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Abstract
The purpose of this paper was to assess the possibility of using modern technologies, virtual reality (VR) and 
augmented reality (AR), to study the evacuation of passengers from ships. The evacuation of passengers from 
ships is usually studied from post-accident reports, laboratory or field experiments, and/or numerical model-
ling. Nowadays, with the rapid development of computer resources and wearable technology, evacuation can 
also be studied using VR or AR. The methods used in this paper for such assessments included a literature 
review (tools like Web of Science, Scopus, and Google Scholar indexing platforms) and comparative strengths, 
weaknesses, opportunities, threats (SWOT) analysis. The results demonstrated the great potential for the im-
plementation of VR and AR technologies within the shipping industry, similar to how they have already found 
applications in the research of pedestrian evacuation from buildings or open spaces. Finally, recommendations 
for their use in ship passenger evacuation are presented.

Introduction

Studies of ship passenger evacuations have 
traditionally been performed by investigating the 
reports and testimonies of actual accidents or per-
forming analysis based on available documented 
procedures (Lozowicka & Kaup, 2017; Łozowi- 
cka, 2019). In this type of research, scientists rely 
on post-accident available data and rules intro-
duced by governing bodies. The drawbacks of this 
approach are that some key information necessary 
to understand the causes of accidents might be 
omitted, and the replicability of the event is practi-
cally impossible.

Evacuation experiments can also be performed to 
study the evacuation process, whether in laborato-
ries or in the field. A laboratory environment ensures 
a controlled setting and the ability to repeat exper-
iments. Onboard field experiments are seldom per-
formed due to high costs, concerns with the safety of 
participants, and repeatability.

In addition to this, the safety science commu-
nity has developed several numerical evacuation 
models, of which the cellular automata model is 
the most frequently used for pedestrian evacuation 
modelling (Miyagawa & Ichinose, 2020). Genetic 
algorithms and programming can also be to solve 
evacuation problems from ships (Łozowicka, 2012b; 
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Lozowicka, 2021); however, for these simulations to 
be credible, some form of experimental verification 
is needed.

To overcome the stated challenges, researchers 
have used virtual reality (VR) and augmented reality 
(AR) technologies for pedestrian evacuation simula-
tion and modelling. Both VR and AR technologies 
can immerse an occupant into a virtual environment, 
but they do so in different manners. VR tends to 
lean more towards a virtual environment, while AR 
strives towards a realistic environment.

In AR, a user can partially perceive the real sur-
roundings because 2D or 3D virtual elements are 
superimposed or blended with them (Figure 1). AR 
produces a close experience to the real surround-
ings because it enriches them, rather than generates 
a complete virtuality like VR (Carmigniani et al., 
2011). This augmented reality can be experienced 
through wearable technology like head-mounted 
displays (e.g., Magic Leap One, Microsoft Holo-
Lens, Google Glass), or mobile handheld video-see-
through devices (e.g., tablets or smartphones).

In VR, the environment and all objects inside it 
are fully computer-generated (Milgram & Kishino, 
1994), so users are not conscious of their real sur-
roundings (Figure 1). Virtual content is shown via 
stereoscopic displays that come in a form of wear-
able technology (e.g., head-mounted displays), large 
screens, or wall projections (e.g., virtual rooms).

The purpose of this paper was to investigate the 
possibility of using VR or AR to study the evacuation 
of passengers from ships to overcome the limitations 
of traditional approaches by using modern comput-
er resources and wearable technology. VR and AR 
have already found applications in the research of 
pedestrian evacuation from buildings or open spaces, 
but they have not been implemented in the shipping 
industry, which was the main driver of this research. 
In this paper, a comparative strengths, weaknesses, 

opportunities, threats (SWOT) analysis of VR and 
AR evacuation technologies was performed based 
on a comprehensive literature review. The first part 
of the paper provides an overview of the literature 
reviewed and emphasizes the papers concerned with 
VR and AR on ships. Second, a larger part of the 
paper deals with SWOT analysis but in a compara-
tive manner for the reader to distinguish the unique 
features of the two technologies. Most of the refer-
ences are based on the application of these two tech-
nologies in the evacuation of buildings or open spac-
es, so the SWOT analysis here is performed within 
the context of the shipping industry to provide rec-
ommendations for their use in ship passenger evacu-
ation. A discussion with further research is provided 
at the end of the paper, followed by conclusions.

The methodology used to obtain the results 
involved both quantitative and qualitative research. 
Quantitative analysis was used to perform the initial 
screening of available literature references across 
global indexing platforms and to measure and cat-
egorize the findings through statistical analysis. It 
uncovered relationships between the researched 
field and helped generalize the data. A qualitative 
discussion was performed afterwards using SWOT 
analysis to uncover the optimal match between the 
internal strengths and weaknesses of a given entity 
and environmental trends (opportunities and threats) 
that the entity must face (Rizzo & Kim, 2005). The 
SWOT strategy took advantage of the entity’s oppor-
tunities by employing its strengths and by proactive-
ly addressing threats by correcting or compensating 
for weaknesses.

References review

Ship passenger evacuation fits within the frame-
work of pedestrian evacuation, so this study began 
with this broader perspective. Web of Science 

       

a) b)

Figure 1. Virtual fire placed in a: a) VR, b) AR environment of a ship’s engine room
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(WoS), Scopus, and Google Scholar indexing plat-
forms were considered for this part of the research, 
but the latter was omitted because it contains 
many non-academic sources (Martín-Martín et al., 
2018). The literature review concentrated on the 
last decade (2011–2020) since this is the period in 
which VR and AR technologies emerged (Jang et 
al., 2019).

Many researchers have produced publications 
with the topic of “pedestrian evacuation” and “crowd 
evacuation”, as shown in Figure 2. For instance, 
in Web of Science, there is a considerable jump in 
published papers, from 35 in 2011, to 277 in 2020, 
with the peak in 2019 of 300 papers; however, as 
the research presented in this paper is concerned 
with the use of VR and AR technology in pedestri-
an evacuation, this initial list of published literature 
was filtered using the keywords “virtual reality” 
or “augmented reality”. This filtering significant-
ly decreased the number of papers in Web of Sci-
ence, and less than 3% of all papers dealt with these 
advanced technologies for pedestrian evacuation. In 
Scopus, this percentage was a bit higher, with almost 
13% of all papers dealing with VR and AR.

Papers dealing with the topic of “pedestrian 
evacuation” and “crowd evacuation” were also fil-
tered using the keyword “ship”, to get insight into 
the research focused on ship evacuation. This search 
string produced just 40 (Scopus) and 28 (WoS) 
papers published in the last decade. If the use of 
VR and AR in ship evacuation was inserted into the 
search procedure, 11 (Scopus) and 2 (WoS) papers in 
the last decade were filtered.

An obvious discrepancy can be perceived 
between the number of papers dealing with the use 
of VR and AR to study pedestrian evacuation in gen-
eral compared with the use of VR and AR to study 
the evacuation of passengers on ships. This research 

gap needs to be filled to make use of modern tech-
nologies within the specific context of the shipping 
industry and, eventually, to try to improve the safe-
ty of passengers on board. The following SWOT 
analysis serves to stress the strengths, weakness-
es, opportunities, and threats standing before the 
implementation.

SWOT analysis

In this chapter, a qualitative discussion of VR and 
AR as a training and research tool in ship passen-
ger evacuation is performed using SWOT analysis 
(Table 1). SWOT stands for the strengths, weakness-
es, opportunities, and threats of a considered product 
or method (Jović et al., 2020; Skoko, Lušić & Pušić, 
2020). Some features of SWOT are shared by both 
technologies, while some stand exclusively for VR 
or AR (Table 1). Strengths refer to the characteris-
tics of the tool that give it an advantage over others, 

Table 1. Comparative SWOT analysis of VR and AR technologies

Augmented reality
Virtual reality

Strengths •	 Controlled environment
•	 Safety
•	 Full virtual immersion

•	 Internal validity
•	 Replicability
•	 Flexibility
•	 Real-time feedback

•	 Ecological validity
•	 Real-world navigation
•	 Easy programming

Weaknesses •	 Simulator sickness
•	 Demanding programming

•	 Experimental validation •	 Limited functionality of wearable hardware 
•	 Tracking and recognition

Opportunities •	 Multi-sensor simulations
•	 Use of wearable hardware

•	 Scientific opportunities
•	 Interoperability

•	 Intuitive UI
•	 Blending with evacuation procedures

Threats •	 Medical side-effects •	 Full validity
•	 Misleading expectations
•	 Ethical issues

•	 Privacy

2011    2012     2013    2014    2015    2016     2017    2018    2019     2020
PE&CE (WoS)
PE&CE&VR/AR (WoS)

PE&CE (Scopus)
PE&CE&VR/AR (Scopus)

320

280

240

200

160

120

80

40

0

Figure 2. WoS and Scopus index records of references pub-
lished in the period 2011–2020 on the topic of “pedestrian 
evacuation (PE)” and “crowd evacuation (CE)” with filter-
ing using the keywords “virtual reality (VR)” and “aug-
mented reality (AR)”
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while weaknesses are related to the characteristics 
that put it at a disadvantage relative to others. Oppor-
tunities refer to conditions in the environment that 
the tool could exploit to its advantage, while threats 
are the conditions in the environment that need to be 
overcome.

Shared strengths

•	 Internal validity refers to the extent to which 
a study establishes a confident cause-and-effect 
relationship (All, Castellar & Van Looy, 2021). 
Although both VR and AR offer relatively high 
levels of experimental control, in AR there is less 
possibility to control the environment in which 
the virtual objects are placed. In VR, it is possible 
to completely control the environment, allowing 
clear causal analysis. This should be considered 
when choosing one technology over another 
onboard a passenger ship. If AR is chosen, care 
must be taken to ensure that the environment 
intended for conducting the study is secured and 
free from subjects or objects that could jeopardize 
the outcome.

•	 Replicability refers to the repetition of a study 
using the same methods (Chard et al., 2020). 
Both VR and AR studies offer high replicability 
because similar equipment is used. VR can be rec-
reated and replicated almost completely, while the 
replicability of AR depends on choosing the same 
or similar real-world environment. Moreover, the 
study setting and software can be shared using 
cloud computing.

•	 Flexibility refers to the possibility of adjustments 
in studies (Zhao et al., 2020). Changes, varia-
tions, and alterations in VR and AR studies can be 
implemented relatively easily and quickly during 
the investigations to account for a wide range 
of scenarios. This can be particularly important 
when performing AR studies on real passenger 
ships. Quick adjustments can be implemented 
onboard to address the challenges raised during 
the originally planned evacuation scenario.

•	 Real-time feedback refers to the precise and 
instantaneous monitoring of various physical 
parameters of the participants, e.g., heart rate and 
fatigue, using wearable technology (Naylor et al., 
2020). When performing AR studies onboard, 
real-time monitoring is essential since partici-
pants can enter enclosed spaces, progress along 
a heeled ship, or be part of a moving crowd, all 
of which can provoke elevated stress on a human 
body.

VR strengths

•	 A controlled environment is a specific strength of 
VR because studies can be performed in a safe 
laboratory environment (Lv et al., 2020) on a dig-
ital twin of an actual ship. In contrast, an AR study 
needs to be performed in a real-world environ-
ment, on an actual ship, which can be challenging 
for the participants and organizers of a study.

•	 Since the VR studies of evacuation processes can 
be performed in a laboratory environment, this 
technology offers a higher level of safety for par-
ticipants than AR (Morélot et al., 2021). If per-
forming evacuation studies that would include the 
heeling or listing of a vessel, the VR setting pres-
ents a safer solution for participants.

•	 In VR, occupants are placed into a fully virtual 
environment, and all objects inside of it are digi-
tally created, enabling full immersion into the vir-
tual reality and eliminating the ability to perceive 
real surroundings (Morélot et al., 2021).

AR strengths

•	 Ecological validity refers to the degree of coin-
cidence between the study methods and the real-
world scenario (Lovreglio & Kinateder, 2020). 
The ecological validity of AR is significant 
because the user is immersed in a real-world envi-
ronment, and a blend of virtual and real elements 
is relatively easy to accomplish. Also, the eco-
logical validity of AR can be improved by add-
ing multiple physical stimuli (e.g., olfactory and 
tactile).

•	 Real-word navigation is a specific strength of 
AR, as it offers a participant an experience clos-
er to the real environment because it enhanc-
es the physical real-world environment rather 
than constructing a computer-generated virtual 
world, like in VR. This is of particular impor-
tance to operations that are conducted on a ship 
(Grabowski, 2015) because of the complexity of 
the systems, which include passengers of differ-
ent abilities, professional crew, and a challenging 
sea environment.

•	 AR environments can be programmed relative-
ly easily. For an introduction into AR, several 
mobile applications exist, which can be comple-
mented with 3D objects available in commercial 
repositories (Bandara et al., 2020); however, for 
advanced and experienced users, serious knowl-
edge of programming is necessary. Compared 
with VR, AR typically requires fewer 3D models. 
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This allows for relatively effortless implementa-
tion within real ship architecture.

Shared weaknesses

•	 Experimental validation refers to performing 
non-computational investigations to reproduce 
scientific findings obtained by computational 
methods. As the VR and AR technologies are 
relatively new, some form of validation is need-
ed for the study results to be accepted; however, 
several studies have shown that VR and AR can 
improve the realism of the training (Picallo et 
al., 2021). A distinct weakness of the experimen-
tal validation of VR and AR in ship passenger 
evacuation is that onboard field experiments are 
demanding in terms of time, resources, and safety 
of participants.

VR weaknesses

•	 Simulator sickness is a significant weakness of 
VR technology because users have often reported 
this when participating in VR studies (Keshavarz 
et al., 2021). In simulations of onboard evacuation 
processes, this can be further emphasized if the 
VR setting is complemented with the ship motion 
simulations (Pettijohn et al., 2020).

•	 VR requires the creation of a full 3D environ-
ment. This type of content creation is associ-
ated with a significant workload and computer 
resource demand. For example, a whole ship or 
large sections of a ship need to be created in VR to 
perform the study, while AR uses the real-world 
environment and places digital objects over them; 
however, this workload can be reduced if the dig-
ital twin concept of a ship is used to build the VR 
environment (Mikulić & Parunov, 2019).

AR weaknesses

•	 The limited functionality of wearable hardware 
is a primary concern of AR technology. AR hard-
ware comes in a form of wearable technologies 
like head-mounted displays, whose main disad-
vantage is that they offer a relatively small field of 
view (Xiong et al., 2020). If AR is used on a ship, 
this limited view field can endanger the partici-
pant and, if AR is used within a group of partici-
pants, limit the cooperation of the group.

•	 Since the user of AR technology is moving in a real 
environment, the AR application needs to continu-
ously position the user and track their movement. 

Tracking can be accomplished via GPS sensors 
built into the AR devices, but GPS availability 
can be limited in closed spaces (Garbett, Hartley 
& Heesom, 2021). Another option is the use of 
markers placed in an environment when an AR 
device is continuously searching for them as ref-
erence points. A secondary challenge, the recog-
nition of the surroundings, needs to be answered 
to reconstruct the shape of the environment to be 
able to add virtual elements. This is especially 
important in enclosed spaces (corridors, halls, and 
rooms) onboard a ship, when a user cannot rely 
on a GPS signal. The recognition of surroundings 
requires an adjusted numerical algorithm, along 
with powerful computing resources.

Shared opportunities

•	 Scientific opportunities mean that the VR and AR 
technologies open up new horizons for scientists 
and researchers. Relatively affordable equipment, 
open-source codes for programming, and intuitive 
use of existing applications and hardware open 
paths for future research that are not necessarily 
time- and resource-consuming like field investi-
gations on ships.

•	 Interoperability assumes the exchange of virtual 
settings, environments, scenes, and/or experi-
ments. A significant amount of time and resources 
can be spared when research teams deal with VR 
and AR technologies to share their achievements 
through exchange platforms or cloud computing 
(Khan et al., 2021).

VR opportunities

•	 Multi-sensor simulations provide the opportunity 
to incorporate stimuli beyond visual and auditory 
stimuli. In a safe laboratory environment in which 
VR studies can be performed, additional stimuli 
can be added, e.g., tactile, olfactory, thermocep-
tive (Kang, Sah & Lee, 2021). Adding heat as an 
element to study fire rescue procedures could help 
achieve a better blend of VR environments and 
actual settings.

•	 In VR, virtual content is typically shown via ste-
reoscopic displays in the form of large screens, 
wall projections, or wearable hardware (e.g., 
head-mounted displays). The use of wearable 
hardware can significantly improve the user 
experience, especially with the use of intui-
tive user interfaces (Ameen, Hosany & Tarhini, 
2021). This allows for free motion and better 



Goran Vukelic, Goran Vizentin, Ana Peric Hadzic

104	 Scientific Journals of the Maritime University of Szczecin 68 (140)

interaction of participants moving along the VR 
ship environment.

AR opportunities

•	 AR systems nowadays offer user interactions via 
hand gestures, voice commands, or input devic-
es. Hand gestures need to be easy and intuitive 
to perform, while also precise enough so that the 
system can interpret the user input appropriately 
(Kyriazakos & Moustakas, 2016). Voice com-
mands promise complete hands-free navigation 
and interaction with the device, but challenges 
in speech recognition remain. Input devices can 
be paired with AR systems to ensure the direct 
and correct transmission of input signals and to 
allow for a wider and more flexible range of input 
opportunities.

•	 As for the blending of AR with evacuation res-
cue procedures, training can be performed using 
AR navigation and tracking elements placed 
over a real-world video feed (Goldiez, Ahmad & 
Hancock, 2007). Various scenarios can be devel-
oped to train rescue crews in emergency situa-
tions involving fire or smoke in enclosed spaces 
(Xu et al., 2014), such as on a ship. In general, 
a comparison of experiments performed using AR 
technologies with field or laboratory experiments 
(Haghani, 2020a) and real case studies (Haghani, 
2020b) show that the real-life behavior of people 
can be relatively accurately tested and observed 
using AR technologies.

Shared threats

•	 The biggest threat to VR and AR as a research tool 
is the failure to demonstrate their validity. These 
new technologies can prove useful only in case 
they are comparable to what might be expect-
ed in a real-world environment (Duarte, Rebelo 
& Wogalter, 2010). As the technologies are devel-
oping, and new applications are still being dis-
covered, systematic validation has still not been 
performed; therefore, future studies will be nec-
essary, especially in a complex system like pas-
senger ships.

•	 VR and AR are emerging technologies, and users 
must be aware of their limitations, some of which 
have been discussed here. Otherwise, misleading 
expectations could be built on the side of partic-
ipants (Alamäki, Dirin & Suomala, 2021) and 
also the funders of the study. This is important for 
when these new technologies are to be introduced 

to the shipping industry so that they do not fail to 
meet the expectations of the shipping companies, 
which may cause a loss of interest in a technology 
with great potential.

•	 Even though most participants are aware that 
no serious threat comes from virtual hazards in 
VR and AR, some may still experience discom-
fort (Royakkers et al., 2018). Long-term conse-
quences should be avoided, e.g., traumatization or 
fear. Care must be taken to eliminate participants 
that cannot differentiate between virtual and real-
world environments.

VR threats

•	 Care must be taken to avoid the development of 
medical side-effects for participants suffering from 
pre-existing medical conditions. In relation to the 
already-elaborated motion sickness in VR, virtu-
al reality can cause specific phobias (of enclosed 
spaces, heights, etc.). On the other hand, research-
ers have reported studies where exposure to a con-
trolled VR environment helps overcome specific 
phobias (Malbos, Burgess & Lançon, 2020).

AR threats

•	 AR devices can be used to measure, store, and 
share user-specific biometric data, which raises 
concerns over privacy and security (Ameen, Hosa-
ny & Tarhini, 2021). In order to establish trust in 
this technology, a protocol must be defined to 
determine how the data will be collected, stored, 
and shared.

Discussion

A major specific strength of VR is the fully-im-
mersive environment, while a major strength of AR 
is real-world navigation. The major shared weak-
ness of both technologies is experimental validation. 
These features lead to answers to the question: What 
can(not) we study using VR and AR technologies?

VR and AR can be used to design complex study 
cases of passenger evacuation, allowing evacuation 
scenarios to be designed in detail. They allow study-
ing how pedestrians react to fire, smoke, or flood, 
and behavioral data can be monitored and collected. 
What sets VR apart from AR is the fact that VR can 
be used to study evacuation scenarios even before 
a new ship has been built. That way, VR allows the 
identification of potentially challenging evacuation 
routes in the project stage of a new ship. AR, on 
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the other hand, can be more successfully employed 
in training exercises for passengers and crew as it 
offers high levels of virtual content immersion in 
real-world surroundings. Further research should 
concentrate on applying VR technologies in the 
design stage of developing a new passenger ship and 
applying AR in exercise routines on board.

It is important to bear in mind that virtual and 
augmented reality are not reality. Occupants will, to 
a greater or lesser extent, be aware that they are in an 
artificial environment. That means that only observa-
tions from real events (to a greater extent) and unan-
nounced drills (to a lesser extent) can provide insight 
into the reactions of occupants in stressful situations. 
This is the already-mentioned major weakness of the 
technologies, in which the obtained findings must 
be validated experimentally. That, however, doesn’t 
limit the use of VR and AR in the field of ship pas-
senger evacuation. The public is especially sensitive 
to maritime accidents and crises (Gračan & Agbaba, 
2021), so the cruise industry does everything it 
can to ensure the safety of its passengers (Vassalos 
&  Paterson, 2021). These new technologies now 
offer the possibility to act as a complementary means 
to study evacuations and have prospects to take the 
lead in the field in the future.

Conclusions

The relatively small number of publications on 
VR and AR in evacuation modelling shows that 
these technologies are still not widely adopted; how-
ever, the ever-increasing number of publications in 
the last decade suggests that the topic has the interest 
of researchers. To date, VR and AR are commonly 
used for evacuation training in buildings and open 
spaces. Their application to improve ship evacuation 
procedures has not been investigated to the same 
extent.

SWOT analysis of VR and AR in the cruise ship 
industry shows that the strengths and opportunities 
outweigh their weaknesses and threats. A number of 
shared strengths and opportunities implies the sim-
ilarity and interchangeability of both technologies. 
Specific features that distinguish them, however, 
exist, and they are based mostly on the way in which 
the virtuality is perceived and what type of hardware 
is used. The development of wearable technology 
that will put VR and AR in the hands of a single user 
is the biggest opportunity for the industry.

VR and AR can be used to model practically 
every parameter of the advanced evacuation analy-
sis of a ship. The layout of the escape routes can be 

relatively easily altered. Age, gender, physical attri-
butes, and response durations of the passengers can be 
altered artificially. Static and dynamic conditions of 
the ship that influence the passengers’ moving speed 
can also be modified. A great advantage is that stud-
ies can be performed without any actual danger to the 
participants. It is expected that the number of cruise 
ships will increase (Oniszczuk-Jastrząbek &  Czer-
mański, 2019), and the results obtained by using 
these technologies (Vukelic, Vizentin & Francic, 
2021) can be used in the modern ship design process 
(Szelangiewicz & Żelazny, 2020), to improve safety 
procedures (Łozowicka, 2012a), or even for post-ac-
cident analysis (Bayazit, Toz & Buber, 2020).
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