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Abstract

Background: Theoptimal responseto amajor incident in aroad tunnel involves efficient decision-making among theresponding
emergency services (fire and rescue services, police, and ambulances). The infrequent occurrence of road tunnel incidents may
entail unfamiliarity with the tunnel environment and lead to uncertain and inefficient decision-making among emergency services
commanders. Ambulance commanders have requested tunnel-specific learning materials to improve their preparedness.

Objective: We aimed to assess decision-making among ambulance commanders in simulated road tunnel incidents after they
had participated in a tunnel-specific e-learning course designed to support timely and correct decisions in this context.

Methods: We conducted aweb-based intervention study involving 20 participants from emergency medical servicesin Sweden
who were randomly allocated to atest or control group. The control group (n=10, 50%) received a lecture on general incident
management, while the intervention group (n=10, 50%) completed an e-learning course consisting of 5 modulesfocused on tunnel
structure, safety, and collaboration in response. The participants took part in 2 simulation-based assessments for ambulance
commander decision-making in major road tunnel incidents 1 month and 6 months after their alocated study intervention. In
each simulation, the participants deci ded on the best course of action at 15 independent decision points, designed as multiple-choice
questions. The primary outcome was the correct response to the question regarding how to appropriately enter the road tunnel.
The secondary outcome measurementswere correct or incorrect responses and the time taken to decide for each of the 15 decisions.
Limited in-depth follow-up interviews were conducted with participants (n=5, 25%), and collected data were analyzed using
qualitative content analysis.

Results: All 20 participants completed the first simulation, and 16 (80%) compl eted the second. The main finding was that none
(0720, 0%) of the participants correctly answered the question on entering the tunnel system in the 1-month assessment. There
were no significant differences between the groups (P=.59; 2-sampletest of proportions) in the second assessment. The e-learning
course was not associated with more correct answers at the first assessment, including accounting for participant factors (mean
difference between groups: —0.58 points, 95% Cl —1.88 to 0.73; P=.36). The e-learning course was also not associated with a
shorter time to completion compared to the nonintervention group in either assessment. Interviews identified 3 categories linked
to the main outcome: information (lack of), risk (limited knowledge and equipment), and mitigation (access to maps and
aide-mémoire).
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Conclusions: Participation in atunnel-specific e-learning course did not result in ameasurable change in ambulance commanders
decision-making behavior during simulated road tunnel incidents. The observed hesitation to enter the road tunnel system may
have several plausible causes, such asthelack of actionableintelligence and tunnel -specific plans. Thisnovel approach to ng
commander decision-making may be transferable to other educational settings.

(IMIR Form Res 2025;9:€58542) doi: 10.2196/58542
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Introduction

Background

The United Nations projectsthat 68% of theworld’s population
will live in urban areas by 2050, with an estimated increase
from 4.2 billionto 6.7 billion people[1]. Increased urbanization
and growing citieswill requirereliableinfrastructure[2]. Traffic
congestion is expensive for both communities and individuals.
Theanalytical company INRIX reported that traffic congestion
costs the average American 97 hours and US $1348 annually
[3]. To limit traffic congestion and exhaust emissions, road
tunnels are key to future urban development [2,4]. Traffic
incidentsin road tunnels may result in significant societal costs
and individual health impairment.

Moreover, increasingly complex road tunnels are being
constructed. For example, the Norwegian Rogfast ferry
replacement project, which is 26.7 km long and 392 m deep,
will becometheworld’slongest and deepest subsearoad tunnel
upon completion in the early 2030s [5]. Furthermore, road
tunnels can have different designs, including single or separate
twin-tunnel tubes. Sometunnel systemsinclude subsea passages
and multiple on-ramp and off-ramp systems. In addition,
networks of different tunnels may include emergency exits and
rooms for technical egquipment, shelters, and service tunnels
[6]. Understanding the layout of a specific tunnel may benefit
emergency services and maintenance personnel responding to
aroad tunnel incident.

When amajor incident occursin aroad tunnel, such asafire or
atraffic crash, the evacuation of tunnel usersisthefirst stepin
limiting casualties. A complex tunnel structure may hamper
self-evacuation and complicate the accessibility of the
responding emergency services (police, fire and rescue, and
emergency medical services [EMSs]) to the incident site and
injured individuals. Moreover, the compact designs of modern
road tunnels contribute to unique medical challenges concerning
specific injury patterns, specific trauma mechanisms, and
increased extraction times [7-9]. Hence, accessibility issues
may result in considerable delaysin vita treatment, potentially
leading to preventable loss of life.

Timely and adequate decision-making by emergency service
commandersto facilitate correct task priority and minimizetime
to treatment is crucial and difficult. This is illustrated by the
2013 Norwegian Gudvanga monotube tunnel fire, where a
decision was made to ventilate smoke to aid firefighter access,
which, in turn, engulfed 67 evacuating persons in smoke,
resulting in acute smoke inhalation injuries [10].

https://formative.jmir.org/2025/1/e58542

A study by Kristiansen et a [11] exploring the collaboration
between responding emergency service commanders during a
Norwegian road tunnel exercise concluded that the ambulance
commanders were treated as outsiders in the decision-making
process owing to uncertainty regarding their management roles.
Similarly, in Sweden, an imbalance between the incident
commanders and ambulance or medical commanders concerning
specific road tunnel knowledge has been identified as a
collaborative obstacle [12]. As important decisions need to be
taken within theinitial 20 minutes of the incident, this obstacle
may lead to further delay [13]. The current prehospital medical
management system in Sweden uses a genera all-hazard
approach. This means that the same management method is
used regardless of the incident type or environment [14,15]. In
contrast, Norwegian fire and rescue servicesinclude educational
material on decision-making, task alocation, risks, human
behavior, and coping with uncertainties in their training
curriculum [16]. Swedish ambulance staff with road tunnelsin
their catchment areas are expected to initiate incident
management in the event of aroad tunnel incident, even without
tunnel -specific knowledge.

Knowledge of the tunnel system and the ability to understand
emerging situations are important for fire and rescue service
commanders and personnel when responding to road tunnel
fires [17]. Studies concerning EMS incident management in
road tunnel incidents in Norway [18] and Sweden [19] have
found that there is a perceived need for tunnel-specific and
readily accessiblelearning materialsand training courses. These
are needed to be better prepared to optimally assess response
needs in a complex environment and make timely decisions to
facilitate early accessto the injured persons.

Objective and Hypotheses

Themain aim of this study wasto eval uate whether participation
in a tunnel-specific e-learning course affected ambulance
commanders’ abilities to make appropriate decisions in
simulated road tunnel incidents. The secondary aim was to
explore participant confidence in decision-making through
structured questions and responses.

Hypothesis 1

Hypothesis 1 is that the tunnel-specific e-learning course will
lead to more participants correctly choosing to enter the road
tunnel system in the 1-month postcourse simulation-based
assessment compared to those who have not participated in the
course. Furthermore, the same is hypothesized for the second
assessment, 6 months after the e-learning course intervention.
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Hypothesis 2

Hypothesis 2 is that the tunnel-specific e-learning course will
lead to participants giving more correct answers across the 15
decision poaints for the simulated tunnel incidents (fire or car
crash) compared to those who have not participated in the
course, taking into account relevant participant factors, including
educational level and previous practical experience with tunnel
incidents.

Secondary Hypothesis

The secondary hypothesis is that tunnel-specific e-learning
course participation will lead to ashorter timeto make decisions
in the simulation-based assessments compared with no
e-learning course participation.

Hylander et a

Methods

Study Design

The difficulty in evaluating the effectiveness of educational
effortsin the medical management of mgjor incidents has been
described in the literature [20]. This study has taken an
innovative approach to thisissue. A schematic overview of the
study design is presented in Figure 1. The design of this study
is a 2-arm, assessor-blinded, randomized, prospectively
controlled trial. The intervention was web based and accessed
by individua participants via a purpose-built online platform.
Thisstudy adhered to the CONSORT-EHEALTH (Consolidated
Standards of Reporting Trials of Electronic and Mobile Health
Applications and Online Telehealth) reporting guidelines
[21,22].

Figure 1. Schematic overview of the study design. This study is a 2-arm, assessor-blinded, randomized, prospectively controlled trial. Participants
(N=20) were enrolled and randomized to either a prerecorded lecture or the tunnel-specific e-learning course. Both groups completed follow-up
simulations at 1 and 6 months, which included 15 decision points (each designed as a multiple-choice question). Outcomes included the decision to
correctly enter the tunnel, the number of correct decisions, and time. Participants al so self-evaluated their decision-making ability and sense of security

in handling road tunnel incidents.

Prerecorded lecture (n=10)

23 minutes

N=20

3>

Simulation 1: at 1 month
15 decision points

Simulation 2: at 6 months
15 decision points

e-learning (n=10)
40 minutes

Outcomes

1. Enter the road tunnel?

2. Number of correct answers
3. Time

[a] -

Ethical Considerations

This study was approved by the Swedish Ethical Review
Authority  (registration  numbers  2021-04810 and
2022-05388-02) and conducted in accordance with the
Declaration of Helsinki [23]. Asthis study examined the effect
of an educational course on health care provider performance
inasimulation, trial registration was not deemed necessary, as
described by the International Committee of Medical Journal
Editors recommendations [24]. Potential participants were
provided with written information, including informed consent
descriptions, regarding the aim of the study and the voluntary
nature of participation. They were also informed that
deidentified data (eg, demographic data, such as sex and
educational level) would be included in a scientific article. In
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addition, they were given the contact information of the study’s
data protection officer if, after enrollment, they wished to have
their personal information removed. Potential participantswere
also informed that they would not receive any compensation
for participation. Informed consent was obtained from the
participants before they were given accessto their alotted course
material (refer to the Study Sequence section and Multimedia
Appendix 1 for further details).

Setting

This study was conducted between March and December 2022,
with participants from alarge city in southern Sweden that has
several twin-tube road tunnels in its catchment area. In the

studied city, the EMS comprised emergency ambulances,
physician-staffed vehicles, a dedicated incident management
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unit, and a helicopter. Only staff from the dedicated incident
management unit and emergency ambulances were included as
study participants. These unitswere staffed by either aregistered
nurse and an emergency medical technician or 2 nurses. The
educational level of those who staff emergency ambulancesin
Sweden variesfrom emergency medical techniciansto registered
nurseswith a 1-year subspecialization, such as prehospital care.
The EMS personnel are trained in advanced life support and
prehospital management leadership. The prehospital
management | eadership course provided for Swedish EM S staff
is a mandatory 2-day course covering the basics of incident
management and draws from the Major Incident Medical
Management and Support (MIMMS) course[14,25]. A separate
2-day leadership course focusing on stress resilience and
leadership traits is available, although this course is not
mandatory or nationally implemented [15].

In Sweden, including the studied region, the standard operating
procedure (SOP) concerning major incidents is that the first
arriving ambulance crew at an incident siteinitiates“ command
and control” procedures by assuming the roles of ambulance
and medical commanders[25]. Consequently, al personnel who
staff emergency ambulances need to be ableto initiate command
and control.

Sample Size Calculation, Participants, and
Randomization

Sample Size Calculation

The sample size calculation was based on findings from local
pretesting and recent literature [18,19], where ambulance
commanders highlighted concerns about tunnel risksthat could
lead to hesitation in entering the road tunnel system. On the
basis of this, the control group was expected to respond with
close to 0 (10% response rate) correct answers to the critical
categorical question (decision to correctly enter theroad tunnel)
and, similarly, a close to 0 (10%) correct response rate to the
15 tunnel-specific decision points (given their lack of
tunnel-specific education and unfamiliarity with the tunnel
environment). Theintervention group was expected to correctly
answer the critical single categorical question and to have a
general correct response rate of 75% for al questions. Using a
power of 0.8 and a2-tailed a of .05 with the Pearson chi-square
test, the estimated sampl e size was 8 participants per group. We
aimed to include a minimum of 10 participants in each group
owing to anticipated dropouts after inclusion.

Inclusion and Exclusion Criteria

The inclusion criteria were participants who were currently
employed by the regional EM'S and assigned to the ambulance
service or dedicated incident management unit as either
registered nurses or emergency medical technicians. The
participants could a so assumetherole of ambulance commander
in road tunnel incidents, in accordance with the SOP. The
exclusion criteria were individuals who were involved in the
development or validation of the tunnel-specific e-learning
coursefor this study and those who were diagnosed with or had
self-perceived posttraumatic stress disorder or anxiety due to
road tunnel incidents.

https://formative.jmir.org/2025/1/e58542
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Recruitment Process

The ambulance station commander assisted in informing
potential participants of theregional study. A letter of invitation
to participate in the study was distributed via “a weekly
newsletter” in the organi zation. Furthermore, short presentations
concerning the aim of and participation in the study were
conducted by the first author during the organization’s morning
briefings. In total, 23 participants were recruited during a
3-month period (March to May 2022), of whom 20 (87%)
participants were included in the study, while 3 (13%) werein
reserve. Before the intervention wasinitiated, 3 (13%) planned
participants withdrew, and the 3 (13%) individuals in reserve
were included as participants.

Randomization

Thefirst author collected the participants’ email addresses. The
20 participants email addresses were sorted in alphabetical
order and assigned a case number. The participants were
randomly allocated to the intervention or control arm using a
random number generator. A randomization key containing case
identification detailswas stored in alocked place to which only
the first author had access.

Course Material and Study Sequence

Online Platform

An online platform was created for this study using Moodle
(Moodle HQ) open-source software [26]. The online platform
contained both the elearning course and the control
(nonintervention) “course.” Participants were given individual
access to one of the courses after a randomized allocation.
Furthermore, both simulations were stored on the platform
(hidden from the participants) and became available during the
assessment periods (1 and 6 months after the educational
intervention). Once started, neither simulation could be aborted.
Thus, the participants had 1 opportunity to complete each
simulation. The participants were informed of this multiple
timesin writing.

Prerecorded Lecture (Control Arm)

The control course consisted of a23-minute prerecorded lecture
on general incident management. The lecture consisted of a
brief historical overview of major incidents where incident
management was highlighted asimportant, including examples
from the 2011 bombing in Oslo, Utgya island shooting in
Norway, and the 2017 truck attack in Stockholm, Sweden
[27,28]. Thelecture emphasized theroles of thefirst ambulance
a the incident site, focusing on the ambulance
commander—specific tasks according to the MIMMS concept,
with emphasis on the mnemonic METHANE (major incident,
exact location, type of incident, hazards, access and egress,
number of casualties, and emergency services) [25]. The use of
the mnemonic METHANE has been an SOP in Swedish EMS
prehospital incident management for the past 20 years[29]. As
such, the general lecture did not include new learning or
tunnel-specific elements. The purpose of the control coursewas
to refresh the participants general knowledge of incident
management in major incidents. The control course was
validated by 5 EMS personnel who had extensive prehospital
experience from parts of the country outside the studied region.
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The personnel were asked to provide feedback on the content
of the course and perceived usefulness to ambulance
commanders. Feedback included comments, for example,
“Please describe MIMMS a hit more, otherwise the lecture
contains much that | aready knew.” Changes were made
according to their feedback.

The Tunnel-Specific e-Learning Course (I ntervention
Arm)

The intervention in this study consists of atunnel-specific and
gamified e-learning course created using Articulate Global
software [30]. The elearning course was developed in
collaboration with the Faculty of Humanities at Umed
University, Sweden.

The aim of the e-learning course was to increase ambulance
commanders’ ability to make the proper decision at the right
time by increasing knowledge of the specific tunnel
environment. A particular concern was giving participants the
confidence to enter the road tunnel in a safe manner, for
example, using the unaffected tunnel tube during a major
incident, which, according to discussions among stakehol ders,
is an effective method for gaining access to the scene and those
injured.

Thee-learning course (content outlineis provided in Multimedia
Appendix 2) consisted of materials concerning collaborationin
atunnel -specific context and organizations' different tasksfrom
dispatch to arrival at the incident scene [18,19,31], methods of
identifying injured individuals (eg, triage), principlesfor treating
injuries (eg, smoke inhalation), and specific risks (eg,
explosions) [32-34]. The e-learning course content was validated
by 8 stakeholders from organizations involved in road tunnel
rescue efforts, including fire and rescue services, EMS, palice,
emergency dispatch centers, and infrastructure owners. One or
2 participants from each organization participated. In addition,
the course content was reviewed by 2 individuals with in-depth
knowledge of prehospital education and extensive experience
in acting as ambulance commanders in a variety of scenarios.
Changes were made according to their feedback.

The e-learning course consisted of 5 distinct modules with
learning materials on different aspects of road tunnel rescue
efforts, including the road tunnel structure, potential injury
patterns, safety, and collaboration, which were determined after
the validation process. The moduleswere, in collaboration with
an expert in pedagogy, incorporated into a gamified e-learning
setting. This design was deemed suitable as an element of
gameplay that may stimulate learning [35]. The learning
materials consisted of text, images (eg, illustrating how to
correctly position an ambulancein amajor road tunnel incident),
and short videos (eg, showing an example of fire devel opment
in aroad tunnel fire) combined with module-specific quizzes
(respondents needed to score 80% correct answersto pass each
module) to facilitate learning [36] (refer to Multimedia
Appendix 3 for an example).

Road tunnel layouts, different injury patterns, collaboration,
and aspects of persona and scene safety were integrated into
the e-learning course modules. Using the revised version of the
taxonomy of learning by Bloom, which was proposed by
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Krathwohl [37], study participants needed to understand (eg,
the layout of the tunnel, tunnel-specific risks, and probable
injury patterns), analyze (how to collaborate with other
organizations to get a clearer picture of the incident and
incident-specific risks), and evaluate (the tunnel layout, risks,
and specific injury patterns) to be able to make an informed
decision regarding where the injured person should be
transported for definitive care. As decision-making isacomplex
cognitive process, different aspects were covered in the
e-learning course. For example, risk management included the
identification of environmental risks (smoke and leakage of
flammable or corrosive fluids) and personal risks (inhalation
of toxic fumes and limited visibility in a smoke-filled
environment). Furthermore, risk-mitigation measures (eg, how
to position ambulances in the tunnel system) and tunnel safety
features (fire suppression systems and jet fans) were described.
Under the course segment “Should | enter the road tunnel ?’
participants were informed of the importance of conducting a
risk assessment before entering the road tunnel system and that
using the unaffected tunnel tube (in case of a fire or major
incident) was considered safe.

The completed e-learning course was validated by 5 EM S staff
members (who also validated the control course) based on
language, logical progression, design, and overall usability. The
overal impression of the course design was described as
“appealing.” The course was described as “easy to navigate’
and “fun,” although “not designed to be used via smartphone.”
Changeswere made according to validating EM S staff members
feedback; for example, those included in the study were advised
not to use smartphones while taking their allotted courses or
simulations.

Prospectively Controlled Trial

The trial consisted of a knowledge test based on the
tunnel-specific intervention’s course content, which was tested
in 2 digital simulations (assessment points) conducted 1 month
and 6 months after the intervention. The simulations also
included a time measurement for decision-making. Time was
measured individually for the 15 separate decisions in each
simulation. Between the first and second knowledge tests
(assessment points), there was no control over for what the
participants read, studied, or discussed in relation to tunnel
incident responses.

Knowledge Test

The knowledge test was developed based on the literature on
performance indicators [38-40], interview findings [18,19,31],
and focus group discussions among stakeholders [13]. A total
of 15 independent multiple-choice questions (MCQs), each with
1 correct option out of 5 alternatives, were created. Thisdesign
was chosen because MCQs are commonly used in medical
education to assess higher-order thinking, so the participating
personnel should be accustomed to the method [41]. In total,
the participants could get 15 points per smulation. The questions
were formulated as decision points (Multimedia Appendix 4)
and were directly related to the content of the intervention
(e-learning course). The questions were evaluated during the
pilot testing of the digital simulations.
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Simulations

The digital simulations were created in collaboration with an
expert in pedagogy and by integrating learning materials into
an elearning environment. The content was created using
Microsoft PowerPoint (version 16.71) and modified using
Storyline 360 (Articulate Global, LLC). The 2 simulations of
major road tunnel incidents were visualized through a

Hylander et a

combination of text, images, and videos (eg, exercises); audio
(dispatch callsand alarm signals); and animationsto add a sense
of realism. To mimic a real tunnel incident, the simulations
followed the same logical, decision-based pathway, starting
from dispatch and continuing through to the conclusion of a
rescue effort. One example of adecision-based questionis*“Do
you enter the road tunnel”? (Figure 2).

Figure 2. Decision from one of the simulations on how to enter the road tunnel, designed as a multiple-choice question with 5 different choices, one
of which is correct. Thetext is provided in Swedish, with the corresponding English trandation shown to the right (the correct answer is underlined).

Beslut 4: Aka in i tunneln?

Nej. Det kan finnas gasoltuber i husbilen. Jag vantar utanfér fér att samverkan med raddningsledaren

och viigassistans utanfér tunneln.

Nej. Det kan finnas gasoltuber i husbilen. Jag vantar utanfér tills raddningstjdnsten bekraftar att

platsen dr saker.

Ja. Jag dker in | det ésterghende tunnelréret fér att kunna skapa mig en bild av hindelsen.

Ja. Jag dker in i det vistergaende tunnelriret, da jag aker med trafikriktningen.

Ja. Jag dker in i det vastergaende tunnelréret mot trafikriktningen. Bida tunnelroren ar stangda sa jag

riskerar inte att méta trafik.

The simulations were designed as forward-moving only. The
aforementioned kind of modified essay question is commonly
used in medical education, where students are presented with
a case and gradually presented with more information as the
case progresses, similar to unfolding an incident where initial
information may be scarce [42]. The scenario unfoldsregardless
of what the participant answers, and the participant cannot go
back and change answers to the previous questions. During the
simulation, participants received updated information via an
audio clip (eg, prerecorded dispatch call) or animage containing
information on certain decisions made by others, for example,
“the road traffic center decided to closetheroad tunnel.” Actual
footage or video sequences from road tunnel interiorswere also
included.

Two different simulations (1 month and 6 months after the
educational intervention) were created. In the first assessment
(at 1 month), the simulated road tunnel incident wasa collision
between a bus and a passenger car, with numerous casualties.
The scenario did not include fire; smoke; or added risks, such
asleakage of fuels or dangerous cargo. In the second assessment
(at 6 months), the scenario was a collision between a mobile
home and multiple vehicles, again with numerous casualties.
The mobile home contained aliquefied petroleum gas cylinder
as an added risk element. This scenario developed into a road
tunnel fire at alater stage. These 2 scenarioswere chosen based
on the experience that most fatalities in tunnel incidents result
from traffic crashes and fire [43].

The simulationswere validated separately by 5 EM S personnel
(external validation) and 2 stakeholders (internal validation)
who had in-depth education in prehospital management and
extensive experiencein acting as ambulance commanders. Their
feedback included comments such as “ The time pressure was
noticeable, | chose to read instead of listen...l lost focus...But
the same goes for a real incident.” After the feedback was
considered and changes were made to the simulations, a final
version was established by the coauthors. No changes were

https://formative.jmir.org/2025/1/e58542

Decision 4: Enter the tunnel?

No. The motor home may contain propane canisters. | wait for the
emergency services and roadside assistance, outside the tunnel.
No. The motor home may contain propane canisters. | wait outside
the tunnel before emergency services have secured the area.

Yes. | choose to enter the tunnel using the east-bound bore, to geta
clear picture of the incident.

Yes. | choose to enter the tunnel using the west-bound bore,
against the direction of traffic.

Yes. | choose to enter the tunnel using the west-bound bore,
against oncoming traffic. Both tunnel bores are closed, | do not risk
encountering oncoming traffic.

made to either course once data collection from study
participants was started.

Besidesthe choice of decisionin each simulation, thetimetaken
to make each decision was also recorded. This was a feature
avalable in the software used in the development of the
simulations (Storyline 360). When the parti cipant was presented
with the MCQ options, a hidden timer started, and the timer
stopped when the participant chose an alternative and clicked
on “next” to advance to the next question. The timing for each
guestion was validated separately by the first author and the
e-learning expert using stopwatches. Time was also measured
during the evaluation of the smulations.

Study Sequence

Individual emails containing information about the study,
together with aunique link to either the control or intervention
course, were sent to the participants. When the participants
clicked on the link, they were directed to a website (where the
course platform was located) and prompted to log in. After
logging in and before gaining access to their allotted course,
the participants were asked to answer a short survey regarding
their demographics: sex, level of education (registered nurse or
emergency medical technician), additional 2-day leadership
course, the number of years in EMS, and experience in
managing tunnel incidents. Furthermore, the participant had to
give consent by ticking a checkbox before completing the
survey. Upon completion of the survey, participants could open
their respective courses and had 2 weeks to access the content
and complete the course.

Approximately 1 month after the participants completed their
respective courses, they were sent an email with an invitation
tolog onto the e-learning website to complete asimulation and
assessment, again with the expectation of participating within
2 weeks. Asdescribed earlier, the scenario contained 15 decision
points where the participant could decide on the best course of
action, choosing from multiple choices, with 1 correct answer.
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The participants' responses and the time taken to make each
decision were recorded.

Six months after the participants completed their respective
courses, they were sent an email prompting them to log in to
the e-learning website to complete the second simulation and
assessment (scenario details given earlier) and again within 2
weeks. Participantswho had provided their phone numberswere
sent an SM S text message reminder. The participants’ decision
responses were recorded in the same manner.

Evaluation Form

Upon compl etion of the second simulation, the participantswere
redirected to an evaluation form and asked to subjectively assess
(decreased, unchanged, or increased) whether the course
(intervention or control) influenced their ability to make
decisions and affected their sense of security as ambulance
commandersin road tunnel incidents. Intotal, 2 email reminders
of participation were sent after 5 days and 10 days. The data
collection period was extended by 1 week because of alimited
response rate, and the time extension yielded 5 additional
responses.

Follow-Up I nterviews

A limited number of in-depth follow-up interviews were
conducted with participants (4/10, 40% from the intervention
group and 1/10, 10% from the control group) within 2 months
from the second simulation. The interviews were conducted
using a semistructured interview guide and focused on
participants describing their reasoning behind the decision to
enter or not enter the road tunnel in both scenarios (Multimedia
Appendix 5). The collected datawere analyzed using the method
of qualitative content analysis [44], where the transcribed data
were broken down (deconstructed) into meaning units. Next,
each meaning unit was labeled with a code, and similar codes
were grouped into subcategories and categories.

Outcomes and Analysis Plan

Outcomes

The outcomes were defined as choosing the correct decision
when presented with MCQs and the time spent making each
decision. The first primary outcome was the correctness of
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responses to the question concerning the ambulance
commander’s decision to enter the road tunnel. The second
primary outcome was the number of correct responses across
the 15 different decision points. The secondary outcome was
the time taken to register each decision.

After the conclusion of the simulation-based assessments,
participants were asked to self-evaluate whether they felt that
the e-learning course or control course influenced their ability
to make decisionsin general inroad tunnel incidents (decreased,
unchanged, or increased) as well as influenced their sense of
safety in acting as ambulance commanders in road tunnel
incidents (decreased, unchanged, or increased).

Data Curation and Availability

Pseudonymized participant test scores and response timeswere
electronically recorded. The dataset was stored on an encrypted
hard drive (2 TB; ADATA Technology Co, Ltd).

Statistical Analysis

Statistical analysiswas performed using SPSS Statistics software
(Macintosh version 28; IBM Corp). A 2-sample proportion test
was used to compare the grouped averages of proportions. P<.05
was considered significant for identifying the difference between
groups. Multivariate logistic regression was used to assess the
associations between the primary outcome and participant
factors as well as between secondary outcomes and participant
factors.

Results

Participants

A total of 20 participants participated in the course to which
they were assigned and the first simulation-based assessment.
Of these, 16 (80%) participants, with 8 (40%) in each group,
participated in the second simulation-based assessment at 6
months. However, 1 (5%) participant in the control group did
not compl ete the assessment, and datafrom this participant were
not included in the grouped responses for the second assessment
(Figure 3). Participant demographics, such as sex, years of
experience, and educational level, are provided in Table 1.

JMIR Form Res 2025 | vol. 9 | €58542 | p. 7
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Hylander et a

Figure 3. Study flowchart. Description of the number of participants enrolled and lost to follow-up during the 6-month study period.
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Table 1. Participant demographics, including sex, years of experience, level of education, education in prehospital management, whether they have
attended a 2-day separate leadership course, and whether they have experience in managing road tunnel incidents (N=20).

Descriptive data

Intervention group (n=10), n (%) Control group (n=10), n (%)

Sex
Female
Male
Experience (y)
5-10
10-15
15-20
>20
L evel of education
Registered nurse
Specialist nurse
EMT?
Education in prehospital management
Attended a 2-day separate |eadership course

Have experience in managing road tunnel incidents

2 (20) 2(20)
8 (80) 8(80)
4 (40) 6 (60)
3(30) 1(10)
2 (20) 0(0)
1(10) 3(30)
1(10) 0(0)
8(80) 8(80)
1(10) 2(20)
9(90) 10 (100)
2 (20) 2(20)
3(30) 3(30)

3EMT: emergency medical technician.

Main Results

The main finding was that none (0/10, 0%) of the participants
in the control group (without the tunnel-specific e-learning
course) and the intervention group (with the tunnel-specific
e-learning course) responded correctly to the single categorical
guestion to enter the road tunnel. The second main finding was
that the average number of correct answers among the 15
decision points was 7.0 (SD 1.8) for the control group at the
first assessment point (1 month) and 6.5 (SD 1.8) for the
intervention group, with no difference between the groups
(P=.86, 2-sample test of proportions).

Secondary Results

Tunnel-specific e-learning course exposure was not associated
with more correct answers in the first or second simulation
assessments when participant factors were considered in the
multivariable logistic regression analysis (Table 2). Participant
factors included sex, work experience, educational level,
participation in a separate 2-day leadership course, and having
practical experiencein tunnel management. The findings showed
that there were associations between more correct answers and
having participated in a separate 2-day |eadership course, femae
sex, and practical experience, at least at the first assessment
point. The total response time at the first assessment point was
not associated with course exposure (P=.80), even when
considering other participant factors.

At the 6-month assessment point, 25% (2/8) of the participants
in the intervention group and 14% (1/7) in the control group
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chose to correctly enter the road tunnel, with no difference
between the groups (P=.59). Multivariable logistic regression
analysis identified no factors associated with the total number
of correct responses for either group.

Of the 20 participants, the evaluation form was completed by
11 (55%) participants (control group: n=6, 30% and intervention
group: n=5, 25%). In theintervention group with 5 participants,
confidence in acting as ambulance commanders was reported
to be unchanged (n=3, 60%) or to have increased (n=2, 40%).
In the control group with 6 participants, the confidence was
reported to be unchanged (4/6, 67%) or to have increased (n=2,
33%). Regarding the course's impact on decision-making, 3
(60%) participants in the intervention group reported it as
unchanged, and 2 (40%) reported it asincreased. By contrast 2
(33%) participantsin the control group reported it as unchanged,
and 4 (67%) reported it as increased. None of the participants
reported decreased ability to make decisions or confidence in
handling road tunnel incidents.

The follow-up interviews identified 3 categories linked to the
decision not to enter the road tunnel correctly: information (lack
of updated information, risk of misunderstandings, and
unavailability of information on the actual tunnel system), risks
(limited knowledge of site risks, fear of being questioned by
EMS personnel if they decided to enter the tunnel, and lack of
proper equipment), and mitigation (need of site-specific maps,
access to updated course material annually, and access to
aide-mémoire).
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Table 2. Multivariable logistic regression (including demographic data, such as sex, work experience, educationa level, additional leadership course,
and experience with tunnel incidents), number of correct answers, and total response time at both assessment points.

Assessment point Unstandardized 3 B, 95% CI P vaue
Assessment point 1
Total correct answers
Course exposure —-.58 -1.88t00.73 .36
Sex 2.10 0.39t03.79 .20
Work experience -1.25 —2.18t0-3.25 .01
Educational level -0.23t01.73 12
Attended a 2-day separate leadership course 3.05 0.55t05.55 .02
Having practical experience in tunnel management 1.09 -0.46t0 2.64 15
Total responsetime (s)
Course exposure 44.18 —320.59 to 408.96 .80
Sex -216.16 —692.90 to 260.59 .35
Work experience —42.72 -302.351t0216.91 73
Educational level —71.07 —346.09 to 665.95 .59
Attended a 2-day separate leadership course -35.22 —736.39 to 665.96 .92
Having practical experience in tunnel management 308.37 —125.75to 742.48 A5
Assessment point 2
Total correct answers
Course exposure —-28 —2.91t02.36 .82
Sex 1.18 -3.20t05.57 .55
Work experience -3.03t0 3.09 .98
Educational |evel -57 —2.52101.38 42
2-day separate |eadership course -3.21 -11.87t05.45 .52
Practical experience in tunnel management —2.60 to 4.56 .55
Total responsetime (s)
Course exposure 151.07 —236.08 to 538.21 .39
Sex 42.21 —603.22 to 687.63 .88
Work experience —420.39 —870.51t0 29.74 .06
Educational level 162.94 —123.93 to 449.80 .23
2-day separate |eadership course 1255.37 —19.22 to 2529.95 .05
Practical experience in tunnel management 531.25 4.42 to 1058.08 .05

Discussion

Principal Findings

The main finding of this study was that none (0/20, 0%) of the
participants correctly answered the question regarding entering
the road tunnel at the first assessment point. This was
unexpected.

Despite the tunnel-specific e-learning course specifically
addressing how to use the unaffected tunnel tube as one of the
important course learning goals, it did not succeed in supporting
this expected behavior. There are several possible and different
explanationsfor thisresult. One could be that most (14/20, 70%)
participants lacked any experience with real tunnel incidents,
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and actual experience may be required to decide to enter the
road tunnel properly. Thisis supported by other reports[45,46],
which indicate that decisions often need to be based on
experience. Inexperienced decision makers may depend on
mnemonicsand guidelines[47], and inexperienced commanders
may become more hesitant in their decision-making if the
guidelines or mnemonics are not adjusted to the situation or
environment. Easily accessible and adequate guidelines may
facilitate decision-making in this particular setting. This is
supported by the participant interviews, indicating a need for
adeguate aide-mémoire tailored to the specific tunnel
environment. Adding useful mnemonics to the tunnel-specific
e-learning course may facilitate participant decision-making.
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Another possible explanation for participants not actively
choosing to enter the road tunnel may be concerns about
personal safety. This is in line with the findings from tunnel
incident reports [13,18] where incident scene safety is an
important concern for the ambulance commander. In addition,
it can be perceived as correct to initially wait when there is
limited information about siterisks. Thiswasillustrated by the
aforementioned 2013 Gudvangatunnel firewherealarge portion
of the tunnel became filled with smoke due to reversed jet fans
[10]. However, in the event of afire in atwin-tube road tunnel,
the unaffected tube should be regarded as a safe environment,
as fans ventilate air in the same direction in both tubes, which
isexpected to prevent smoke spillover to the opposite tube. The
unaffected tube as a safe environment was emphasized multiple
times during the tunnel-specific e-learning course, which may
have influenced the participants to adopt a more cautious
approach. Using the opposite tube would al so result in bringing
the EMS personnel closer to the incident, which could be
beneficial for the treatment of critical injuries, such as internal
bleeding or smokeinhalationinjuries. It seemsthat thisapproach
needs to be addressed further in future educational efforts. For
example, on-site visits could be an important element of
education and provide the EMS personnel with a sense of
security, which has been indicated by others [18]. Other
cost-effective solutions, such as “visiting” road tunnels in a
virtual environment, may create a sense of understanding of the
tunnel layout.

Other possible explanations for participants choosing not to
enter the road tunnel in the simulations could be related to the
technical interface of the simulation medium, simulated
scenarios, or the technical aspects of the assessment, which
were based on MCQs. Because of this design, we could not
confirm what the study participants understood in a granular
manner. Participants may have considered the correct answer
to the question concerning tunnel entry. Thereis a20% chance
of answering correctly by simply guessing. However, in this
case, 0% (0/20) did, which may indicate a conscious choice to
not enter the road tunnel. However, there might be challenges
regarding responder clarity with MCQ formats, where the
responder simply failed to convert their reasoning to an intended
M CQ response. MCQs can often beimproved for clarity [48,49],
for example, by gathering experience with responses and
modifying questions to improve precision in ng specific
reasoning [50]. Ideally, a more detailed and interactive verbal
assessment could provide a more in-depth understanding of
participants’ reasoning to assess their competence [51]. In this
first evaluation of the simulations, MCQs were chosen to limit
subjective assessor bias and facilitate participant accessibility.

Another possible explanation for not choosing to enter the road
tunnel early is that the tunnel-specific e-learning course was
not sufficiently clear or effective in generating specific
knowledge among the participants on when to enter the road
tunnel system. Although the course content was reviewed before
this study, there was general agreement among the
convenience-sampled stakeholders that the learning objectives
were clear. It is possible that there was some knowledge decay
over the weeks before the 1-month assessment. During the
coursg, learning objectives were reinforced at multiple points.
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However, it is possible that the learning objectives were not
adequately reinforced during the course. Thisresult isimportant
for the further development of this type of e-learning course,
whichispotentialy going to be part of theformal training within
the EMS system as commissioned by the Swedish Transport
Administration.

Both the tunnel-specific e-learning course and the assessment
were conducted in adigital environment, and the practical details
of how the participants connected to the course and assessment
could have influenced their learning and performance. The
e-learning course and simulations used in this study were
designed for use on PCs; however, how the participants accessed
them was not controlled or reported. Participants’ experiences
with e-learning formats, materials, or assessment methods are
likely to influence learning and performance, where less
familiarity and comfort with e-learning media could impede
learning. A Cochrane review concluded that e-learning was no
more (or less) effective than traditional learning in improving
health professionals’ skills[52]. Devel oping thistype of course
or preparing for responses in complex and dynamic settingsis
challenging [53]. The applicability of a tunnel-specific
e-learning course or SOP in a real road tunnel incident in
Sweden needs to be studied further.

Secondary Results

There was poor performance at the 6-month assessment point
in both groups for the primary outcome, and the total number
of correct responses did not differ between groups or between
the same group at 1 month. Furthermore, secondary findings
showed that participant factors, such as sex, occupational
experience, and previous leadership course experience, were
associated with somewhat better performancein general for the
total number of correct decisions made. This can berelevant to
how receptive the participants are to the tunnel-specific
e-learning content. One notable secondary finding was that an
additional course in leadership was associated with poorer
performancein the assessment, although thiswas avery limited
sample and may not be atrue finding. It may be relevant to try
to determine precourse receptivity to specific learning goals at
some depth to inform course content and logistics.

Despite not observing an intervention effect in this study,
participants reported that their ability to make decisions or act
as ambulance commanders in road tunnel incidents increased
or remained unchanged after the trial, indicating boosted or
unaffected professional confidence, respectively. This personal
trait (confidence), together with work experience, has been
described as important for ambulance commanders in the
Swedish EMS [54]. These aspects need to be included when
designing this type of highly specialized e-learning course so
that both experienced and inexperienced staff may benefit.

The in-depth follow-up interviews offered some insights into
the reasoning behind the main outcome. In addition to the
aide-mémoire, lack of information (including risks) has been
identified as an issue. This is concurrent with recent findings
from interviews with other emergency services than the EMS
responding to road tunnel incidents [31]. A possible support
tool could be an application for joint information sharing, similar
to those currently used in the United Kingdom [55]. Timely

JMIR Form Res 2025 | vol. 9| €58542 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

access to adequate information may aid in the decision-making
process and result in an informed (and quicker) decision to enter
theroad tunnel.

Ambulance commander performance has been assessed in
different ways and reported [56] in web surveys [54] and
interviews [42], with performance indicators for completing
certain tasks, such as sending the first report to dispatch or
formulating guidelines for response within a predetermined
timeframe[38-40]. Assessing performanceindicators has been
used as a method to evaluate incident management in Sweden
[15]. This study presents a new method for evaluating
ambulance commander performance using simulation-based
assessment, which measures both the time and choice of
decisions. With this method, each decision can be evaluated
independently, potentially allowing the identification of
particularly time-sensitive and difficult decisions. This type of
detailed information can help to identify specific issuesor points
that might benefit from extra focus and resources.

Limitations

In the context of this newly designed and tested e-learning
course and the limited achievement of the learning outcomes,
several study design limitations can be discussed. Despite
substantial effort in validating the course content using external
(EMS personnel outside the studied region) and internal (EMS
personnel  with in-depth training and experience in
decision-making) methods, limitations in the validity and
reliability of the simulations and assessment methods may have
introduced systematic errors into the results. Regarding the
primary outcome, the assessment method may not have detected
course learning with sufficient granularity.

From apedagogical standpoint, different methods of how study
participants were presented with learning materials were used.
The control group received a short lecture (passive learning),
and the intervention group was active and participated in a
gamified learning environment. Thisdifferencein how learning
materials were provided has not been studied, as the content of
the tunnel-specific e-learning course and its influence on
decision-making was the main focus. However, research findings
indicate that students participating in active learning
environments learn more but have a lesser feeling of learning
compared to students exposed to passive learning [57]. A fedling
of learning less in an educational setting could have affected
the participants’ decision-making abilities. In future revisions
of thistunnel-specific e-learning course, the method of delivery
needs to be considered. For example, using a blended learning
model (including elements of both passive and active learning)
may have a positive impact on learning and critical thinking
[58]. In addition, more formative assessment steps in the
e-learning—focused tunnel response could provide more
reinforcement of primary learning goals, even though it was
thought that this aspect was adequate before the study.

Using knowledge tests (MCQs) after 1 and 6 months could have
influenced the result. It is known that knowledge and clinical
skills decay over time [59,60]. If the first simulation had
followed directly after the completion of the alotted courses,
adifferent outcome may have been observed. This study design
was chosen because there may be considerable time between
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an educational course and a real incident, leading to some
knowledge decay. For example, major road tunnel incidentsare
uncommon in Sweden. During the years 2003 to 2013, a total
of 926 incidents occurred in 10 of Sweden’s approximately 20
road tunnels (length of >300 m). Intheseincidents, 525 injuries
werereported. Most (n=523) were minor injuries (injury severity
score of 1-8), and no deaths were reported [61]. Hence, it may
be some time before participants can apply their knowledgein
ared-life setting, and retaining skills for nonroutine situations
is difficult [62]. Still, none (0/20, 0%) of the participants
correctly entered the road tunnel, which indicates a conscious
choice. Participants were not given the correct answers after
thefirst simulation, asthis may haveinfluenced them to change
their answersin the second simulation. Further devel opment of
the e-learning course is needed to facilitate the decision to
correctly enter the road tunnel in case of amajor incident.

The evaluation process of the tunnel-specific e-learning course
and simulation could have benefited from a more granular
assessment, such as using the 4-level (reaction, learning,
behavior, and results) model of assessing the effectiveness of
training programs proposed by Kirkpatrick [63]. In this study,
level 1 was assessed during the development phase of the
tunnel-specific e-learning course. Level 3 of the Kirkpatrick
evaluation model has been addressed through participants
self-assessed responses on how their ability to make decisions
or sense of security had changed. Level 2 of the Kirkpatrick
evaluation model (learning) could have been addressed properly
by adding athird question to the evaluation form, asking whether
the participants’ knowledge of managing road tunnel incidents
decreased, remained unchanged, or increased. Some aspects
concerning level 2 of the Kirkpatrick evaluation model were
discussed by the participants in the follow-up interviews.
However, a more structured evaluation could have been used
to assesslearning. Thiselement should beincorporated in future
revisions of the tunnel-specific e-learning course.

Other aspects that could potentially disturb learning goal
assessment in this study include external participant-specific
factors or human factors, such as whether participants were
unmotivated, tired, distracted, or stressed when attending the
course or the simulations. Adding images, videos, and sounds
to the simulation as part of realism may have aso affected the
participants’ focus or stress levels, for example, asinformation
overload can degrade performance. The National Board of
Medical Examiners addresses this aspect of combining media
and MCQs and recommends choosing video clips with fewer
distracting features [64]. Furthermore, areal road tunnel incident
may include noxious sensory inputs, such as smoke and high
noise levels. There must be a balance in designing training or
education to incorporate enough realism without overwhelming
the participant with excessive input.

Ambiguity or difficulty in interpreting the MCQs could have
contributed to systematic errors in the results. More extensive
work in formulating and eval uating M CQs may be an additional
step in future validation processes to support both formative
and normative assessment in this type of context. MCQs have
the advantage of standardization and efficient data collection
but, at the same time, must be carefully constructed to ensure
high validity concerning specific learning goals [50]. MCQs
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can be useful for simple and rapid performance assessments,
although other forms of assessment can provide more granular
data concerning learning phenomena [51]. However, in this
seriousincident context, whereimmediate binary decisions may
be needed in the setting of complex and incomplete information,
M CQ assessment was judged to be similar to the rapid decision
requirements in situations faced by ambulance commanders.

Applicability

This is the first iteration of a course intended for further
devel opment based on thisand other validation work for learning
effectiveness in this specific, complex environment and
professional response. A final e-learning course could be used
to give EMS personnel a basic understanding of the tunnel
environment and various risks. The fina version of the
e-learning course could include tunnel-specific plans and
aidemémoire and be used as a time- and cost-efficient
complement to other training methods, such as tabletop or
full-scale exercises. The findings in this study may be seen as
a proof of concept or demonstration of feasibility for course
delivery and assessment. Further eval uation and reconstruction
are warranted. For example, by incorporating a simulation as
the first step (and providing the user feedback on the result),
the EMS personnel could be able to identify individual areas
of improvement (eg, alack of risk awareness). Thisfeature may
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be useful so that personnel with different levels of experience
can focus on specific sections of the course. After completing
the course, EMS personnel could take a second simulation.
Results from both simulations can be used to identify individual
progression (or regression). Using this method, a partial
individual tailoring for thiskind of educational course could be
constructed. Thus, the findings indicate that both the gamified
e-learning content and assessments can serve as good learning
alternatives. Thelimitations presented in this study may provide
some support for other researchers considering the devel opment
of elearning systems for content areas involving complex
interventions in professional circumstances.

Conclusions

Participation in a tunnel-specific e-learning course did not
provide a measurable change in ambulance commanders
decision-making behavior in simulated road tunnel incidents.
The unwarranted reluctance of ambulance commandersin these
simulationsto enter the described twin-tube road tunnel system
could lead to unnecessary delays in the treatment of
time-sensitiveinjuries, with preventable morbidity and mortality,
if this were to occur in a rea-life situation. This type of
assessment of commander performance could be applicablein
asimilar educational context.
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