) (46/49/3/2) (69/25/6/0) (77/21/1/1)

Post resuscitation care* 31/36/11/1 14/39/11/1 0.156 46/36/4/1 39/22/4/1 0.779
(39/46/14/1) (22/60/17/1) (53/41/5/1) (59/33/6/2)

Data are value (percentage). ILS, Immediate Life Support; ALS, Advanced Life Support; CPR, cardiopulmonary resuscitation. Scale: 1 = outstanding, 2 = adequate,
3 = marginal, 4 = insufficient. ABCDE, Airway, Breathing, Circulation, Disability, Exposure/Environment. *Missing values, Chi-square test.

the real team assessment. However, students rated the
assessments as comparable in the following categories: the
assessment in general, team leadership, and knowledge.
Situational awareness was only rated better in the 1-
day ILS course, whereas judged as comparable in the
2-day ALS course.

Our course participants self-assessed their competence as
team members higher than as team leaders, regardless of the
assessment method used. They also agreed that further training
as a team leader is more important than team membership
training. These findings are consistent with findings from other
researchers (21, 22).

The importance of training human factors in
cardiopulmonary resuscitation courses is well established
(23-25). Resuscitation teams who applied human factors
efficiently also performed better in technical resuscitation skills
(26). If a team leader performs hands-on procedures, the whole
team is less effective (27). Prior participation in an advanced life
support course improved the team leader’s ability to stay hands
off (27). Nowadays, all courses include team leadership training,
even though there is very little evidence that such specific
leadership training during those courses leads to improved
patient outcome (10). However, training in resuscitation skills, in
general, was able to improve patient outcome (7).

It was unclear if current end-of-course summative assessments
can test these human factor competences adequately. Therefore,
the current study asked participants and instructors to judge
subjectively two different assessment methods, the simulated
team assessment, and the real team assessment. Participants
found that both assessments are equally effective to test their
team leadership skills. However, the included instructors who
have experience with multiple course participants have a different
opinions. The instructors clearly judge the real team assessment
as superior in its ability to test team leadership skills. Training
leadership skills prior to being involved in a real cardiac arrest
is important (28, 29). Unfortunately, our data shows only the
opinions of course participants and instructors. Further research
is necessary to objectively assess the competences for such team
leadership factors, and if one assessment approach is suitable

to assess these competences in different advanced life support
formats (e.g., for neonatal, pediatric, or adult resuscitation).

Participants of a qualitative analysis of human factors
identified teamwork issues as most challenging during
pediatric cardiac arrests (21). Our participants rated team
membership competences consistently lower than team
leadership competences. The real team assessment was judged
to be better suitable to test team membership compared to
the simulated team assessment. The lower scores for team
membership compared to the other aspects of this study
introduces the question if there is a need to adjust the
current assessment method to allow better assessment of
team membership competences. Regardless of the assessment
method used, team members are not allowed to act as “real
team members” during an assessment, they only act on
team leaders commands. Assessment of team member
competences is therefore not possible. In contrast, during
cardiopulmonary resuscitation courses, team membership skills
are trained, and course participants are encouraged to act as they
would in real life and support their team leader with all their
knowledge and skills.

Communication during a cardiac arrest needs to be clear,
concise, brief, empathetic, and trigger a feedback loop. It needs
to be targeted directly at a person and closing the loop is
advisable (30, 31). ERC cardiopulmonary resuscitation courses
emphasize proper communication and specifically focus on
hindering factors for speaking up, which is key for success in
cardiac arrest situations (29, 30). Research showed that simple
and short ongoing educational interventions on leadership
principles can improve team leadership and communication
competences significantly (24, 32, 33). Our results show
that such communication competences can be better assessed
with the real team assessment compared to the simulated
team assessment.

Shared situational awareness enables better teamwork (30).
Both assessment methods were rated comparably by our ALS
course participants. However, ILS course participants and
instructors think situational awareness can be better assessed
by real team assessments. The inconsistency in these findings
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suggests that situational awareness might depend more on the
assessment setting itself, than on the assessment method.

Interestingly, over the 1 year between the initial study and
the follow-up, 11 medical students (participants of the 1-day
ILS course) were successfully recruited as Bern First Responders,
some of them during the ILS courses (34) (A First Responder is
a trained layperson or healthcare professional who is dispatched
via an app to a medical emergency in addition to an ambulance).
This should be considered a positive outcome given that
health care professionals might get easily overwhelmed with the
additional burden of being a First Responder (35).

This study has several limitations. It was a single-center study
focusing on medical students as course participants in official
European Resuscitation Council advanced life support courses.
The University of Bern offers a large medical program with more
than 340 medical students per study year. The medical students
were randomly assigned by the University to their courses. There
is a slight chance that medical students assessed together also
worked together during course work or clinically as a team of
students prior to their participation in the respective courses,
therefore, we cannot exclude an effect of this on leadership and
teamwork. Groups for the real team assessment were chosen
randomly, and care was taken that students who had trained
together during the course were not assessed together. Although
there have been many study participants in this study, there are
two cohorts of participants which limits the generalizability of
the data, half of the study participants participated in a 1-day
ILS course, and half in a 2-day ALS course. Randomization was
performed for the whole course due to practical reasons and not
for the individual course participant.

On the other hand, this study has several strengths as it was
planned and executed as a large randomized controlled trial and
each participant was only included once. Both the instructors’ and
the participants’ perspectives are included.

In conclusion, instructors of advanced life support
courses rated a summative course assessment in real teams
significantly better regarding the ability to test team leadership,
team membership, communication, team management, and
situational awareness compared to simulated team assessments,
which is the current European Resuscitation Council’s standard
end-of-course assessment. Course participants rated team
leadership and partly situational awareness as comparable
between both assessment methods. These results might influence
current summative assessment practices in advanced life support
courses.
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