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ABSTRACT 

Computer and virtual simulation-based training (CST) offer several benefits for emergency response and 
management preparedness. However, organizations responsible for training are often hesitant to use CST, based 
on cost and perceived lack of benefit when compared to live simulation training (LST). This paper investigates 
how CST can complement LST, and how it contributes to achieving the necessary learning objectives for level 
one fire and rescue service incident commanders (ICs). Data and examples come from an experimental study with 
students from different fire and rescue services trained in the role of the IC in LST and CST, in a similar scenario. 
Results show the cost and benefits of the CST implementation based on evaluations from learners, instructors and 
responsible managers. Participants had a positive attitude towards using virtual simulations, but the results also 
point to barriers regarding the suitable design of learning scenarios and implementation. 
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INTRODUCTION 

Practice-based training is crucial in preparing new Incident commander (IC) students for their future role, allowing 
them to experience high presence in training handling the incidents they will face in todays’ society. Practice-
based training is crucial and also argued to be the most effective, even for training non-technical skills (Flin & 
O'Connor, 2017).  Since real life expose the ICs to a large variety of incidents,  the students should be able to train 
their role in a large number of different situations. Not only to learn the various actions they can decide to take 
and the expected effects of these (i.e., the tactical and technical skills) but they also need to become familiar with 
their role as an officer, which includes practicing situation assessments, communication and decision making 
during critical circumstances (i.e. the non-technical skills). In this study, we compare two practice-based training 
methods; live simulation training (LST) and computer-based simulation training (CST).  

For many organizations and for a long time, LST and exercises at a fire and rescue training field have been 
considered to be the most realistic form of training, aimed to provide an experience as near to a real as possible. 
In addition to this, photographs, videos and tabletop models have been used to train ICs, which provide more 
discussion-based teaching methods. Until about a decade ago, these methods have also been the only commonly 
available methods for training. Due the development of virtual environments and computer game technologies, 
there are now computer simulation-based training (CST) tools and applications that provide new learning 
environments, new methods and also new possibilities to develop learning scenarios supporting IC training 
(Chittaro & Sioni, 2015; J. K. Lamb, Davies, Bowley, & Williams, 2014; Williams-Bell, Kapralos, Hogue, 
Murphy, & Weckman, 2015).  Many organizations responsible for fire and rescue IC education and training have 
reported the unique benefits of using CST. Examples of these benefits are; training in situations that are not 
possible in LST (e.g. plane crash, a bomb explosion on a train), more robust training possibilities, the possibility 
to reuse precisely the same scenario several times and thereby assess students in equal situations, and for lower 
costs (Heldal & Hammar, 2017). However, several organizations are hesitating to adopt CST, even if they have 
access to it. To examine the benefits and limitations of CST in comparison with LST for IC training, an 
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experimental study was designed, were the CST was developed based on the scenarios previously used in LST.  

The broader motivation of this study was to examine how the benefits from two different environments can be 
combined for improved training situations. Since the users are IC students, and the technology needs to be 
understood and adjusted by instructors, this paper utilized CST scenarios similar and comparable to scenarios 
used for LST. However, the vision is to contribute to investigating added values of CST that are about practicing 
scenarios that cannot be trained via LST.  

The comparison is based on an experimental study of a class of IC students and the return of  investment is 
calculated for the CST and LST. 

This study aimed to answer the following three research questions from IC learners, their instructors, and from 
responsible managers for CST and LST after experiencing both types of training: 

1) Can CST replace LST? 
2) What main values of CST do the learners and instructors express? 
3) How may the design of a CST support or disturb training? Here we focused on the photorealism of 

scenarios, objects, and people.   

These questions are interesting since there are several obvious similarities and differences between CST and LST. 
Similarities can relate to the similar learning objectives and performance of certain tasks. Differences are related 
to the different experiences in live or virtual environments, the nature of the different settings, elements of 
representations (e.g., humidity, smoke, heat, weight), activities performed during the tasks (e.g., acting in a field 
or with a gamepad or joystick), but also the possible outcomes may vary. While LST requires physical training 
fields with real objects, CST requires computers, large screens, and software licenses. 

Both training methods are resource demanding but in different ways. While both require dedicated instructors and 
careful plans; the plans to conduct and assess  LST require different competencies and support than corresponding 
CST (K. Lamb, Boosman, & Davies, 2015). Organizations responsible for  IC education and training need 
different rules for LST and CST implementation and use (Fomin, Heldal, & Wijkmark, 2018). Many have 
developed methods and tools to use LST in their educational activities, but at the same time they question if LST 
can provide the needs for IC training in this changing society, were several new challenges and risks constantly 
emerge (Heldal and Hammar 2017).   

While the practice acknowledges the response “no” for the first question above, the question has to be asked and 
a discussion should begin considering the practitioners starting points and perspectives. In the same way, the usual 
house fire scenario may seem to provide a too simplistic training when CST delivers the possibility to train in 
situations not possible in LST, e.g. skyscraper fires, flooding, terrorist attacks. However, it is essential to allow 
users with no prior CST knowledge to experience training in a similar scenario in both LST and CST, for them to 
understand and point out the similarities and differences (e.g. Chittaro & Sioni, 2015; Heldal, 2004, 2018).  

This paper presents an experimental study examining a class of IC students participating in training, with the focus 
on the role of the IC and the necessary tasks during response to an incident, here an uncomplicated house fire. 
According to our knowledge, this is the first systematic approach to comparing LST and CST for IC training. To 
make the comparison possible, the same scenario with the same preconditions was planned and developed in CST, 
as in the LST. At the same time, this limited the potential beneficial use of CST, where more cues (risks, complex 
fire and smoke behavior, and effects of different action etc.) could be added and utilized and more complex IC 
assessments and decision-making training could be included. In addition, we compare a limited CST with a usual 
LST through observations, questionnaires and interviews with learners and their instructors.  

BACKGROUND 

Technology resistance is not a new phenomenon, and such resistance may even be beneficial for an organization, 
for example, if older technologies are replaced by newer ones without enough advantages to motivate the cost in 
terms of learning the modern technology (see e.g. (Adner & Snow, 2010)). However, having a technology without 
clear reasons for it can result in non-use which also can cause confusions (Toftedahl, Hoffman, & Björk, 2012). 

Today, the most common form of training for incident command is in classroom-like situations and via practice-
based live training (Hammar Wijkmark & Heldal, 2015). There are already proven methods at many organizations 
to develop and assess these training situations, even if this may require extensive resources of training personnel, 
specialized facilities and well-planned live scenarios. Classroom situations like lectures, discussion based methods 
using table top models, video and photos are necessary to learn rules, procedures and regulations as well as live 
simulation were the IC student can practice interacting with a team of firefighters; to gain the necessary knowledge 
and acquire routines, procedures and skills. Therefore, one crucial question when introducing CST concerns its 
role in relation to existing training, that is, if CST can replace or complement the current training methods. Most 
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executives may understand the added benefit in terms of costs, or increased quantity of training (that was even the 
argument for purchasing the technology), but that is not a strong enough argument to implement it more actively. 

LST is necessary for the IC students to gain experiences related to physical objects and conditions and leading a 
team of firefighters. At the same time, LST is limited to only the types of incidents that can be simulated in these 
fields, due to the cost, the safety and environmental regulations related to existing objects, buildings, vehicles, 
etc. One building has to represent several different real-world objects, e.g., apartment house, cruise ship and 
workshop, and the building has to be built to hold for repeated fires several times per day, for many years. These 
preconditions result in sheet metal and concrete buildings that lack visual similarity to the real world object they 
represent. The safety regulations limit the amount of fuel (i.e. wood which is the only allowed fuel) that can be 
used whereby an incorrect or missing decision on action will result in the same consequence as a correct decision 
on action, i.e. the fire will go out in either way. The fire cannot spread and the smoke and flames cannot visualize 
the flames and smoke from a real house on fire (i.e. with burning plastic and other materials). At the same time, 
the IC training objectives include assessing the situation and gathering detailed information about the incident, by 
visual examination of the building and the search for information and cues in the fire and smoke behavior, the 
building construction etc. Such cues are very hard, and mostly impossible, to simulate and include in LST, but 
easy to visualize and simulate in CST (St Julien & Shaw, 2003). 

Fire and rescue personnel, especially ICs, have to make many time-critical decisions in possibly life-threatening 
situations where their task is to protect the safety of civilians, the team, and property. Due to emergency situations 
being unpredictable, time-critical and high-risk situations, firefighters and ICs have to go through extensive 
training (Hammar Wijkmark & Heldal, 2018). Additionally, the quick development of society includes new 
infrastructures, transportation possibilities, housing, communications, living habits and new materials in our 
houses, cars, and clothes. Even the magnitude of accidents changes. At the same time as house fires and every 
day accidents may decrease due to preventive activities, the fire and rescue services need to develop preparedness 
for the more unusual and seldom occurring, complex incidents caused by man or changing climate. It is difficult 
to provide LST and other traditional methods for these situations. Harbors cannot be closed to practice large ship 
fires (Jansen, 2014), and the same fire cannot be repeated hundreds of times, in the same way, to allow to prepare 
or to examine a hundred firefighters in the same manner, or perform debriefing in the same manner (Chittaro & 
Sioni, 2015). An instructor can speak about such situations, but experiencing these in simulated environments can 
offer more realistic experiences or higher awareness for decision-making situations (Molka-Danielsen, Prasolova-
Førland, Hokstad, & Fominykh, 2015; Polikarpus, Bøhm, & Ley, 2019). 

How to train for ‘the unexpected’ is far from obvious. Just planning realistic enough training situations requires 
extensive resources of training personnel, specialized facilities, and well-planned even live-fire scenarios.  
Between the many benefits of CSTs, there are also additional ones, e.g. enhancing the motivation to train, 
providing improved insight into new situations, and allowing accessible training, traceable actions and repeatable 
scenarios for debriefing and evaluation of a practiced event (Girard, Ecalle, & Magnan, 2013). The latter provides 
a learning environment where learning from mistakes is possible, in contrast to real-life settings and LST. Being 
able to use CST technology for distance training is particularly attractive for many Scandinavian organizations 
due to a large number of small rescue services in rural locations and a large proportion of part-time firefighters 
and ICs.  For example, 68% of the operative Swedish fire and rescue service personnel are part-time employees 
(MSB, 2010). 

STUDY DESIGN  

The study took place at the training field at the Swedish Civil Contingencies Agency (MSB) Collage in Sandö, 
three days in September 2017 (pre-study) and a week in October 2017 (experimental study).  

The pre-study focused on collecting data to develop a CST comparable to an LST, based on observable, important 
learning objectives in the MSB IC course. This part also included designing and developing a similar CST for 
achieving the same objectives. The experimental study focused on determining costs and benefits, limitations and 
possibilities of CST and included thoughts about integrating it in more complex training within the same or other 
courses. 

Pre-study 

During the pre-study, six different learners from an IC class were observed in the classroom and an LST situation. 
In the classroom, the instructor presented the different phases of an incident, seen from the role of the IC, i.e. what 
the IC is obligated to do during these phases: i.e. risk assessments, assessment of the situation, decisions on 
actions, communication with team and command, reports etc. (see Figure 1). The understanding of these phases 
and the ability to act in the role as an IC in a response to an incident are the learning objectives of the classroom 
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lessons and first LST, and consequently the CST.  

 
Figure 1. This figure describes the most important phases (arrows) and actions (stars), where the IC student should 

report to higher command or make decisions. 

The confirmation of the call, the “window report” (the short report via radio which the IC gives when arriving to 
the scene, that confirm or adds to the information in the call) and the first situational report (the reports is give via 
radio, including the object affected, damage, risks, threats, objectives, actions taken and planned, the time 
estimate) were identified as the first main learning objectives that the ICs need to achieve in this part of the course. 
Observations of the theoretical lesson in the classroom and during the first LST (including AR) were performed 
to gather more information about this. The students and instructors were interviewed about their opinions and 
expectations on how CST could complement LST, and what expectations they had on a CST that would allow 
training for these objectives.   

The scenario identified for this study was a house fire (see Figure 2).  A similar CST scenario was constructed 
based on the observations of the LST and the interviews but also included a few new experiences. These new 
experiences were systematically handled (observed, discussed) in the following CST.  

       
Figure 2. An IC student and four firefighters responding to the LST incident (right) and CST incident. 

They were inspired by commonly experienced situations in real incidents, e.g. using more realistic houses, 
handling bystanders, journalists at the scene etc. The CST scenario was improved during several iterations and 
through the evaluation of IC instructors until the instructors recognized that it could provide the learning objectives 
necessary and similar to the LST.  

Experimental study 

The experimental study was planned for a new class of IC students on the same level as the learners in the pre-
study. None of the learners had experienced CST before. Data for this study also was collected from managers 
responsible for the education, instructors and the IC students. LST and CST experiences were set up as a within 
groups study. The same participants, IC students, took part in experiencing both training methods, half the group 
first in LST and then in CST and the other half vice versa. The LST and CST training was observed by researchers, 
instructors and the involved managers. As we pointed out, the CST included more actors (avatars with several 
roles and expressions) involved in the incident, e.g. victims, bystanders, and journalists. The basic narrative for 
the incident, however, was the same.  

Eleven different students from this class were observed during their individual training session and interviewed 
afterward. The six observing instructors and three observing managers were also interviewed regarding their 
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