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Introduction

Setting the Stage

Human failure is by far the largest contributor to maritime 
accidents (e.g., Bjørneseth, Dunlop, & Strand, 2008). In the 
maritime industry there is a move towards including User Centred 
Design (UCD) processes (Norman & Draper, 1986) in an effort to 
ensure safer operations at sea (Mills, 2006). The maritime sector 
deals with safety critical operations where a range of systems, 
equipment, vessels, and personnel collaborate in complex 
operations. In the early phases of designing for such operations, 
designers need to deal with multiple levels of complexity in 
contextually related systems.

A major challenge for performing UCD in maritime 
settings is to holistically understand the needs and actions of users 
and use practices in terms of both contexts and systems. Computer 
simulated scenarios realised by game engines may help us meet 
this challenge through simulation and visualization of several 
systems and behaviours simultaneously (Winsberg, 2010). A 
scenario can be described as series of hypothetical actions and 
events (Bødker, 2000). Broadly, simulation refers to the modelling 
of real world situations via representational, meditational and, 
increasingly, computational design techniques. A game engine is 
a software framework used in the process of creating and running 
computer games. The game engine renders that which enables the 
game experience in the game world through modules of technical 

infrastructures (Nideffer, 2003). Simulation software is part of the 
game engine’s running of game functions or the mimicking of real 
world behaviours based on mathematical models.

We take up the use of real-time 3D game engines as 
a design tool by interaction/product designer-researchers in 
order to simulate possible future shared user scenarios in the 
maritime domain. This innovation perspective places attention on 
conceptualisation and simulation in design practice and inquiry. 
However, applying computer simulated scenarios to UCD is not 
straightforward. When deploying computer simulation in UCD, 
there is a need to develop rich and pragmatic approaches that 
connect human actions with technologically mediated renderings.

Below we examine how computer simulated scenarios can 
be used as a means to facilitate a maritime design process related 
to risk, safety, and operations by posing two key questions: 1) 
How may computer simulated user scenarios be used as a means 
to facilitate a design process to explore and reveal possible design 
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solutions and problems in the maritime sector? and 2) How may a 
game engine be used as a design tool in user scenario development 
to facilitate design for complex systems and contexts? We present 
three cases to explore the questions. These cover: 1) crisis 
management in a busy navigation channel (shipping), 2) dynamic 
positioning in the polar areas (offshore), and 3) helicopter deck 
design (offshore and shipping).  

On Scenarios

Scenarios are used in several different contexts and have various 
meanings in the fields in which they are taken up. In Human-
Computer Interaction (HCI), Carroll (2000) referred to scenarios 
as the “stories about people and their activities” (p. 46). Visser, 
Stappers, van der Lugt, and Sanders (2005) claimed that “When 
important decisions have to be made, a clear and convincing 
argument can be made using a scenario of the interaction based 
on the design and the knowledge about its context” (p. 135). In the 
maritime sector, scenarios have traditionally been used in training 
(Barnett, Gatfield, & Pekcan, 2003), such as emergency and crisis 
management for situation awareness or task analysis in complex 
engineering operations (Maslin, 2013).1 

On Simulations

Banks (2011) described simulation as a methodology where 
mathematical or symbolic models are used to describe the 
behaviour of a real world process or system. Simulation is widely 
used in many scientific fields, and Winsberg (2010) argued that 
computer simulation has had impact “in almost every scientific 
study—from quantum chemistry to the study of traffic—flow 
patterns” (p. 4).  

In design, computer simulation has enabled designers to 
deal with the complexity of design decisions in which theory 
and design can be experienced immediately. Simulations with 
the ‘human-in-the-loop’ are often used to analyse systems 
operated by a human or for training purposes (Narayanan & 
Kidambi, 2011). Human-in-the-loop simulations are often used 
in human factors testing where a real human being is needed in 
the simulation (McKneely, Wallace, Perry, & Winters, 2001). 
Examples abound on using computer simulation for usability 
testing in product development. Among the topics covered are 
virtual prototypes in usability testing (Kuutti et al., 2001), Virtual 
Reality (VR) simulation (Manninen, 2000; Thalen & Voort, 2012; 
Tideman, Voort, & Houten, 2008), augmented reality (Woohun 
& Jun, 2005), and experience based virtual prototyping simulator 
(Kumar, Hedrick, Wiacek, & Messner, 2011).

Other work takes up the challenges of using simulations 
in design practice. Following on from ground breaking earlier 
studies within architecture on humans and virtuality, Turkle 
(2010) turned her attention to pitfalls in simulation. She further 
observed that “the virtual makes something seem more real,” 
and that “computer-aided design made theory become more 
alive” (p. 13), and Winsberg (2010) made the same observations. 
In our design cases we found that it is very important to inform 
the design session participants that the scenarios are mediated 
representations of “reality.”

Previous research in the maritime sector (Grech, Horberry, 
& Smith, 2002; Kristiansen & Nordby, 2013) has shown the 
positive implications of carrying out user surveys of complex 
user-related operations at sea. However, related simulations have 
not been implemented as part of the front-end conceptualisation 
phase of design, but in later stages in development. One exception 
is Kristiansen and Nordby (2013), who used simulators in the 
early phase development for testing interface ideas. However, 
there is little literature on how simulation has influenced design 
practice in relation to user scenarios on UCD in the front-end 
of innovation. 

game engines

In our research we focus on real-time simulation visualized in 
real-time rendering (Möller, Haines, & Hoffman, 2008 p.18) by 
way of game engines. Game engines are a generation of tools that 
emerged from entertainment rather than industrial and scientific 
needs, and are used to create games for platforms like PlayStation 
and personal computers. A core attribute of game engines is 
aesthetic presentation and efficient production of content. We 
chose to use game engines since they provide a graphical user 
interface and the framework to model and simulate computer 
game functions useful for rendering scenarios without a need for 
expert knowledge of computer coding. This is in line with other 
research such as ‘Serious gaming’ that takes up the combination of 
game engines and simulation for the purpose of developing skill 
and knowledge about contexts that are unavailable in a normal 
learning environment (Susi, Johannesson, & Backlund, 2007).
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Game engines like Unity, CryEngine, and Unreal Engine 
have been adopted as tools in shaping simulations (Kumar et 
al., 2011). Typical functions in game engines are a 2D or 3D 
graphics-rendering engine, object collision detection, a physics 
engine, animation integration, artificial intelligence (AI), sound 
integration, scripting, and network extensions. A game engine like 
Cryengine has an editor that has two modes that can be employed 
when designing scenarios to be simulated. First, the modelling 
mode uses physics and AI in running the simulation. Second, 
there is the mode of ‘human-in-the-loop’ integration or gaming 
mode in which a user may be involved in the scenario. In our 
research we mix these two simulation modes.

Research Methods and 
Design techniques 

Design Research in action 

In our inquiry we followed two main intersecting qualitative 
methodological strands: action research and research by design. 
Action Research is a method that allows immediate research on 
problems and solutions that are reflected on in action (Avison, 
1997; Hollingsworth, 1997; Miller, 1994). The processes of action 
research deal with interactive inquiries where problems are shared 
collectively and knowledge is produced from action. This makes 
it possible to merge practice and research into the same research 
setting. Research by design (Morrison & Sevaldson, 2010) is 
a design practice based inquiry that takes up relations between 
practice and theory.2

The design cases were organised as commercial design 
projects where design briefs and project goals were defined at the 
outset for the design of scenarios to be used in support of concept 
development. The research on each case was then planned in 
relation to the project’s design need and how it might benefit 
from using simulated scenarios. A course of design action and 
collaboration was then planned together with industrial partners.3 

These partners were medium and small sized companies, LysTech, 
Norwegian Maritime Education (NMU), a large state owned 
concern called Norwegian Coastal Administration, and a leading 
commercial company called Kongsberg Maritime.

During these processes we made design briefs, drew up 
project plans, organised pre-design meetings, constructed 3D 
objects, drew 3D context environments, made notes on how 
to model scenario settings, planned scenarios using drawing 
on paper, made physical models of ships, used different types 
of maps, worked with live data from ship traffic, sketched 
ideas, framed design problems, and wrote minutes from design 
workshops. The research data consisted of the design artefacts 
we made, audio and video recordings, screen captures, and 
research notes documenting and reflecting on the processes. We 
also gathered feedback from users and industrial partners on how 
they experienced the processes. We jointly analysed the material 

by reflecting on the processes of creating the scenarios, how 
simulation was to be used, and how it changed and elaborated the 
discursive process of products, systems and users in context for 
concept development. 

Participatory Design

We used co-design and participatory design methods on 
innovation (Dalsgaard & Halskov, 2010), computer systems 
research (Büscher, Eriksen, Kristensen, & Mogensen, 2004), 
materiality (Jacucci & Wagner, 2007), tangible user interface 
development (Kim & Maher, 2008), embedding expert users 
(Humphreys, Leung, & Weakley, 2008), and collaborative 
sketching (Johansson, 2006). 

Collaborative design sessions with stakeholders and actors 
from the companies and a specialist simulation designer (the 
lead author) were adopted. We found that there was a need for 
more interactive communication in small group design meetings 
(G. Olson, J. Olson, Carter, & Storrøsten, 1992) or collaborative 
design sessions (Gül & Maher, 2009). This also applied to 
communication about and uses of 3D simulated representations 
through which we were able to create more immersed experiences 
in user scenarios employing game engines. In such sessions 
designers imagine how products and systems are being applied 
in ‘use situations.’ This anticipation is a huge challenge because 
when designing new products and systems we ‘design use before 
use’ rather than ‘design in use time’ (Ehn, 2008). Designing in 
‘use time’ is about being situated in context and the situations of 
use. When this is supported by simulations, we call this simulated 
use time design.

Collaborative design sessions offer potentially productive 
spaces for making use of multiple competencies in designing 
and in wider iterative and participatory processes of developing 
scenarios for subsequent use (e.g., Buur & Larsen, 2010). Through 
several such sessions we worked together with NMU, Kongsberg 
Maritime, and LysTech, and discussed ideas and how to shape 
innovation strategies. Through co-creative design sessions we 
created views on how the maritime industry might deal with 
early phase innovation (Jenssen & Randoy, 2002), and how it 
may address matters of design complexity and UCD. By using 
scenarios we were able to connect design places to user and actor 
participation in collaborative design sessions that drive UCD 
through tools facilitated by a designer. 

 We applied different mediation techniques to shape these 
narrative scenarios (Rosson & Carroll, 2003), such as scale 
maps and models (Bratteteig & Wagner, 2010), the drawing of 
navigation patterns, videos, and storytelling (Beckman & Barry, 
2009). We experienced that these methods were effective in 
setting the stage for discussion. We also used problem re-framing 
techniques (e.g., Lawson & Dorst, 2009) in collaborative design 
sessions to create new thinking patterns concerning design 
processes, conceptualisation and innovation strategies. 
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Cases

To research the potential of the game engine to model scenarios 
and to simulate actions and behaviours, we drew up three different 
conceptual design process cases. Case studies are an exploratory 
approach to social science research concerning contemporary 
phenomenon within real-life contexts (e.g., Yin, 2009). They 
are applied in maritime research and inquiry into simulation and 
user-generated innovation (Buur & Larsen, 2010). We applied the 
game engine to create scenarios based on the design problematic 
in each case, and looked at different ways of simulating actions 
and behaviours. The game engine was then used and explored 
in collaborative design sessions to create collective and shared 
understanding as well as collective creativity (Sanders & Rim, 
2001) through reflection in action and the ability to mediate 
iterations from co-participants and users in case based inquiry.4 

Crisis Management, Dynamic 
Positioning and Locational Safety

Case Study 1: Crisis Management in the Oslo Fjord

This case deals with crisis management in the Oslo fjord based 
on the likely future increase of vessel traffic based on the new 
ferry concession for 2015. A team of actors representing different 
parts of the industry collaborated with the research team to find 
new areas for research and development based on present and 
future risk factors in the fjord. At the moment the area is the most 
hazardous coastline in Norway, and an increase of traffic might 
add considerably to existing risks and challenges.

There was a need to create shared understanding of existing 
navigation and traffic challenges in the fjord among the project 
team which involved researchers, designers, system engineers, 
captains, and product management. The team needed to be able to 
apply shared knowledge and their own expertise in creating new 
scenarios that would include increased traffic patterns.5 

The case design brief was based on finding possible risk 
scenarios in the ship traffic patterns and behaviours. Further, 
we were to study the navigation challenges based on identified 
scenarios before, during, and after a critical situation had 
occurred. Here, there is a need to mimic the real world situation 
of the users. In this case study it was important to use actual scale 
3D models and program the ship movement according to speed 
in order to simulate real world conditions. This helped users 
recognize the scenario in order relate it to their experience in real 
world situations.  

Facilitating the design of an intended system for ships and 
simultaneously relating it to traffic behaviour for several ships 
required a simulation model that allowed us to chart each of the 
ship behaviours, such as ship speed for 8 ferries and their crossing 
of the paths of a cruise ship and a container ship. This represents 
a typical situation in the area. To observe the ensuing situations, 
a dynamic view of the situation was needed that could allow us 

to follow the scenario in motion. It was also necessary that the 
situation could be seen from individual ship bridges so as to be 
able to explore the navigation challenges on each separate vessel. 

The game engine allowed ship behaviour to be simulated 
through pre-programmed path and speed. The ships could be 
placed at desired locations in the virtual environment and the 
whole scenario visualized in 3D. The terrain was modelled 
based on real world GIS data and was textured using aerial 
photos from the area. In order to simulate ships crashing into 
one other, we applied collision detection to the 3D objects which 
detect interaction when 3D objects come in contact with other 
3D objects.

Because the scenario mimics real world conditions, it 
can be difficult to see objects that are in the distance. To tackle 
this problem we used the game engines ability to shift between 
multiple points of view, for instance, between first person user 
perspectives and third person overview perspectives. 

The Process: Physical Modelling and Scenarios

In the first collaborative design session we invited professional 
participants working in the Oslo fjord, including former captains 
of vessels in the area, vessel traffic operators, pilots, and the 
Norwegian Coastal Administration. To facilitate the discussion 
we used physical boat models on top of digital maps and AIS 
information on a Microsoft SUR40 touch table. The participants 
accessed the models when explaining existing and possible future 
events by adding and moving models representing the ships 
(Figure 1). More ship traffic was added in the scenarios and the 
discussion continued on regulations and the concern of traffic 
density in the area.

Prior to the second session, a simulation and visualisation 
of the scenarios from the first session, using a game engine, 
were developed by the designer who acted as a facilitator. The 
simulation and visualization used the actual scales between the 
ship models and landscape; the ships had hydrodynamic properties 
allowing them to be simulated with individual navigation paths. 
The scenarios evolved in an iterative process where participant 

Figure 1. Frame from a video showing the pilot moving the 
ship models.
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feedback was implemented in the simulation and visualisation. 
At first we simulated eight ferries and the crossing cruise ship and 
bulk transportation. The traffic pattern triggered discussion about 
collision scenarios (Figure 2).

A scenario was devised where one of the ferries had 
a blackout and a cruise ship had to avoid collision, and where 
there was the potential of hitting a passing bulk carrier. Distance 
between vessels is deceptive on the ocean but also in apparent 
range. This is because speed, currents, and weather are more 
forceful than they seem. The scenario was discussed in the group 
as to what type of factors might lead to such a situation (Figure 3). 
By changing the surrounding ships’ movements we added new 
factors in the scenario that improved or degraded the situation. 
The free movement camera option in the 3D tool was used when 
the simulation was running, and, at the same time, new ships were 
added or moved to implicate the simulation. In the group, one 
captain argued that ferries are more likely to end up in dangerous 
situations or breach regulations because they know they are more 
manoeuvrable than big cruise ships or bulk ships.

In the final iteration we created an accident scenario based 
on the previous collision between the cruise ship and the bulk 
ship already visualised. At this point we added a rescue helicopter, 
leisure boats, passengers, and crew to materialise how the 
situation could evolve. This scenario was not iterated in the way 
previous ones regarding navigation were. However, this situation 
stimulated discussion about how the simulation itself could be 
used to coordinate possible SAR events in a collaborative setting 
with live data.

A number of different possible risk and accident 
scenarios were discussed in the collaborative design sessions. 
New ideas were developed that included the development of 
automatic docking systems, new collision alarm systems, new 
pilot training programmes, and the need for research about 
crisis management. 

Case Findings

There were a number of findings from this case concerning 
relations between use of tools, collaboration, and reflection in and 
on action:

• The tangible interface had limitations related to scale and 
visualizing the scenarios from the user perspectives on the ships.

• In using the game engine to facilitate the discussion we 
were able to create an accurate scale between objects 
and ‘landscape.’ 

• Simulating ship physics and applying AI behaviour made it 
possible to approximately mimic speeds and movement. 

• Being able to change perspectives made it possible to 
facilitate a proposed scenario which often triggered more 
questions based on the visualization. 

• The ability to add or change the scenario during the simulated 
activity led to the actors providing more precise input on risk 
factors in the scenarios. 

Case Study 2: Offshore Dynamic Positioning in 
Icy Conditions

In the second case study we focused on design and development 
in maritime research projects at the Oslo School of Architecture 
and Design and at the University College of Southeast Norway. 
Both research projects investigated decision-making support 
systems for ship navigation. When oil drilling is moving north to 
latitude 75, challenges arise concerning technology, operational 
solutions, safety, logistics, personal equipment, accessibility, 
equipment quality, rig collaboration, winter preparations, and 
transport (Andersen, 2014), as well as key environmental 
concerns. The case covered a small collaborative design session 
with a Dynamic Positioning Operator (DPO), on a supply vessel 
operation in the polar areas. We explored possible scenarios and 
reflected on a new ship bridge concept. The research projects 
required specific feedback on interface and ship design in relation 
to different operations where ice might be an issue. To do so there 
was a need to mimic the icy conditions in the north with realistic 
and accurate models.

The design challenge was to facilitate the design space 
between the specialist maritime user and the designer. We wanted 
realistic scenarios to be at the centre of the discussion where the 
same model could be used to simulate many different scenarios 

Figure 2. Frame from a ship navigation simulation.  
This part of the simulated scenario shows the ferry and 

concentration of other ship traffic.

Figure 3. Frame from a collaborative design session video 
that shows the crash scenario being facilitated by the 

designer closest to the screen.
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if ideas would arise in the discussion. The simulation allowed 
us to create scenarios that were not pre-planned but developed 
and facilitated during discussions with the expert user. To do so, 
the 3D models needed to be very detailed and expansive so as to 
relate everything from the contextual situation to interface details 
in order mimic real world conditions. 

In the case study, the game engine had to be able to import 
3D objects with over a million polygons and simulate buoyancy 
on water to mimic real world behaviours so it appeared realistic 
when used with avatars that the user could use to move in the 
virtual environment. The detail was required to enable discussions 
on specifics in the design concept in relation to contextual 
information, such as on the drill rig. The 3D models needed the 
same manoeuvring and propulsion functions as a real supply ship, 
which was added to the ship model using an existing action script 
from the game engine’s pre-made assets.

Collaborative Design Session Process: 
Revealing Ice Related Issues

We started the discussion with the DPO on the basics on how he 
situated the supply vessel in relation to the offshore rig. Our plan 
was to go through the standard procedures to see where the ship 
design and ice conditions were potentially critical. The pilot then 
started to explain how the boat’s new radar system worked. This 
changed the situated knowledge and direction of the imagined 
development as the new system forced us to engage with the core 
area of navigation, tools, and readability. We moved the editor 
view to the radar system displayed in the Ulstein Bridge Vision 
concept (see Figure 4), and the pilot showed how their new radar 
covered 4 sectors, as opposed to one radar with blind zones, and 
how that was beneficial because it was possible to get a better 
overview in areas with ice. 

The pilot then noticed the Head-Up Display (HUD) display 
on the glass of the Ulstein concept bridge. He said that he was 
curious how that would work in direct sunlight (Figure 5), and 
reflected that, “This can be solved with the sun protection film 
that we use anyway when we have direct sunlight.” He then asked 
if we could make the environment conditions foggier and add 
night conditions. 

When adding the fog conditions, the DPO argued that there 
is a problem with GPS positioning above latitude 75, and that this 
would be a problem when approaching rigs in conditions with 
limited vision. He said that they use the radar sometimes within a 
500m limit in such foggy conditions, until securing a visual check 
of the rig. However, some of these procedures might need to be 
changed in the icy conditions of the far north. The discussion 
continued about how the DPO would approach the rig with the 
vessel; the designer changed the scenario according to the DPO’s 
instructions. When moving the camera past the rig rescue boats, 
a question arose about their relevance. The DPO argued that 
common procedure is to call the rig to let it know if one is in front 
of the lifeboats, which is an area one tries not to be in. 

The DPO argued that the wind is a critical element that is 
always given close attention. We then added a 10 m/s wind to the 
scenario, and we could see the vessel starting to move toward the 
rig. The DPO argued that he always tries to have the same heading 
as the rig and stay on the off drift areas to prevent collision should 
they lose control of the boat. It is also important to keep an eye on 
the anchor chains (Figure 6). These various needs and conditions 
contain complex dynamic components, intersecting technical 
and knowledge systems, and potentially changing seas, and what 
are often evolving scenarios that may entail partly unpredictable 
human actions.

Figure 4. Collaborative design session with an offshore 
supply ship pilot. The pilot explains the radar system concerning 

positioning of a vessel related to a rig and ice.

Figure 5. Frame from a session video showing how the HuD 
reacted when changing the sunlight positions.

Figure 6. Frame from a video showing the DPO describing the 
anchor chain risk.
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When the vessel was then positioned 10 meters from the 
rig, the DPO asked if we could see the situation from the DP 
console position. The view was changed accordingly, and the 
DPO argued that the ship chimney was placed in such a position 
that he would have problems seeing if the rig vent was open if a 
bulk transfer (water, mud, gas, fuel) was to be effected. We also 
simulated the crew position when connecting the transfer tubes.

The discussion then continued to the helicopter landing 
procedures and helicopter ditching rescue operations. A scenario 
was created with a helicopter in the water, and we added a Man 
Overboard Boat (MOB) as a rescue boat. We then simulated the 
MOB approach delivering wounded workers back to the supply 
ship. The DP operator explained how he would protect the MOB 
from wind and waves on the leeward side of his vessel, and that 
he would use the DP to keep stable and stationary.  

We then talked about icebergs as a risk factor, and placed 
an iceberg close to the rig. The DPO argued that icebergs could 
be plotted in the radar to see if they are on a collision course with 
the rig. If so, we would need to try and change the course of it 
or try to break it up. If an iceberg was less than one metre thick, 
he said they would try to break it up with the aft section of the 
ship. We then re-enacted this situation. A new question about 
icing problems then arose and along with it a need to de-ice; 
we continued the discussion on how to carry out de-icing of the 
supply vessel and rig. This may be a new service needed in the 
polar areas much like airplane de-icing. 

At one point the DPO was testing the avatar mode of the 
game engine and accidentally jumped over board. This led to 
discussion about ‘man overboard’ procedures, and what the DPO 
should do if there is a possibility of someone being sucked into 
the propellers. In these events, the scenarios and user co-designed 
simulation based responses, and each level of work and related 
scenarios together presented additional needs and perceptions, 
and also indicated considerable scope for further development.

Case Findings

Through this case we found that:

• The DPO was able to use the visualization to explain 
operation and the risks and challenges.

• The designer was able to visualize most of the discussion 
during the design session. However not all details could be 
added in real-time, such as the bulk tubes or cargo loading. 

• A new scenario was created based on the discussion, 
namely the helicopter crash. 

• Some scenarios were simulated using vessel moment 
(physics), vessel lights, and use of MOB in emergency 
scenarios (‘human-in-the-loop’). 

• New challenges and questions came up, based on the 
visualization and simulation, such as the helicopter 
rescue scenario.

• New discussions arose when the simulation did not go as 
planned, such as when the DPO jumped in the water with 
the avatar. 

• Real-time manipulations of direct sunlight could be applied 
to discuss the HUD display.

• No pre-made calculations had been done on fog density 
input to view distance; this was a problem when the DPO 
requested a specific view distance. 
Overall, this case found that the game engine provided 

means to visualize and model scenarios for offshore operations 
that expert users could relate to and where they could apply their 
experience. This method provided insights at a basic operational 
level, moreover, the DPO thought that this was a good way to 
focus not only on how they steer the ship but also on issues and 
factors that create the basis of human decisions. Simulating 
factors like wind, fog, and ice, in combination with small action 
events provided more in-depth knowledge on special situations. 
Usually, new conversations started after finding interest points in 
existing discussions describing equipment or situations of use in 
detail, such as when the DPO described how the mariners look 
for steam from the vent tubes under the ring when starting bulk 
transfer. If the vent tubes had not been visualised in the 3D model, 
the topic would probably not have been discussed.  

Case Study 3: Light Systems on 
Offshore Helidecks

Critical Visuals

The third case dealt with a new light system for helidecks on semi-
submersible drill rigs. The design goal was to simulate the light 
system in action in a helicopter landing scenario. The scenario 
was developed to explore and reveal how users might interact with 
the new systems. The contextual co-design and user-informed 
design challenge was to review the proposed light concept with 
helicopter pilots during the landing and boarding process. Factors 
like candela values, fog density, and view distance were important 
issues. We found no mathematical simulation system that could 
model all the factors in such a simulation, and that the users’ 
subjective impression of light will change with age. The light 
system is currently tested in a lab to meet the required candela 
specification, however such tests do not give an impression as to 
how the light will behave offshore.

For the system functionality of the helideck light system to 
be simulated, the 3D models had to be connected to a system that 
triggered functionality by turning a light on or off. Behaviours 
from the simulated users (AI) and helicopter landings were used 
as triggering mechanisms. The game engine allows for such 
programming through the game editor interface. This made it 
possible to explore and reveal time-based factors related to the 
product interaction. The scenario and product could be changed 
during the design session making it possible to explore interaction 
challenges and possibilities. 

The Process: Helicopter Landing

The process started with a meeting with LysTech, where we 
agreed on carrying out a small test that visualized and simulated 
a helicopter approaching the rig at night using the rig’s light 
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system (Figure 7). A video of the simulation was developed (and 
subsequently used in a meeting with a shipyard in Korea) as 
the first visualization of the system in use. It was then decided 
to use this simulation and visualization to facilitate a product 
meeting between the helicopter service and the LysTech company 
in Norway.

In addition to the view of pilots and to extend our insights 
prior to talking more with pilots, and to understand passengers’ 
experience and needs, we held a small collaborative design 
session with an experienced seaman who takes helicopters to 
work out on the rig. The idea was to obtain extended insight into 
the experience of landing on the helideck as an expert passenger 
who has been on numerous visits. Using the game engine as 
means to facilitate discussion, we went through the different steps 
of the landing process. This participant argued that it is possible 
to be confused by all the noise, notably wind, and the blinding 
lights of the rig. This is especially so for new workers with little 
experience of the landing and working conditions.

 In response, a new gate and living quarter lead light 
system was visualised and introduced; the user thought this was 
a good idea. We discussed how the light should look and where it 
should be placed on railings that are critical to navigating between 
the helicopter, deck spaces, and entry points to interiors of the 
rig. Our real-time light visualization and simulation presented 
direct representation on how the system would look; different 
solutions were developed and discussed with the expert traveller 
(Figure 8). These solutions included variations of light placement 
and colours, and how this system could be part of a safety video 
before helicopter take-off prior to going offshore.  

Based on this design session, we developed a scenario 
implementing different elements of the product. This was to be 
presented at an existing product meeting in Norway with helicopter 
pilots (users), suppliers, and customers from CHC Helicopter 
Service, Statoil, Marine Aluminium, Bayards, and Frictape. The 
scenario we demonstrated included a series of different events 
starting with the helicopter landing, a passenger walking to living 
quarters, and an emergency evacuation event. The same scenario 
simulation was run in different weather conditions. This is crucial 
in this professional work setting where climate variation is at 
times considerable, and when weather conditions are extreme.

This intervention via simulated scenarios started 
discussions on how the light can help a pilot to see his or her 
altitude in relation to the helideck when approaching. This 
included deck texture, better visibility concerning fog, ice issues, 
and matters of fuel draining on the helideck in case of a fuel spill. 
One of the four helicopter pilots to this session argued that it 
would have been useful to use the lights to see whether or not the 
helideck was ready for landing. Our real-time engine allowed us 
to respond to this and to visualise this suggestion immediately by 
using red lights around the already demarcated circle shape of the 
helipad (Figure 9). During the meeting, CHC Helicopter Service 
decided to test the light system on a test-helideck at Sola airport 
and to submit it to wider user testing.

Case Findings

Through this case we found that:
• By using the game engine to visualize and simulate the 

light system in user scenarios, participants in the meeting 
and design sessions were able to understand the system and 
its function in different situations. 

• It was more difficult to create new scenarios during 
the meeting with 16 participants rather than the small 
collaborative design session. 

Figure 7. Frame from a simulation of a helicopter approaching 
a rig helideck at night. The LysTech light system is shown by the 

yellow circle and green “H”.

Figure 8. Frame from a video.  
The user explains where the light tubes should be placed on the 

helideck gate so that traveller-workers can see the steps.

Figure 9. Screen capture from a game engine.  
The circle of lights was changed during the user meeting to 
visualize the helicopter pilot’s idea about light colour codes.
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• Using AI behaviours allowed us to trigger systems that 
motivated new events. This enabled us to study detailed 
product functions, such as if the lead lights should turn on 
when the helideck gate is opening or after it has opened (this 
was not identified as an issue before the simulation though).

• Real time visualization and simulation made it possible for 
the designer and actors to reflect in action and modify the 
scenarios to continue the iteration. 
Through this case we were able to visualize and simulate 

the behaviour of a system being designed. When using the game 
engine in a collaborative design session with specialists, we were 
able to discover critical factors and create solutions to meet them. 

analysis and Discussion
abstraction, actualisation, Projection

Traditional design practice argues that abstraction should be 
kept to a level that maintains attention on specific design issues. 
However, there is little research on trying to make design models 
incorporate the complexity of contexts of intersecting systems 
and simultaneous and emergent user needs. In our cases, attention 
to complexity enabled more exploration that allowed us to address 
new questions.6 One example was the lifeboat scenario from 
Case Two. If we had not integrated the lifeboats into the model, 
the questions about their relation to the vessel operation would 
probably not have been discussed. The real-time simulation and 
visualization capabilities of the game engine were the momentum 
that allowed this type of interaction.

The use of real-time simulation of physics and AI brings 
life and time into scenarios. Modelling scenarios, with and 
without a ‘human-in-the-loop,’ and where new events were 
shaped based on the unknown simulation outputs, drew on the 
notion of reflection-in-action as part of collaboration and design 
thinking. However, we do not see these simulations as a test of 
physics or usability, but as an explorative approach that reveals 
new factors for investigating and tackling ill-defined and wicked 
problems. In Case Three, placing the light cable on the railing was 
thought to be free of serious issues; however, the user informant 
argued that on ships these rails are often used to fasten ropes! In 
the simulation space, by changing the position of the light tubes, 
we discovered that we could light up the deck as well as steps, 
thereby providing an added safety feature. 

All types of simulations deal with issues of accuracy and 
verisimilitude. Through our cases we found that we can approach 
these issues from two angles: a) by mathematics and b) via 
subjective situated user feedback. Using mathematics to describe 
a ship’s speed, we can measure how fast a ship will complete one 
nautical mile. When doing the helideck light simulation, it was 
difficult to use a mathematical model because the light experiences 
are affected by several intersecting conditions, and humans’ 
perception of light is different according to age and changing 
weather properties. A key element when using simulation via 
subjective situated user participation is that unexpected events 
happen. When the DPO was controlling the avatar in the Case 

Two, he suddenly jumped into the water. This was clearly not 
something that was planned; however, the avatar itself had built 
in swimming capabilities that allowed it to be controlled when 
in the water. Such scenarios may not merely help us to look into 
actual work and safety matters, or indeed experience unexpected 
ones, they may also suggest ways to look into a wider, complex, 
and merging set of conditions, people, and actions that we cannot 
always appreciate or see holistically while immersed in safety 
critical work.

Reflecting on the Game Engine

Our focus on the game engine has been to investigate what 
support it allows in tackling design challenges that designers 
experience in the front-end of innovation. What is needed in this 
design space is something that allows for reflection-in-action on 
both an individual and a collective level where designers, actors, 
and users can participate. However, this reflection is also based 
on modifying the scenarios in an iterative process of reflection-
in-action. Each case study showed that participants were able to 
apply their knowledge and experiences to the related scenarios 
in order to modify new iterations of events. This alone does not 
guarantee collective understanding between designers, actors and 
users. A discursive process around the simulated environment 
and operations is therefore needed to support the facilitation in a 
design group involved in exploratory designing. 

The main difference between the use of game engines 
and traditional scenario development techniques—staged 
plays sessions (Simsarian, 2003), storytelling (Lerdahl, 2001), 
exploratory design games (Brandt, 2006, p. 59), experience 
prototyping (Buchenau & Suri, 2000), and visual storytelling 
(Buxton, 2007, p. 277)—is the ability to combine several types 
of media on the same platform, and to apply behaviours to 
objects and systems that can be simulated real time in context. 
However, there are elements of existing scenario methods that 
have advantages over game engines, for example, the time used 
to construct the scenario, and fine-tuned use situations where it 
is not possible to ask the AI character itself how it experienced 
a situation. 

The interface of the CryEngine tool used in the cases 
has come a long way in relation to being suitable for adoption 
by designers with basic knowledge about 3D software and 
programming. However, many designers are most likely not 
going to become expert programmers at the level that is needed 
in order to design code for custom entities. A team including both 
a designer and programmer might be preferable, but again this 
may make the workflow much more complicated and the tool 
may lose its qualities as a design tool. Further work is needed into 
these relations.

Another question is what a simulation constitutes in the 
sense of a scenario. It is possible to view the simulation on two 
levels. One is the traditional mathematical system approach that 
is calculated based on formulas. For example, this is the physics 
system and the light system in the game engine. The other level 
of simulation is the behaviour of AI characters and objects. There 
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is a thin border between visualization and simulation here. In a 
scenario simulation the relation between behaviour, action, and 
time is critical.

Interesting aspects that arise with scenario-centred 
computational simulation include the possibility to investigate, 
experiment, reveal, and explore very complex situations and 
activities. Two examples show how issues of perceived complexity 
outweighing situated knowledge may be countered via design, 
centred on and realised through exploration, with game engines 
and simulation. First, when we used the physical artifacts in our 
first collaborative design session with the Norwegian Coastal 
Administration when discussing crisis management in the Oslo 
fjord, at one point in the design session, one of the pilots said, 
“There is a collision alarm on the cruise bridge that is automatically 
turned off when approaching this area.” The event described was 
of huge interest for further investigation, but the physical models 
did not allow us to go inside the cruise bridge to investigate the 
alarm system. This gave us the idea of bringing in full-scale 
bridge simulators into these collaborative design sessions to look 
at specific interface and navigation issues.

Second, when using the game engine to facilitate the 
discussion of supply ships in Case Two, the ability to instantly 
change the perspective view based on discussion input took 
the discursive process into a new dimension where relativity of 
scale could be presented and achieved. However, it is critical 
that a designer who has expert knowledge of the tool is the one 
facilitating the tool-mediational process, while responding to 
insights and direction from the expert user/s. It is a considerable 
challenge to use the game engine interface in interacting with 
and modifying the scenarios. These case based examples should 
not be seen to suggest that this is a simple process or activity, 
however, they reveal considerable potential for further inquiry.

Conclusions
We see that simulated scenarios provide a very powerful means 
to approach maritime design complexity because they provide a 
systematic connection of interaction between users, system, and 
operational factors. Traditional UCD scenario techniques lack the 
ability to handle complexity issues typical in maritime contexts 
and to efficiently visualise them. Examples of this occur in micro 
and macro operational levels of user interaction and overall 
operational implications. Several systems might need to be engaged 
to see how they influence a situation in a wider perspective. This 
requires time-based design tools that can materialise a situation 
and make it accessible to be modelled and analysed by designers. 
Different simulation techniques offer the possibility of mimicking 
real world physics conditions. By simulating trigger mechanisms 
and behaviours in time-base scenarios it is possible to construct 
user situations that interact with the contextual conditions. The 
result of this is that design processes may become more immersed 
into ‘design in use time’ related to context.  

Game engines as design tools can be used to model user 
scenarios in complex systems; they also facilitate the possibility for 
multiple behaviours to be simulated at the same time. This method 

enables the designer to shape scenarios with great complexity. 
These scenarios can be used to foster reflection-in-action on 
the part of designers, actors, and users. By using real-time 
visualization technology in combination with pre-made AI models 
and physics scripts applied to designed 3D objects, it is possible 
to create simulation of instances of users interacting with systems 
and adjusting them ‘en route.’ These approaches offer designers 
a new role in development where scenarios are critical in order 
to understand relations between users, systems, and operation in 
the maritime sector. Consequently, the designer (or design team) 
has a central and important role in design sessions in linking 
the scenario, tool, and methods. It is the designer who connects 
the design elements of systems, operations, and technology 
user interactions, and combines them in relation to context and 
situations. This applies not only for UCD related design issues, 
but also technical engineering related problems. We believe that 
this orientation of the designer and team may also likely result 
in a more user-focused design processes than generally appears 
in maritime design. This might help to reduce human failure as a 
main cause of accidents.   

Using game engines and simulation has allowed us to 
explore situation and settings in front end stages of design 
processes, where we could investigate ideation and mediate them 
through a tool with users and in relation to complex use for the 
maritime sector.7 We see that in the conceptual phases of design 
there is a need to create a more convergent perspective on use 
situation in relation to design of products, interactions, and 
systems, and that simulations using game engines can assist in 
this. The users in Case Two expressed this during their design 
session with us. The dynamic process operator user has hundreds 
of hours of simulator experience. It was because we used a 
designer to facilitate the model and simulation interaction that 
the user did not need to focus on the navigation and handling 
of the offshore supply-ship; instead, he could focus on the 
overall operation.

Similarly, the scenario mediated collaborative design 
sessions developed into a form of revelation in and through 
the processes of intersection between the content and expert 
knowledge, the capacities of the tool, and the dialogue between 
participants. When we explored and tested scenarios and new 
events, or needs emerged that needed attention, we again found that 
these could be modelled and simulated. Based on our observations, 
we argue that in the conceptual phases of design there is a need to 
create a more convergent perspective on use situation in relation to 
design of products, interactions, and systems, and that simulations 
using game engines can help achieve this. Concerning the design 
tool properties of the game engine, the free camera views enabled 
unhindered navigation through the scenarios by allowing a person 
and a team of persons to look at different aspects or options, and 
enabled them to focus on micro and macro levels of an activity or 
event.8 We see advantages of using game engines as design tools 
and materials beyond the maritime sector in contexts of similar 
complexity. In this respect, there is further room for design-driven 
innovation to add insights to the current body of research and 
contribute to design through simulation.
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endnotes
1. Different types of user scenario methods are often used in 

UCD processes when designing for user experience, such as 
staged play sessions (Simsarian, 2003), storytelling (Lerdahl, 
2001), exploratory design games (Brandt, 2006, p. 59) and 
experience prototyping (Buchenau & Suri, 2000). Through 
visual storytelling (Buxton, 2007, p. 277), designers can 
visualize sequences or animations of the user, use, objects, 
behaviours, events and interaction, in context and over time. 
This enables the designer to explore the different relations 
between factors and help frame and re-frame problems. 

2. Central to this is the concepts of reflection on and in action 
(Schön, 1983, 1987). Research by design, offers a way to 
combine research on reflection in action with what is being 
designed and to simultaneously relate this reflexively to 
design theory and analysis, in and through participation. 
These approaches allowed us to explore several aspects of 
the simulation tool and its relations in design practice, and 
the role and potential of real-time adjustment.

3. Through collaborative design sessions with these various 
partners we generated ideas and concepts based on the use of 
simulated scenarios and game engines. The technical process 
of constructing the scenarios dealt with modelling the context, 
objects and their behaviours. Scenario events of existing or 
future situations were then constructed in collaboration with 
users or the industry partners. This gave us insight into how 
our approach functioned as a design tool in a commercial 
setting, knowledge that is needed if we are to understand 
how to tackle the design challenges described above. The 
collaborative design sessions were documented using 
video-recording (Iversen & Buur, 2003). The first author 
of this article was actively involved modelling scenarios, 
simulations and facilitated the collaborative design sessions 
using participatory action research methods (Cahill, 2007).

4. Each of the cases addresses a specific need in exploring an 
individual design space in relation to use and situation. While 
differing, these cases together provided us with a spread of 
experience in design and contextual responses from a range 
of participants and users that would allow us to heuristically 
discuss the application and development of game engines 
and simulation in early concept phase development. 

5. Accidents are often triggered by a series of events and it is 
important to have an overview of the situation before, during 
and after it being played out. Accordingly, we needed to 

investigate factors before an accident, the accident moment, 
subsequent search and rescue operation (SAR), as well as 
considering factors such as how to minimise pollution from 
oil spills and wider safety processes. The design challenge 
was how to create a platform to share knowledge and 
experience, and generate new scenarios and ideas. To do so, 
there was a need to implement expert knowledge and get 
expert parties to share their tacit knowledge and experiences. 

6. The three cases show how the game engine has been used in 
different design, scenario and use settings. They also indicate 
the application of game engines to augment what is typically 
on offer in looking forwards to meet and anticipate some 
of the safety and critical needs in the maritime sector. Each 
case had the basic need to understand processes and saw the 
value of spaces for collaborative discursive engagement and 
resulting modifications and new designs and achieved this 
through co-design activity. We found that the game engine 
has the capacity to be applied to model user scenarios that 
occur at sea and that can be simulated in a temporal sequence 
with object behaviour and interaction.

7. Earlier research has found that tools like game engines 
require expert knowledge, typically from HCI. However, 
recent trends from other domains of interaction design and 
industry contexts of use show that designers are adopting 
game engines and coding to design interactive games, 
interfaces and systems. We have shown how a designer is 
able to use knowledge and skills from CAD applications 
when approaching the game engine as a design tool. The 
results indicate that user scenarios can be modelled and 
simulated without first hand expert knowledge about 
computer coding. It is the intuitive editor interfaces in the 
game engine that allow for an effective and communicative 
workflow to be achieved and conveyed to others in dynamic 
and dialogical settings of work and need. Naturally there is 
room for further access to expert coders and for teams that 
include a mix of designers and programmers. In our cases, 
scenario input was modelled by way of a discursive process 
together with specialists and users. The real-time technology 
allowed us to change the simulation model when the 
simulation was running. The immersive capabilities of the 
real-time technology created a fast workflow in an iterative 
process where the game engine could be used as part of a 
design session setting. When decisions on concepts had to 
be made, the simulated scenarios were used to create shared 
understanding between the designer, actors and users.

8. Being able to change mode view had huge advantages when 
facilitating the design sessions. It gave the scenario a better 
flow between the factors involved in the details in the design 
and how the design related to the overall operation scenario.
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