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“We don’t want design on the bridge, it should be functional!” (Captain)






Preface

This thesis is prepared for the degree of Doctor of Philosophy at the Faculty of Architecture
and Design at the Norwegian University of Science and Technology (NTNU). The doctoral
work was undertaken at the Department of Design, NTNU, with Professor Thomas Porathe as

the main supervisor.

The study was done as part of the Sensemaking in safety-critical situations (SMACS) project,
which was funded by the Norwegian Research Council (grant number 267509) and led by Stig
Ole Johnsen at SINTEF Digital, Trondheim.

The first part of the thesis provides a synthesis of the study’s aim, background, research design,
main contributions and discussions of overarching themes. The second part consists of five

scientific publications, which include the main results of the conducted work.
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Summary

Navigating a ship requires close cooperation between the seafarers and the technology available
on the ship’s bridge. The ship bridge design, which in this thesis includes the design of
equipment, systems and overall layout of the bridge, strongly influences the interaction and
cooperation between the seafarers and the technology. Suboptimal usability in ship bridge
design is one of the factors that contribute to navigational accidents, which in turn may lead to
major financial loss and potentially have catastrophic consequences for human lives and the
marine environment. The importance of usability in ship bridge design has received some
attention. The International Maritime Organization (IMO), responsible for international
maritime regulations, requires human factors considerations in ship bridge design through the
SOLAS regulation V/15. In addition, decades of research have provided knowledge about the
work on the bridge, maritime design processes and methods, and developed new technology
and innovative solutions. Nevertheless, suboptimal usability in ship bridge design seems to be
a persistent challenge in the maritime industry. Theoretically based within the human factors,
design and safety literature, the overall aim of this thesis is to contribute to improved safety at
sea by increasing knowledge on factors that may influence the advancement of usability in ship
bridge design in the maritime industry. The research is guided by the main research question:
Why is usability in ship bridge design a persistent problem in the maritime industry? The main

research question is detailed through the following sub-questions:

RQ1: How can the human work in collaboration with technology on the ship’s bridge be
understood and described?

RQ2: How do different actors in the maritime industry understand and describe the human-
technology interaction on the bridge?

RQ3: How do different actors in the maritime industry perceive their responsibility for usability

in ship bridge design?

These questions are explored through a qualitative study comprising interviews, observations
and document analysis, incorporating data from a variety of stakeholder groups: seafarers,
shipowners, equipment manufacturers, a shipyard, a Flag State, classification societies,
maritime insurers as well as accident investigation reports. The research has resulted in five

scientific publications.
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The study found that the seafarers, the end-users with the highest interest in ship bridge
design, have low influence on ship bridge design processes. Seafarers take responsibility for
bridging the usability gap by applying creative adaptive work strategies. Core stakeholders on
shore also place the responsibility for the human-technology interaction on the ship’s bridge on
the seafarers, with the result that seafarers are expected to adapt to the available technology
regardless of usability. Another factor that may play part in the limited improvement of usability
in ship bridge design, is that for many stakeholders there does not seem to be any incentive for
paying attention to usability, as the study found that the SOLAS regulation V/15 is not actively
enforced and the economic benefits from investing in usable bridge equipment is not apparent
to them. A noteworthy finding is that the responsibility for usability in ship bridge design seems
to pulverise between the maritime stakeholders, as all stakeholders in this study believe the
responsibility for usability sits with one or several of the other stakeholders — it is somebody
else’s problem.

Implementing human-centred design processes in the maritime sector requires human
factors knowledge, interest and cooperation between several stakeholders. Currently, however,
there seems to be limited attention in the maritime industry to how usability influences safety.
The findings in this study show that there is a need for transferring existing human factors
knowledge to actors in the maritime industry, but also that more research is needed to develop
knowledge that will enable maritime actors to make informed decisions and prioritisations
concerning ship bridge design. This study demonstrates that to bring about human-centred
design processes in the maritime industry, it is imperative that the seafarers have a voice in ship
design and procurement processes, and this can be made possible through the engagement of a

broad set of maritime stakeholders.
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Vignette

In the evening on December 3", 2015, the pure car carrier City of Rotterdam departed from
Immingham Dock and sailed outbound in the river Humber, on the east coast of northern
England (Marine Accident Investigation Branch, 2017). The City of Rotterdam had an
unconventional design with a hemispherical shape of the bow, intended to reduce wind
resistance and provide better fuel economy (Picture 1). The shape of the bow affected the
interior design of the vessel’s bridge; with the windows tilted inwards at the top and only the
front window on the centreline facing straight ahead, all the other windows framed a view off
the centreline axis. Also, the vessel’s bow was not visible from the bridge. On the bridge this
evening were the master, the third officer, the helmsman and the pilot. Before departure, the
master advised the pilot to mainly position himself where he could look out the front window,
either by the conning position or the navigation workstation. The master also notified the pilot
about a length of black cord that the crew had positioned down the middle of the centre window

to provide a visual reference of the vessel’s centreline and thus its heading.

Picture 1. The City of Rotterdam (Photo: Tomas Ostberg-Jacobsen/MAIB, reprinted with permission).

At 7:59PM, the attending tugs were released, and the ship was steered manually down
the main navigation channel. The pilot monitored the vessel’s position by eye, the Electronic

Chart Display (ECS) and the radar display. It was dark outside, but with clear skies and good
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visibility. The City of Rotterdam was high-sided and in ballast, and thus subjected to drift due
to the tidal stream and the wind gusting up to 40 knots. Consequently, at 8:32PM, City of
Rotterdam was on the port side of her intended track. The pilot was aware of this and informed
the master that he intended to manoeuvre the ship further to starboard. By this time, the ro-ro
freight ferry Primula Seaways, sailing inbound in the river, was in clear sight and the pilot
informed that he planned to pass her port to port.

The very high frequency (VHF) radio was located below a window on the starboard

side, which was off the vessel’s centreline axis (Picture 2).

Instrument cluster

Picture 2. The bridge on City of Rotterdam seen from starboard side (Photo: MAIB, reprinted with permission).

At 8:35PM, the pilot was using the VHF radio to communicate his planned route to the Humber
Vessel Traffic Service (VTS). The crew on board Primula Seaways were at this point concerned
that the oncoming City of Rotterdam did not appear to be altering course. At 8:37PM, Primula
Seaways called City of Rotterdam on VHF and the pilot was again looking out the off-axis
window while responding to the VHF call. During this conversation, the pilot asked, “Is that
you on my port bow?” (Marine Accident Investigation Branch, 2017). Primula Seaways was
now on the starboard bow, but from the perspective of the pilot, the ferry seemed to be on the
port bow. The pilot was now experiencing a relative motion illusion in which the vessel
appeared to be heading in the direction he was looking. In the dark, the inward slope of the

windows meant no objects could be seen in the periphery and there was no other ship structure
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visible that could have suggested otherwise. During this VHF call, the crew on Primula
Seaways for unknown reasons erroneously confirmed that they were on the port side, which
also strengthened the pilot’s illusion.

At 8:38PM, the VTS called City of Rotterdam to inform them that they were concerned
about the vessel’s position in the channel and the approaching ferry. The conversations over
VHF kept the pilot positioned by the off-axis window. At this point, the pilot had made several
course corrections and believed that the vessel was heading southwards, towards the direction
he was looking. However, in reality the heading was not altered significantly. At 8:39PM, the
bridge team on Primula Seaways realised that the City of Rotterdam remained in their path, and
steered full starboard and set the engine to full astern. A few seconds before the collision, the
City of Rotterdam’s master also realised the severity of the situation and shouted out
manoeuvring orders. However, it was too late and at 8:40PM Primula Seaways and City of
Rotterdam collided, port bow to port bow.

Fortunately, the accident did not lead to pollution or serious injuries, and both vessels
were able to return to Immingham without assistance. The cost for repairing Primula Seaways
amounted to 3 million US dollars. The cost for repairing City of Rotterdam is not known, but
from the damage described in the investigation report, the cost was probably no less. The City
of Rotterdam was out of service for two months, which was an additional financial loss for the
owner.

This accident illustrates and introduces some of the key issues in this thesis:

Design issues persist despite of regulations and guidelines

The accident investigation report states that the relative motion illusion experienced by the pilot
on board the City of Rotterdam was an unexpected effect of the unconventional ship design. It
concludes that a stricter adherence to the human factor requirements in the International
Maritime Organisation’s (IMO) Safety of Life at Sea (SOLAS) V/15 regulation could have
reduced the likelihood of this effect. The accident report refers to several available guidelines
supporting the understanding and use of SOLAS V/15, but acknowledges that since these are
not mandatory, the ergonomic principles in SOLAS V/15 are open to interpretation.

There were several issues with the design of the City of Rotterdam. The location of the VHF
radio below an off-axis window was not compliant with SOLAS IV/6, which requires radio
installations to “ensure the greatest possible degree of safety”, a goal that is very much open to
interpretation. Furthermore, the SOLAS regulation V/22.1.9.1 requires that all front windows

must be inclined, top out, to minimise reflections. The bridge windows on the City of Rotterdam
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were inclined in the opposite direction. However, the precaution of moving sources of light,
including the bridge consoles, away from the windows to reduce the likelihood of reflections
enabled the Panama Maritime Authority to issue an exemption. This resulted in the propulsion,
wind and speed indicators being set back from the windows, making them unreadable from the
conning position by the centreline bridge window, as required in SOLAS regulation V/19

(Picture 2).

Seafarers use adaptive strategies to get the work done

The report states that operating this ship for several years without navigational accidents was
largely due to adaptations and coping strategies by the crew and pilots, such as the cord on the
centreline window and mainly standing behind the centreline window. Although seafarers adapt
to handle their work environment, in situations where several factors coincide the adaptations
may add complexity to the situation. The wind, the tidal stream and the oncoming vessel were
factors coinciding with the frequent communication on the VHF radio which made it difficult

for the pilot to implement the strategy of mainly standing behind the centreline.

Seafarers do not influence ship bridge design

The accident investigation revealed that pilots with experience from sailing with the Ci#y of
Rotterdam and its sister vessel City of St Petersburg found piloting the vessel “disconcerting”
and “uncomfortable”. They also expressed concern that the ships side could not be viewed while
operating the helm, or the engine and bow thruster controls. As will be discussed in this thesis,
usability requires end-user involvement. The accident report provides no indication of whether
seafarers have been involved in any way during the design of this ship and if seafarers and pilots
were given the opportunity to give feedback from operations. The findings in this thesis indicate

that end-user involvement in ship bridge design is rare.

Seafarers are made responsible for the human-technology interaction on the bridge

Although design was found to be the main contributing factor to the accident, both the pilot and
the master working on board City of Rotterdam at the time of the accident were sentenced to
four months in prison for their involvement in the collision (SAFETY4SEA, 2017). After the
accident, the owner installed a bow tip marker and increased the length of the cable of the VHF
handset to allow the radio to be used while looking through the centre line window. In addition,
notices were posted on the bridge to warn about the possibility of relative motion illusion,

additional internal audits were performed to monitor bridge teams during pilotage and coastal
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navigation, and additional bridge resource management training was introduced. These actions
may reduce the likelihood of similar accidents occurring. However, these are all measures
aimed at improving the seafarers’ performance i.e., the human part of the human-technology
interaction. To improve safety learning from accidents, changes must also be made in other
parts of the maritime system, including stakeholders such as shipowners, design offices and
regulators, who have a huge influence on whether seafarers are placed in manageable

circumstances.
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1. Introduction

The United Nations Conference on Trade and Development (UNCTAD) describes maritime
transport as “the backbone of international trade and the global economy” (UNCTAD, 2022a).
Being an efficient and cost-effective method of transport, shipping transports more than 80%
of international trade in goods (International Maritime Organization, 2022¢). Our international
society is thus dependent on a safe and efficient shipping industry. Today, there are over 50,000
merchant ships in international trade, which are registered in over 150 nations and manned by
an estimated 1,647,500 seafarers (International Chamber of Shipping, 2022). The shipping
industry is a high-risk industry, where accidents can lead to major financial loss and potentially
have catastrophic consequences for human lives and the marine environment. Recent well-
known examples of serious accidents include the grounding of the cruise ship Costa Concordia
in January 2012 in which 32 people perished (Marine Casualties Investigative Body, 2013), the
collision and subsequent capsizing of the frigate KNM Helge Ingstad in November 2018 (AIBN,
2019) and the grounding of the container ship Ever Given in the Suez Canal in March 2021,
which blocked the global trade for six days (Reuters, 2021).

Fortunately, there seems to be positive developments with regard to safety at sea. For
example, Allianz Global Corporate & Specialty (AGCS) reported a 50% drop in total losses!
over the period 2011-2020, with 49 total losses in 2020 (Allianz Global Corporate & Specialty,
2021). The European Maritime Safety Agency (EMSA) reported that the overall average
occurrence rate? for the period 2014-2020 had been reduced by 39.4% (European Maritime
Safety Agency, 2021). However, there are reports indicating that the safety development is a
bit more nuanced. For instance, Eliopoulou et al. (2016) reported that in the period 2000-2012,
the frequencies of ship accidents in the world merchant fleet generally increased. However, the
safety level of the various ship types was found not to have changed significantly, as, despite
an increased frequency, the consequences of the accidents remained in average at the same
level. To some concern, the Norwegian Maritime Authority’s (NMA) maritime accident
statistics show an increase in both ship accidents and personal injuries from 2018 (Norwegian
Maritime Authority, 2022b). The reason for this increase is not currently known. In addition to

statistical trends, the sheer fact that EMSA registered 6,921 persons as injured and 550 persons

1 Total loss means that a ship ceases to exist after an accident, either from actually being irrecoverable or from
being subsequently scrapped (in cases where the cost of repair exceeds the insured value of the ship).

2 The calculated ratios between the number of reported occurrences for different ship types and its
corresponding fleet size.



as having lost their lives at sea in the period 2014-2020 (European Maritime Safety Agency,
2021) means that there is still work to be done to improve safety at sea.

Collision, contact and grounding/stranding are events that the EMSA refers to as
navigational casualties, which represent 43% of all casualty events in the period 2014-2020
(European Maritime Safety Agency, 2021). Navigation, the “science of directing a craft by
determining its position, course, and distance travelled” (Britannica, 2022), is a complex
interaction between the seafarer and the technology on board the ship’s bridge (da Conceigdo
et al., 2017; Hutchins, 1995). The ship bridge design, which in this thesis includes the design
of equipment, systems and overall layout of the bridge, strongly influences this human-
technology interaction. The interaction between humans and other elements of a system is the
central topic of the human factors discipline. Human factors in design can be described as «the
influence the design of technological systems and the working environment has on the ability
of people to behave and perform safely and reliably without putting their health and safety at
risk» (McLeod, 2015, p. 1). Suboptimal usability® has repeatedly been found to contribute to
maritime accidents (Grech et al., 2008; Liitzhoft & Dekker, 2002; MAIB & DMAIB, 2021;
Puisa, 2018; van de Merwe, 2016). However, when the human-technology interaction on the
bridge breaks down, the cause is often attributed to sAuman error rather than factors like design
(Ibid.). When human error is found to be the cause of accidents, learning and improvement
efforts tend to focus on changing human behaviour by adding procedures, instructions and
checklists, while other parts of the sociotechnical system, like organisational and technological
factors, are ignored (Schréder-Hinrichs et al., 2011; Woods et al., 2010).

The quote “We don’t want design on the bridge, it should be functional!” from the
introductory pages of this thesis, was stated by a captain during one of the field trips performed
as part of the data collection in this study. The quote illustrates that design means different
things to different people. In the research literature, an often-cited definition of design is that it
concerns devising “courses of action aimed at changing existing situations into preferred ones”
(Simon, 1969, p. 55). Especially relevant for this thesis is the concept of human-centred design
approach. This is an approach that “aims to make systems usable and useful by focusing on the
users, their needs and requirements” (International Organization for Standardization, 2010). As
such, design should be a positive contribution to the work performed by seafarers on a ship’s

bridge. In contrast, the captain’s quote can be seen as a view of design as fancy features without

3 Usability is defined as the “extent to which a system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of use”
(International Organization for Standardization, 2010).
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the preferred or needed functionality. The quote can also be understood as an expression of
frustration over ship bridge design that does not accommodate the seafarer’s daily work tasks
and responsibilities. It also serves to illustrate the gap in the understanding of work-as-done
between the seafarers and the people and organisations that in different ways influence the
design of equipment and the overall layout of the ship’s bridge.

The International Maritime Organisation (IMO), which is responsible for the
international regulatory framework for the shipping industry, has acknowledged the need to
address human factors, i.e. usability, in ship bridge design through the SOLAS regulation V/15
(International Maritime Organization, 2002). There is also a substantial amount of research on
ship bridge design, investigating work on the bridge (da Conceigao et al., 2017; Forsman, 2015;
Hutchins, 1995; Liitzhoft, 2004; Prison et al., 2013), maritime designers and design processes
(Ahola, 2018; Lurds & Nordby, 2015; Meck et al., 2009), stakeholders in maritime design
processes (Gernez, 2018; Petersen et al., 2011; Osterman, 2013; Osterman et al., 2009) and
development and innovation projects (Bjerneseth, 2021; Costa et al., 2017; Gernez, 2018;
Javaux et al., 2015; Lurés, 2016; Mallam & Nordby, 2021). Still, improvement of usability in
the maritime industry seems to be slow, exemplified by the fact that that the importance of
grouping of functions on the bridge, which Vu argued for in 2018, was also advocated for by
Wilhelmsen in 1971.

To sum up, suboptimal usability in ship bridge design persists despite the research,
design methods, technology development and innovations and design regulations that exist
today, suggesting that there are factors influencing the improvement of usability in ship bridge
design that are yet to be explored and understood. Thus, the overall aim of this thesis is to
contribute to improved safety at sea by increasing knowledge on factors in the maritime industry
that may influence the improvement of usability in ship bridge design. The research is guided

by the following research questions:

The main research question:

Why is usability in ship bridge design a persistent problem in the maritime industry?

The main research question is detailed through the following sub-questions:

RQ1: How can the human work in collaboration with technology on the ship’s bridge be
understood and described?

RQ2: How do different actors in the maritime industry understand and describe the human-

technology interaction on the bridge?



RQ3: How do different actors in the maritime industry perceive their responsibility for usability

in ship bridge design?

These questions are explored through a qualitative study comprising interviews, observations
and document analysis, incorporating data from a variety of stakeholder groups: seafarers,
shipowners, equipment manufacturers, a shipyard, a Flag State, classification societies,
maritime insurers as well as accident investigation reports. The study found several factors that
may influence usability in ship bridge design. Core stakeholders, including the seafarers, place
the responsibility for adapting and managing the human-technology interaction on the ship’s
bridge on the seafarers, regardless of usability. There is less attention to the blunt-end
stakeholders’ responsibility for placing seafarers in manageable conditions. For many
stakeholders, there does not seem to be any incentive to invest in usable products, as this study
found that the SOLAS regulation V/15 is not actively enforced, and the profitability of usability
investments is not apparent to them. The overall responsibility for usability in ship bridge
design seems to be fragmented, as all stakeholders in this study direct the responsibility to
several of the other stakeholders. Based on this study’s findings, this thesis argues that there is
a need for transferring existing human factors and safety knowledge to stakeholders in the
maritime industry and to find ways of including the seafarers’ perspectives in the existing ship

bridge design, development and procurement processes.

1.1.The SMACS research project

The basis for this PhD scholarship was a project named Sensemaking in safety-critical
situations (SMACS), which was funded by the Norwegian Research Council (grant number
267509). This was a four-year project running in the period 2017-2020, led by Stig Ole Johnsen
at SINTEF Digital, Trondheim. The project group consisted of researchers affiliated with
SINTEF Digital, IFE Institute for Energy Technology and the Department of Design,
Norwegian University of Science and Technology (NTNU). The primary objective of the
SMACS project was to build and disseminate knowledge on how to enhance the technological,
human and organisational capabilities needed to be able to handle safety-critical situations in
the maritime sector. The project thus had a holistic perspective and included work packages
concerning design, training, regulations and professional culture on board ships. This broad
perspective allowed the scope of the PhD work to develop and change over time, while still

contributing to the SMACS research objectives. Some of the interviews and observations that
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form the empirical basis of this thesis were performed together with project members as part of
work packages in the project. This is detailed in Chapter 5. Several papers were written together

with SMACS project members, including Paper IV in this thesis.

1.2.Evolution of the research

I set out on the PhD journey with an interest in how design of technology influences human-
machine interactions and thereby system safety. With the PhD scholarship being connected to
the SMACS project, this naturally set certain premises for the study. At the outset, the PhD
work focused on the sensemaking concept, which was central in the SMACS project. My initial
goal was to develop design guidelines to support seafarers’ sensemaking on the ship’s bridge.
Hence, the research initially focused on sensemaking and work on the bridge, as well as design
processes performed by equipment manufacturers. Gradually I realised that 1) a ship’s bridge
is not only the result of design and development processes performed by designers and
equipment manufacturers, but is also the result of other stakeholders’ investments, as well as
procurement and installation processes, and 2) there is already a great amount of knowledge
concerning human-centred design available, both in general and for the maritime sector, in the
form of regulations, standards and guidelines. The problem rather seemed to be the limited
extent to which they are being utilised. Developing additional guidelines did not seem to be a
fruitful direction to pursue, therefore, about mid-way in the PhD work, the research focus
shifted to investigating a broader set of maritime stakeholders and their understanding of and

perceived responsibility for usability in ship bridge design.

1.3.The Structure of the thesis

The remainder of this thesis is structured as follows: Chapter 2 provides background
information about the maritime industry, the industry actors included in this thesis, the relevant
design regulations and a description of the ship’s bridge, including its typical equipment, layout
and work organisation. In Chapter 3 an overview of relevant literature is provided, including
research on work on the ship’s bridge, maritime designers and design processes, stakeholders
in ship bridge design and studies of maritime accident investigations. This chapter situates the
current work within the research domain of maritime human factors and design and point to
existing research gaps. Chapter 4 describes the theoretical framework and key concepts applied

in this study, including design, human-centred design, human error and safety perspectives,



sensemaking and seamanship. In Chapter 5, the research design and methods of this study are
presented, including reflections on the scientific quality of the research. Chapter 6 provides a
presentation of the five scientific publications included in this thesis. In Chapter 7, the findings
from the presented publications are discussed in light of the research literature and the
theoretical framework, focusing on the main contributions of the thesis. Chapter 8 concludes
the work, outlines the thesis contributions and provides suggestions for further research.

The research is disseminated in one book chapter, two conference papers and two
journal papers. An overview of the publications is found in Table 1 and the full texts are

attached in the Appendix.

Table 1. The five publications included in the thesis.

No | Title Year | Authors Publication

I Making sense of sensemaking | 2021 | Danielsen, B.-E. S. O. Johnsen & T. Porathe (eds.),
in high-risk organizations Sensemaking in safety-critical and

complex  situations: Human
Factors and Design. CRC Press
(published)

I Still unresolved after all these | 2021 | Danielsen, B.-E., Liitzhoft, | Stanton, N. (eds), Advances in
years: human-technology M., & Porathe, T. Human Aspects of Transportation.
interaction in the maritime AHFE 2021. Springer
domain (published)

qrp | The contribution of ship | 2022 | Danielsen, B.-E. Katie Plant and Gesa Praetorius
bridge design to maritime (eds.), Human  Factors in
accidents Transportation. AHFE  2022.

Springer
(published)

v “Seafarers should be | 2022 | Danielsen, B.-E., Liitzhoft, | Cognition, Technology & Work,
navigating by the stars™: M., Haavik, T., Johnsen, | 24,675-691.
barriers to usability in ship S.0. & Porathe, T. (published)
bridge design

v Somebody else’s problem? | 2022 | Danielsen, B.-E. & | TransNav, International Journal
Usability in ship bridge design Petersen, E.S. on Marine Navigation and Safety
seen from the perspective of of Sea Transportation, 16 (4), 685-
different maritime actors 700.

(published)




2. Background

This chapter presents background information about the research context which will serve as
an important backdrop before proceeding to the next chapters. The chapter describes the
technology and the work performed on ship bridges, some central characteristics of the
maritime industry, the maritime actors included in this thesis, the ship design and building

process and the regulations applicable for ship bridge design.

2.1.The ship’s bridge

The bridge is “the centre where control is exercised over the behaviour of a vessel as a mobile
entity” (Wilkinson, 1971, p. 313). From this location, the captain and deck officers perform
navigation, manoeuvring, monitoring and control of the ship. The bridge may be located in the
forecastle, mid-section or aft, depending on ship type and function. To provide an idea of the
work environment in question, a general bridge layout is shown in Figure 1. The fore bridge
windows provide a view of the surrounding area and in the consoles equipment like electronic
charts, radar, steering equipment, engine control and communication systems are placed. The
bridge layout and equipment may vary considerably, both within and between ship types. For
instance, offshore supply vessels equipped with a Dynamic Positioning (DP) system may, in
addition to the forward steering position, have an aft steering position where monitoring and

control of the DP system is performed.
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Figure 1. The general layout of a ship’s bridge.



Picture 3 and Picture 4 are photographs from the field trips performed as part of this PhD

project, illustrating how ship bridge design and layout can differ significantly between ships.

Picture 3. Main workstation on passenger ship built in 1983 (Photo: Brit-Eli Danielsen)

Picture 4. Main workstation on offshore supply vessel built in 2014 (Photo: Brit-Eli Danielsen,).



The minimum requirements for the equipment installed on a ship’s bridge is provided in
SOLAS Chapter V, regulation 19. The requirements are connected to ship size and whether the
ship is engaged in international voyages. The bridge of a ship of 50,000 gross tonnage and

upwards must have the following instruments available:

e Electronic Chart Display and Information System (ECDIS)
e Radars and automatic radar plotting aid

e Magnetic compass and gyro compass

e Rudder, propeller, thrust indicators and controls

e Heading or track control system

e Autopilot

e Rate-of-turn indicator

e Speed and distance measuring device

e Automatic identification system (AIS)

e Global navigation satellite system (GNS) receivers
e Echo sounder

e VHF and intercom

The available tools and instruments on the bridge have changed over the years in pace with the
general evolution of technology. One hundred years ago, navigation was performed by
calculations based on observing celestial bodies. In the 1920s, paper charts, compass, sextant
and depth soundings were the available tools to a navigator (Liitzhoft, 2004). Today, navigation
is performed with the help of the above-mentioned electronic instruments, in other words, it is
possible for the deck officer to find the position of the ship by looking at the ECDIS display
where the own ship’s position is displayed as a symbol.

The technological development has also included the integration of instruments,
meaning that they can be connected to exchange data with each other. Both navigation systems
and other ship management systems, e.g., engine and ballast control, can be integrated to form
an integrated bridge system (IBS). IMO’s definition of IBS describe that the aim of integration
is to increase “safe and efficient ship's management” (International Maritime Organization,

2022d) illustrating that safety is an important element in the technological development.



2.2.The work on the bridge

The crew on board a ship is hierarchically organised, with the master or captain being manager
and in overall command of the ship. Next in command is the chief engineer, responsible for the
engine department and the chief officer, responsible for the deck department (Liitzhoft et al.,
2011). In general, the ship's crew can be divided into the deck department, the engineering
department, the steward's department and others depending on ship type. The deck department
consists of deck officers and ratings. The deck officers are responsible for the safe and efficient
navigation of the vessel, as well as the overall management of the vessel which includes
administrative tasks such as scheduling, reporting, external coordination, cargo storage and
handling, deck operations and maintenance. The work on a ship’s bridge may be described as
the following basic functions: navigating and manoeuvring, monitoring, manual steering,
docking/undocking, planning and documentation, safety and communication (Liitzhoft &
Lundh, 2009). Seafarers’ competence is regulated by the IMO International Convention on
Standards of Training, Certification and Watchkeeping for Seafarers (STCW) (International
Maritime Organization, 1978), which prescribes minimum standards relating to training,
certification and watchkeeping for seafarers on an international level.

The bridge crew’s responsibilities are carried out in shifts or watches, which may last
for four to seven hours, depending on the arrangement on the individual ship. The deck officer
assigned with the duties of watch keeping and navigation on a ship’s bridge is known as the
officer on watch (OOW). He or she may be aided by a helmsman and an Able seaman (AB)
acting as lookout. The OOW is the master’s representative and is responsible for the safe
navigation of the ship on his/her watch (International Maritime Organization, 1978). In both
the offshore vessels and passenger vessel visited during my field trips, there were four deck
officers organised in two shifts, where the master and the chief officer were paired with an

officer of lower rank in each shift.

2.3.Characteristics of the maritime industry

According to the International Maritime Organization “Shipping is perhaps the most
international of all the world's great industries” (International Maritime Organization, 2022f).
Globalization provides business opportunities but may also be a challenge for national
authorities role in the enforcement of safety regulations (Almklov & Lamvik, 2018; Le Coze,
2017). The commercial operations, technical management, crewing, registration and ownership

of a single ship may be spread across several countries. On a global scale, the top five ship-
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owning economies (Greece, China, Japan, Singapore and Hong Kong SAR) per January 2021
accounted for 52% of the world fleet tonnage combined. Half of the world’s tonnage was owned
by Asian companies, while Europe accounted for 40% of the ownership (UNCTAD, 2022b).
Tonnage has increased considerably over the recent years, to a carrying capacity of 2.1 billion
dwt* in January 2021, which is 63 million dwt more than the previous year (UNCTAD, 2022b).
This is due to both an increase in ship size as well as an increase in the number of ships.
Shipbuilding was in 2020 concentrated in China, the Republic of Korea and Japan. In 2020,
these three economies accounted for 94% of the global shipbuilding in terms of gross tonnage”,
while ship recycling mainly occurred in Bangladesh and India (jointly accounting for 71%).

From the 1970s, following the growing free-market capitalism, shipowners increasingly
registered their ships under a different flag than the country of the vessel owner, known as flags
of convenience (FOC). Reasons for doing so include economic advantages like lower
registration fees, minimal conditions for admission and relatively relaxed regulatory standards
in some countries (Bhardwaj et al., 2019). This has led to Panama, Liberia and the Marshall
Islands becoming the leading flags of registration (UNCTAD, 2022b).

The shipping industry involves different business sectors, depending on the type of
cargo being carried (e.g., bulk, tank, container or specialised cargo), whether it is organized as
tramp® or providing services which can be port tugs and bunker ships or services running on
fixed schedules like container lines, passenger and cruise ships. The different sectors may have
differently organised economic models and organisational structures to achieve their goals as
businesses. A common characteristic, however, is the highly competitive terms of the industry,

as described by Walters and Bailey (2013, p. 81):

“Matching capacity to carry cargo with the needs of shippers/charterers is a core activity
essential to the successful business of shipping. This includes not only providing the right
service at the right price, but also the buying, building, chartering-in and chartering-out of ships

in anticipation of international, but also local and regional, market conditions”

It is a common arrangement to outsource and charter ships which leads to a distinction between

ownership and the operation of a ship (Walters & Bailey, 2013).

4 The unit dead-weight tons (dwt) indicate the cargo carrying capacity of a ship

5 The unit gross ton (gt) reflects the size of a ship

& A vessel which does not operate under any regular schedule, itinerary or ports of call. It trades on the spot
market and calls any port where cargo may be obtained
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2.4. Actors in the maritime industry

This section provides a description of the maritime actors relevant for this thesis; the IMO, the
Flag States, the classification societies, shipowners, shipyards, equipment manufacturers,
insurance companies and crew (seafarers). How these actors relate to each other is illustrated

in Figure 2.

Equipment Orders
manufacture

society
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Wory

Figure 2. An overview of the maritime actors and their relations. The empty circles illustrates that the figure is not exhaustive,
numerous other maritime actors exist.

The International Maritime Organization (IMO)

The IMO is a specialised agency of the United Nations. The international nature of shipping
has necessitated regulations and standards to be developed on an international level to be
effective. IMO is a forum where international regulations and standards can be agreed upon,
adopted and implemented (International Maritime Organization, 2022¢). Creating an
international regulatory framework for the shipping industry is required “so that ship operators
cannot address their financial issues by simply cutting corners and compromising on safety,
security and environmental performance.” (International Maritime Organization, 2022¢). The

IMO’s formal mission statement is to:
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“promote safe, secure, environmentally sound, efficient and sustainable shipping through
cooperation. This will be accomplished by adopting the highest practicable standards of
maritime safety and security, efficiency of navigation and prevention and control of pollution
from ships, as well as through consideration of the related legal matters and effective
implementation of IMO’s instruments with a view to their universal and uniform application.”

(International Maritime Organization, 2022a).

The IMO was formally established in 1948 and entered into force in 1958. Several
conventions, including SOLAS, had already been established and were incorporated by the
IMO when founded. The IMO is now responsible for more than 50 international conventions
and agreements, in addition to the many protocols and amendments that have been adopted
(International Maritime Organization, 2022b). The IMO currently has 175 Member States and
three Associate Members, in addition to 66 intergovernmental organisations that have observer
status and 85 international non-governmental organisations with consultative status, in order to
ensure international information sharing and coordination. The Organization consists of an
Assembly, a Council and five main Committees and several Sub-Committees that support the
work of the main committees. The committees may communicate the interpretation and
guidance of the conventions by circulars. The IMO conventions come into force through
consensus by all member states. The consensus process has been accused of being an extremely
slow procedure that often results in the lowest common denominator (Mitroussi, 2004).
However, the IMO has taken measures to improve their processes, for instance through the
method of tacit acceptance of the amendment process. The enforcement of the IMO conventions
depends upon the Governments of the Member States as the IMO itself has no powers to enforce

conventions (International Maritime Organization, 2022b).

Flag States

The flag state is responsible for the enforcement of national and international maritime
regulations on ships flying their flag. The Norwegian Maritime Authority (NMA) is “the
administrative and supervisory authority in matters related to safety of life, health, material
values and the environment on vessels flying the Norwegian flag and foreign ships in
Norwegian waters” (Norwegian Maritime Authority, 2022a). The NMA is subordinate to the
Ministry of Trade, Industry and Fisheries and the Ministry of Climate and Environment. The
activities of NMA “are governed by national and international legislation, agreements and

political decisions” (Norwegian Maritime Authority, 2022a). One of the “driving forces” of the
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NMA is to maintain and develop “a strong Norwegian flag” and its overall objective is to be
“the preferred maritime administration” (Norwegian Maritime Authority, 2022a). The NMA
actively participates in international organisations and in international legislation development.
The NMA records and follows up on accidents as well as managing the Norwegian International
Ship Register (NIS) and the Norwegian Ordinary Ship Register (NOR). Central to this thesis is
the NMAs role of acting as a supervisory authority, which includes certification (for seafarers
and vessels), document control, inspection and auditing to ensure equipment and vessels’
compliance with the legislation. The flag administrations may delegate the inspections and

surveys either to surveyors nominated for the purpose or to recognised organisations (ROs).

Classification Societies

Classification societies are non-governmental organisations that establish technical standards
for the construction of ships. They issue classification certificates that verify that the
construction of a vessel complies with relevant standards. This certificate is necessary for the
shipowner to register the ship in a flag state and obtain marine insurance. The certificate of
class will include class notations that signify which rule requirements that are applicable for the
assignment and retention of class. Class notations are either mandatory or optional, and can
cover different aspects (e.g., ship type, structural or engine standard). Bridge and bridge
equipment is not part of classification unless the shipowner wants a specific, navigation-related
voluntary notation.

The flag state may delegate the responsibility for inspection and supervision of the flag
state rules to a classification society, meaning they have a been appointed as a Recognised
Organisation (RO). In Norway, five classification societies are appointed as ROs: American
Bureau of Shipping, Bureau Veritas, DNV, Lloyd's Register, RINA and ClassNK. These are all
members of the International Association of Classification Societies (IACS), a non-profit
organisation of classification societies that establishes minimum maritime technical standards
and requirements that are aligned with the IMO through its consultative status. Classification
societies can also be approved as notified bodies, meaning they can issue the Marine Equipment
Directive (MED) certification which is required for ships flying the flag of an EU or EFTA

country.

Shipowners
Shipowners are a diverse group. The owners of ships may be organized as a company, it may

be a person or an investment fund. Shipowner companies can range from small family-run
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companies owning one or a few ships to multinational companies owning hundreds of ships.
The different functions like ship management, technical management, purchasing, insurance
and crewing management may be departments within the company, or it may be outsourced to
a third-party company. The shipping companies has access to a global labour force as the IMO
International Convention on Standards of Training, Certification and Watchkeeping for
Seafarers (STCW) certificates of competence are internationally accepted. Shipowners have the
possibility to optimize cost structures through replacing the crew, or parts of the crew, with
workers from a different nationality where the claims for wages are lower. Shipowners’
priorities are influenced by being part of a business sector with competition between companies
and countries in the maritime industry. In addition, the maritime industry competes with other

transport sectors (Sterkersen, 2015)

Shipyards

Shipyards design and build new ships and provide service, maintenance repairs and
conversions, modifications and upgrades of existing ships. Most shipyards have a design
department and an engineering department. Naval architects are important professionals in
these companies, being responsible for ship design, construction and project management. The
primary aspect of naval architecture has to do with the main characteristics of a ship, such as
the size, speed, stability, manoeuvrability, cargo carrying properties, and exterior and interior
design. The design process usually follows the traditional engineering focused spiral concept

of ship design (Evans, 1959).

Equipment manufacturers

Equipment manufacturers are companies that design, develop and sell a wide range of maritime
equipment for ships, e.g., specialist hardware, software, electrical propulsion systems, bridge
equipment and DP systems. Some equipment manufacturers operate in a specialised niche,
delivering one or a few specific pieces of bridge equipment, while others deliver a complete
range of bridge equipment that includes consoles and integrated bridge solutions. Design and
development of equipment may require several engineering disciplines and designers. In
addition, the sales department may be an important influence on decisions within equipment

manufacturer organisations.
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Insurance companies

Marine insurance is the shipowner’s protection against financial loss due to accidents and
incidents and is divided into two main areas: 1) Hull and machinery insurance, which covers
the risk of property damage and 2) Protection and Indemnity (P&I) insurance, which covers
open-ended risks, like third party liability for cargo, injuries to people or environmental
damage. The high value of a ship has led to the insurance of a single ship often being divided
over multiple companies in order to distribute the risk. The insurance process involves
insurance brokers that ensure the whole ship gets insured, and insurance adjusters that manage

the distribution between insurance companies in the case of damage.

Crew

The shipping industry is international and “a ship can be owned in one country, operated from
another country, and registered by a third country, and crew can hail from any country”
(Lutzhoft et al., 2011). The seafarers being a global labour force is made possible by the IMO
STCW (International Maritime Organization, 1978) which ensures the seafarers’ basic
requirements on an international level. As mentioned, there is often a distinction between
ownership and operation of a ship (Walters & Bailey, 2013). Seafarers that are employed
through a crewing agency may have their contract of employment with the shipowner, while
still mainly interacting with the crewing agency. The recruitment period may be limited to a
voyage or a contract for up to a year (Walters & Bailey, 2013). There is a global shortage of
ship officers in the industry, which Bhattacharya (2015) connects to unsatisfactory work
experiences, related to e.g. working conditions on board, job security and lack of adequate shore
leave. The shipping industry’s requirements for profitability have led to reduced manning on

board as well as extended working hours (Ljung & Liitzh6ft, 2014; Lundh, 2010).

2.5.Ship design and building

The decision to initiate a ship design process is a business decision based on anticipated market
conditions (Gernez et al., 2014; Walters & Bailey, 2013). Shipowners and investors generally
focus on the earning potential of the ship, such as cargo carrying capacity, speed, versatility and
efficiency (Lundh, 2010; Liitzhoft et al., 2017). Already prior to the signing of the contract
between shipyard and ship-owner for the construction of the ship, there has been multiple
negotiations and considerations performed by the shipping company, financer and future

owners (Dokkum, 2016). Hence, the focus tends to be on improving efficiency through
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investments in technologies rather than on operations and the people working on board
(Bhattacharya, 2015). A shipowner has the possibility to buy a standard ship type developed
and built in larger series by a yard. Series-production enables a shipyard to increase its
production efficiency, which in turn lowers the cost per ship. However, most new ships are
designed and constructed following the specific requirements of the shipping company
(Dokkum, 2016).

The onboard systems are usually built up of commercial off-the-shelf (COTS)
equipment, delivered by a vast number of maritime sub suppliers, each specialising in their
separate niches (Liitzhoft et al., 2017). On the ship’s bridge this leads to a vast array of
equipment and systems provided by multiple vendors (Nordby, Frydenberg, et al., 2018), with
differences in look, feel, interaction paradigms and alarm indication concepts (Liitzhoft et al.,

2017).

2.6.Ship bridge design regulations

Ship bridge equipment and design is regulated through the IMO instruments. The International
Convention for the Safety of Life at Sea (SOLAS) was established in 1914 as a response to the
sinking of the Titanic in 1912. SOLAS was incorporated by the IMO at its foundation and is
still the most important international maritime safety mechanism (Parsons & Allen, 2018). The
SOLAS convention governs safety through 14 chapters that specify minimum standards for the
construction, equipment and safe and secure operation of ships (International Maritime
Organization, 2022g). Chapter V, Safety of Navigation, includes e.g., requirements for
meteorological services for ships, search and rescue services, manning, routeing of ships and
pilot transfer. SOLAS Chapter V, Regulation 22 describe requirements regarding visibility from
the bridge while Chapter V, Regulation 19 concerns “Carriage requirements for shipborne
navigational systems and equipment”. Regulation 19 outlines specific requirements for the
equipment that ships must have installed, for example compass, charts, ECDIS, radar, automatic
identification system (AIS), echo sounder, speed measuring devices, track and heading control.
For each of these instruments the IMO has issued performance standards that outline the
required functionalities and qualities of the equipment. Due to the rather high-level language of
the performance standards, the International Electrotechnical Committee (IEC) develops highly
detailed test standards matching the IMO performance standards. The IEC Test Standards form
the base for the issuing of Type Approval of navigational equipment and it is thus important for

the equipment manufacturers to meet these requirements. In addition, ships flying the flag of a
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European Union (EU) or European Free Trade Association (EFTA) country can only install
marine equipment marked with the “wheel mark”. The “wheel mark” is the EU Marine
Equipment Directive (MED) mark of conformity, which is issued by notified bodies that verify
that the equipment is in compliance with relevant standards.

Of particular interest in this thesis is SOLAS Chapter V, Regulation 15, that sets forth
“Principles relating to bridge design, design and arrangement of navigational systems and
equipment and bridge procedures” (International Maritime Organization, 2002). These seven
principles require usability considerations in all decision affecting design and arrangement of
bridge equipment and systems through rather strong wording (International Maritime

Organization, 2002):

“All decisions which are made for the purpose of applying the requirements of regulations 19, 22,
24, 25, 27 and 28 and which affect bridge design, the design and arrangement of navigational

systems and equipment on the bridge and bridge procedures shall be taken with the aim of:

1. facilitating the tasks to be performed by the bridge team and the pilot in making full appraisal
of the situation and in navigating the ship safely under all operational conditions;

2. promoting effective and safe bridge resource management;

3. enabling the bridge team and the pilot to have convenient and continuous access to essential
information which is presented in a clear and unambiguous manner, using standardized symbols
and coding systems for controls and displays;

4. indicating the operational status of automated functions and integrated components, systems
and/or sub-systems;

5. allowing for expeditious, continuous and effective information processing and decision making
by the bridge team and the pilot;

6. preventing or minimizing excessive or unnecessary work and any conditions or distractions on
the bridge which may cause fatigue or interfere with the vigilance of the bridge team and the
pilot; and

7. minimizing the risk of human error and detecting such error if it occurs, through monitoring and

alarm systems, in time for the bridge team and the pilot to take appropriate action.”

In regulation V/15 there is a reference to the circular MSC/Circ.982. This circular, issued by
the IMO’s Maritime Safety Committee (MSC), sets forth “Guidelines on Ergonomic Criteria
for Bridge Equipment and Layout”. This guideline intends to support the provisions of

regulation V/15 through focusing on physical ergonomics guidelines for bridge equipment and
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bridge layout. The guideline includes the recommendation for seven distinct workstations based

on bridge functions and lists the recommended equipment for each workstation.
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3. Relevant research on ship bridge design

In this chapter, relevant research on ship bridge design is presented to inform the topic and
findings of this thesis, as well as to identify gaps in the literature that this thesis aims to address.
More specifically, the chapter explores studies concerning human-technology interaction on the
ship’s bridge and how design issues influence this interaction, maritime designers and design
processes, ship bridge design and development efforts, stakeholders in maritime design and the
economic value of human-centred design, as well as studies concerning maritime accident

investigations.

3.1.Design issues on the ship’s bridge

The significance of human factors (or ergonomics) was acknowledged later in the maritime
industry than in the aviation and nuclear industries, although maritime human factors work can
be traced back to World War II (Liitzhoft et al., 2011). The first studies addressing human
limitations and system requirements on design of bridge equipment on merchant ships occurred
in the late 1960s (Liitzhoft et al., 2011). One of the earliest comprehensive studies of ship bridge
design and bridge equipment from an ergonomic point of view was provided by Wilkinson
(1971). Wilkinson raises the concern that the design and layout of ship bridges have not kept
pace with advances in technology. He argues that the bridge is not the result of “a planned
rational approach” (Wilkinson, 1971, p. 314) based on a full assessment of the work
environment, but rather that it has gradually evolved based on the previous layout.

Further, Wilkinson attributes poor design to lack of feedback from operations to
designers (naval architects and equipment manufacturers) and reports that seafarers adapt to the
equipment regardless of its usability. Wilkinson criticises designers’ lack of knowledge about
the work on the bridge, highlighting the lack of working communication lines between the
seafarers and the designers to provide feedback from operations. Another early study of the
interaction between humans and technology on the ship bridge was performed by Morgan et al.
(1986). This study found that the interaction between individuals in a navy bridge team was
partly determined by the interaction with technology and technology procedures, and that this
standardised performance of tasks left too little room for communication and cooperation
between the team members. The authors argue that this can weaken the mechanisms that create
the dynamics and flexibility presumed to strengthen a team’s capacity to handle uncertainty and

ambiguity. In the same vein, Serensen et al. (2018) argue that the layout of ship bridge
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equipment and consoles has an observable impact on the ability of bridge teams to operate
effectively, which necessitates a minimum manning requirement for the bridge to ensure safe
resource management. Liitzhoft (2004) performed a comprehensive ethnographic study of work
on ship bridges and, in line with Wilkinson (1971), found that design and development of
technology for ship bridges is done without the necessary knowledge about the context of use
and end-users’ needs. Liitzhoft found that the increasingly automated systems on the bridge
required the seafarers to do less manual work, but more cognitively demanding integration
work. Similarly, Olsson and Jansson (2006) found that bridge officers on high-speed ferries
often have to devote significant attention to information search and manipulation of controls,
due to inappropriate integration and presentation of information. When Allen (2009)
investigated British seafaring officers’ perceptions of new technology, he found little
generalised resistance towards new technology. However, the officers greatest concern was
training, a fact that Allen connects to poor design and the need to constantly adapt to new
interfaces as two bridges are rarely the same.

Several authors have addressed the increasing level of automation on ship bridges and
how this has introduced new challenges to the human-technology interaction (Grech et al.,
2008; Hetherington et al., 2006; Liitzhoft & Dekker, 2002). Liitzh6ft and Dekker’s (2002) study
is a good illustration of this, where they traced the sequence of events that preceded the
grounding of the Royal Majesty in 1996, from the viewpoint of the crew on the bridge. The
analysis aimed at understanding why the crew’s actions and assessments made sense at the time,
and shows the consequences of automation surprise, i.e., when humans are not aware of or
understand what the automation is doing. Liitzhoft and Dekker (2002) suggest that automation
creates new human weaknesses and amplifies existing ones. Liitzhoft et al. (2011) argue that
the role of the Officer on watch (OOW) has changed from actively navigating/conning the ship,
to passively monitoring semiautomatic systems, which contributes to other known human-
automation challenges such as out-of-the-loop syndrome and de-skilling.

The suboptimal usability found on ship bridges has been connected to the way
technology is introduced and implemented on the bridge (Bhardwaj et al., 2019; Norris, 2007,
Olsson & Jansson, 2006). MAIB and DMAIB (2021) found that ECDIS has been viewed in the
same way as paper charts, despite it being a technology that provides a new form of knowledge,
as well as increasing the amount of available data that requires management and interpretation.
This necessitates different types of training, procedures and technological solutions. Bhardwaj

et al. (2019) argue that the equipment implementation process is driven by economic logic of
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low-cost operations, which contributes to making the seafarers adapt to the new technology

while having the same number of manual tasks.

3.2. Human-technology interaction on the bridge

While Hutchins’s (1995) book Cognition in the Wild did not address ship bridge design from
an ergonomic viewpoint, his seminal work on understanding the work on a naval ship bridge
bears mentioning. Based on both anthropology and psychology, he describes the work on a
naval ship bridge as a distributed cognitive system, i.e., larger than an individual and with
cognitive properties produced by interactions between both technology and individuals. In the
same vein, a ship’s bridge can be understood as a sociotechnical system, where social
(individual, organisation, society) and technical (machines, technology, material) factors
interact to produce a (successful) system outcome (Costa, 2018; de Vries, 2017; Grech et al.,
2008). Each ship can be viewed as a sociotechnical system that is part of a larger network of
ships, shore structures and organisations, where the shipping industry itself is recognised as a
complex sociotechnical system (Costa, 2018; da Conceigdo et al., 2017; Forsman, 2015; Grech
et al., 2008).

Prison et al. (2013) studied ship manoeuvring and found that a sea voyage has three
phases with different levels of complexity and required effort from the crew: close
manoeuvring, archipelago and open sea. Further, they describe the ship handlers’ work to
accomplish a safe journey as “striving for harmony” between the ship and its surrounding
environment. “Striving for harmony” requires the ship handler to account for the individual
ships” manoeuvrability and navigation instruments, as well as dynamic environmental factors
such as wind, waves, current and visibility. The ability to deal with these factors depends on
what Prison et al. referred to as ship sense, a form of tacit knowledge about the manoeuvring
of a ship that includes “knowing what information to look for, where to find it and how to use
it to be able to manoeuvre the ship” (Prison et al., 2013, p. 117). Similarly, Forsman (2015)
studied high-speed navigation and argued that as various aspects like the task, situation, context,
weather and speed vary, the methodology to handle these needs to encompass the ability to
adapt dynamically.

The concept of situation awareness (SA)’ has been pointed out as important in relation

to technology on the bridge (Grech et al., 2008). Grech et al. (2008) identified the factors that

7 Endsley (1988) defines SA as “the perception of the elements in the environment within a volume of time and
space, the comprehension of their meaning, and the projection of their status in the near future.”
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influence loss of SA on a ship’s bridge to be too high or too low workload, system complexity,
automation, safety culture, teamwork and communication. Sandhéland et al. (2015a) examined
accident reports concerning collisions between attendant vessels and offshore facilities on the
Norwegian continental shelf during the period 2001-2011, and found that 18 of 23 accidents
were preceded by loss of situation awareness. The authors established that inadequate operation
planning, inadequate bridge design, insufficient training, communication failures and
distracting elements were the underlying factors that contributed most significantly to the
collisions. In a related field study of bridge operations on offshore supply vessels, Sandhéland
et al. (2015b) found distinct variations in shipboard practices such as operational planning,
communication procedures and distracting elements, that can influence SA. This study
described SA as a distributed phenomenon, where SA-related information was held both by

human and non-human agents on the bridge (Sandhéland et al., 2015b).

3.3.Maritime designers, design methods and processes

In 1980, Millar proposed that designers should consider the operational requirements of the
seafarers in order to be able to improve design by grouping of instruments and harmonising the
ship bridge design. Research has since revealed that maritime designers neither have practical
seafaring experience nor direct access to seafarers (van de Merwe, 2016), nor access to data
from questionnaires or online platforms (Vu & Liitzhoft, 2020). Thus, it is challenging for
designers to develop an understanding of the maritime end-users and their work environment
(Ahola, 2018). Supporting this, Meck et al. (2009) interviewed designers from different nautical
developmental units and found that the designers had very different perceptions of the
navigator’s role in relation to the technical systems. The designers’ images of the navigator’s
role ranged from “servant to the engineering” to “power- and skilful bridge manager”. The
designers also had different notions of human factors and usability. Further, Meck et al. (2009)
found that while designers are interested in, and aware of, the importance of integrating the user
perspective in the design process, they lack concrete knowledge and methods for including user
perspectives in their work. There are also no structural or organisational systems in place in the
maritime sector that allow for systematic feedback loop between end-users and designers (Meck
et al., 2009). In the same vein, Luras et al. (2015) investigated how industrial and interaction
designers experience designing for the Norwegian offshore industry. They found that offshore-
specific design projects are complex at many levels, which imposes several challenges for

designers and makes it difficult to acquire the necessary level of insight. Lurds and Nordby
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(2015) argue that designers in the maritime industry should develop a designer’s sea sense,
which involves detailed knowledge about the environment for which they design. According to
Luras and Nordby (2015), field research to inform design in the maritime industries has rarely
been performed, despite the fact that field research is paramount for designers to gain sea sense.

Researchers have suggested several methods for eliciting end-user information. Lurés
and Nordby (2015) developed a guide for design-driven field research to aid designers in
preparing for and performing field studies at sea. Frydenberg et al. (2019) suggested using a
mixed-methods approach based on their experience in field research to investigate the use of
AR on ship bridges, which facilitates serendipity in design-driven field research. A project
named ONSITE by Oslo School of Architecture and Design worked on how human-centred
design methods could fill the gap between ship design and operations (Gernez, 2018). The
project focused on a field study methodology (Gernez & Nordby, 2020) and how the generated
knowledge from the field could be applied in maritime design processes (Gernez, 2019;
Nordby, Schaathun, et al., 2018). Research has also demonstrated that eye-tracking can be used
to reveal suboptimal design in the ship bridge layout and in the software graphical user interface
both in simulators and at sea (Bjerneseth et al., 2014; Hareide et al., 2017; Hareide et al., 2016).
Ahola (2018) argues that using participatory design methodologies which focus on
communication and cooperation between end-users and designers, can aid in eliciting the
specialised knowledge and experience of onboard operations that seafarers possess. Costa and
Litzhoft (2014) similarly argue for the importance of user-centred design (UCD), they found
that seafarers perceive UCD as an added value in terms of physical, cognitive, psychosocial and
organisational improvements.

Other design methods that do not require field work includes the study of Vu and
Liitzhoft (2018) which investigated the way seafarers perceive and group information elements
from the displays of integrated navigation systems by using a method of card sorting. Vu et al.
(2019) found that studying the frequency of use of functions and information available on an
Integrated Navigation System can generate knowledge that can be utilised for designing menu
tree structures, display layouts and interaction methods on the interface of navigation systems.
Osterman et al. (2016) found that representative users (as opposed to end-users) were able to
generate several types of useful feedback on design parameters, using a combination of
scenarios and 3D models of a proposed design of a ship bridge workstation, showing that these
methods are useful as mediating objects supporting the end-user participation in design process.

Similarly, a European project named CASCADe argued for using a model-based design
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approach and using virtual and physical simulations for testing and evaluating to better integrate

human factors in the ship bridge design (Javaux et al., 2015).

3.4.Ship bridge design and development efforts

This section shows there has been significant activity by several research projects and studies,
to develop solutions aimed at improving ship bridge design and ship bridge design processes.
For instance, OpenBridge is a joint industry effort that seeks to solve some of the design
challenges in the maritime industry through the development of free design guidelines and
implementation tools to contribute to cross-vendor integration and consistent user interfaces
(Nordby et al., 2019). OpenBridge has focused on generic user interface components and a
number of core functions that require consistency, such as a standard navigation menu that is
shared across all bridge systems (Mallam & Nordby, 2021). Also focusing on consistency
across interfaces, the Rolls Royce Unified Bridge was a holistic bridge concept developed by a
redesign and rearrangement of physical consoles, input devices and software interfaces
(Bjerneseth, 2021). According to Bjerneseth (2021), the development followed a user-centred
design process where the end-users were involved from the ideation phase, throughout the
development process towards a finished product. Another solution that bears mentioning is a
display design concept for DP operations developed as part of the SMACS-project (Hurlen,
2021). Hurlen et al. (2019) identified “critical information hidden from view” as a challenge
for DP operators sensemaking. Configurable screens where individual users can organise the
content and layout quite freely, leaves them vulnerable to overlook important information when
unexpected situations occur. Hurlen (2021) suggests a fixed spatially dedicated overview
display to be used in combination with flexible display elements, to support a ‘at a glance’
system overview regardless of the situation. The research project CyClaDes introduced a
framework in the form of a web-based database that allows different stakeholders from the
maritime industry to access existing information about crew-centred design (i.e., guidelines,
tools and methodologies). The project also developed E-learning training packages designed to
disseminate knowledge about crew-centred design and its benefits to different stakeholder
groups (Costa et al., 2017; Praetorius, 2015; van de Merwe, 2016).

Other research projects and studies have focused on developing new and innovative
solutions intended for ship bridges in the future. The Ulstein Bridge Concept (UBC) was a
design research project focusing on the bridge environment of offshore service vessels. The

design project included all functions of the bridge, from room layout to graphical user
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interfaces. The project produced the Ulstein bridge vision, a vision based on user needs, but
also aiming at being innovative and develop solutions to be realised in the future (Kristiansen,
2014; Lurés, 2016). Strazdins et al. (2014) studied a possible future alarm solution in the form
of a wearable tactile device application for smart alarm systems. The development was based
on the hypothesis that tactile alarms can decrease user resistance and deliver more focused
awareness with directional hints to particular areas of the bridge. Another innovative solution
was proposed by Porathe (2006), who worked on 3-D nautical charts to be viewed from an
egocentric bridge perspective, where the idea was to remove the need for mental rotations that
requires cognitive work by the navigators. Route exchange is another new solution, which is
part of a new design concept for decision-support systems on the ship’s bridge, aiming at
keeping the navigator in the loop while sharing information to the wider maritime system. The
rationale behind route exchange is that by sharing intentions with fellow mariners and shore
services, there is a greater chance that someone will detect anomalies, thus avoiding so called
“single person failures” (Porathe, 2015, 2016). Bjerneseth et al. (2012) described the
development of a multi touch gesture interaction for Dynamic Positioning vessels. The study
found that the traditional touch screen button and menu interactions were quicker and less
erroneous than the multi touch gesture interaction, a finding especially evident when tested in
a motion platform simulator. As such, the study demonstrates the importance of bringing

knowledge about the context of use into the design process.

3.5.Stakeholders in ship bridge design

While the work of designers, design processes and design projects is important for the design
of ship bridges, human-centred design does not happen in a vacuum (Norman, 2013). The
design of products may be subjected to market forces, competition, costs, schedules and
conflicting requirements from a variety of stakeholders. In the maritime industry as a whole,
there are numerous actors that are either directly involved in operations, transporting goods or
people, or in the supporting areas, e.g., ship operators, shipowners, crew, shipbuilders, design
firms, equipment suppliers, brokers, agents, repairers, IMO, flag states, coastal states,
classification societies, insurance, incident management, education/training organisations,
financiers, cargo owners and ports/terminals (Liitzhoft et al., 2011). If we narrow the search for
stakeholders down to the complex process of ship design and construction processes, there are

still several stakeholders involved: classification societies, regulatory authorities, shipbuilders,
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naval architects, equipment suppliers, ship managers/operators and insurers (Rumawas &
Asbjernslett, 2014).

Of these stakeholders, regulators are especially important for ensuring safety (Reason,
1997). The IMO, which is responsible for the international regulatory framework for the
shipping industry, has acknowledged the need to address human factors in ship bridge design
through the SOLAS regulation V/15 (International Maritime Organization, 2002). To create the
needed flexibility for the many stakeholders involved in complex design processes, regulation
V/15 is structured as a goal-based regulation that sets forth objectives that the designed product
or system shall achieve, without offering a detailed description of how to achieve them. This
approach differs from prescriptive regulations that include detailed requirements for the design
of equipment. The advantage of prescriptive regulations is that a specific standard is ensured,
and they may be seen as easier to enforce by regulators as they constrain regulatory discretion.
The advantage of goal-based regulations is the flexibility provided, allowing designers and
developers to experiment and find new and innovative solutions (Decker, 2018; Hamann &
Peschmann, 2013) and they may provide flexibility to address the dynamic context of use
(Earthy & Sherwood Jones, 2006). However, there are risks associated with goal-based
regulations. In the case of SOLAS V/15, it requires that stakeholders like designers, developers
and surveyors possess a certain level of human factors knowledge as well as knowledge about
the specific users and context of use (Earthy & Sherwood Jones, 2006). Differences in the level
of knowledge of human factors and human-centred design posited by different maritime
stakeholders has been reported (Costa et al., 2017; Vu & Liitzhoft, 2020). In addition, data and
information about the maritime end-users and the context of use may neither be available
(Earthy & Sherwood Jones, 2006; Vu & Liitzhoft, 2020) nor easily accessible (Lurds &
Mainsah, 2013).

Different stakeholders’ interest in and power to influence maritime human factors is
very different (Vu & Liitzhoft, 2020; Osterman et al., 2009). The differing perspectives,
priorities, work approaches and professional languages may be a challenge for a shared
understanding between the stakeholders, as well as for project execution (Mallam et al., 2016).
In a ship design process where stakeholders represent vastly different interests, conflicts and
trade-offs may, for instance, result in an excessive addition of features as the design process
unfolds (Garcia et al., 2019). Bjerneseth (2021) describes how a ship bridge design and
development project performed by an equipment manufacturer is influenced by both the
shipyard’s strong cost focus and the customer’s (i.e., shipowner) requirements, which involves

a “high level of tailoring according to personal preference” (Bjerneseth, 2021, p. 150).
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Although Gernez’s (2018) work focused on the design of engine rooms on ships, the findings
are relevant for the case at hand because also here the end-users are not involved in the design
process. He emphasised the necessity of interaction between the engine integrator, ship designer
and yard on one side, and the end-users on the other side, to bring the operational expertise into
the design process and that these interactions should be facilitated. However, the stakeholders
that are interested in increasing their HF knowledge may find it challenging. Costa et al. (2017)
found that the human-centred design (HCD) literature is not easily accessible and interpretable
by the type of companies referred to as HCD novices. The authors suggest that in industrial
practice, it may be more efficient for a design team of engineers to have HCD knowledge come
from an educated project manager or a Human Factors/Ergonomics (HF/E) specialist than
having to spend time and resources into learning and understanding HCD from scratch.

Other authors have described how different mindsets between human factors and
engineering professionals has resulted in tense field experiences (Petersen et al., 2011; Petersen
et al., 2015). Petersen et al. (2015) sought to provide an improved understanding of the classic
design engineering mindset, to improve the interaction between these disciplines. The
traditional ship design methods tend to be engineering-focused and there seems to be a lack of
attention to human element issues in naval architecture education and design methodologies
(Ahola, 2018). To address this challenge, Abeysiriwardhane et al. (2016) constructed a
pedagogical framework for integrating HCD knowledge into maritime education through
undergraduate design projects which, according to the author, made a noteworthy contribution
to improving the students’ HCD understanding.

The research literature has also described different means to involve and engage
stakeholders in design. Mallam et al. (2017) described a software prototype of a diagnostic
visualisation tool created to facilitate participatory design processes throughout ship
development. The platform intended to facilitate multidisciplinary stakeholder knowledge
transfer, with the aim to implement and optimise user-centred design solutions in ship design.
Kristiansen (2014) discovered that conceptual designs promoted discussions among the various
disciplines of designers, engineers, management and users, and as such could be a valuable
means for increased innovation in the maritime industry. In the same vein, Lurds and Nordby
(2013) described how design presentations of a complete redesign of current ship bridges
facilitated alignment of a wide range of stakeholders’ expectations of future bridge

development, functioning as a preparation for systemic changes needed for innovation.
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3.6.Economic value of human-centred design in the maritime sector

The maritime industry is competitive, and many organisations work on very small profit
margins, forcing shipping companies to prioritise short-term economic gains (Bhardwaj et al.,
2019; Grech et al., 2008). New ship development is driven by economics, meaning that human-
factor interventions need to be justified in terms of their likely benefits exceeding their
anticipated cost (Grech et al., 2008; Mallam et al., 2017). In Sterkersen (2015) exploration of
maritime regulators’ safety-related decisions, she found that market forces influence both
regulation-making and enforcement. Sterkersen argues that the competition, both within the
maritime sector and between transport sectors, leads to disagreement concerning the priority of
safety versus profit between maritime actors. This situation “paralyzes safety regulation
development and constrains the maritime safety regulators” (Sterkersen, 2015, p. 91).
Cost-benefit analysis of ergonomics is an area where human factors specialists have
traditionally not been strong (Grech et al., 2008), which also applies for the maritime industry
(Osterman et al., 2010). Osterman and Rose (2015) argued that there is a need for knowledge
about, and methods for, measuring the financial effects of ergonomics, to enable companies to
make well-informed decisions and prioritisations. Osterman (2013) sought to demonstrate the
effects of human factors considerations in terms of a value proposition, where the value for the
employees were described in terms of improved health and well-being, learning, skill discretion
and independence in life. Its value for the company included increased operational performance
and flexibility, advantages in recruiting and retaining personnel, while for the overall maritime
sector it included competitive strength, attractiveness of work and increased learning across the
industry. On the societal level, the value of human factors considerations included reduced costs
for health care and social security, reduced environmental impact and a sustainable working

life.

3.7.Ship bridge design in maritime accident investigations

The maritime industry has a history of focusing on learning from and developing safety
regulations after incidents and accidents (Pomeroy & Earthy, 2017; Schréder-Hinrichs et al.,
2013). SOLAS regulation 1/21 and MARPOL articles 8 and 12 require that maritime
administrations perform an investigation into casualties occurring on ships flying its flag. The
Casualty Investigation Code (International Maritime Organization, 2008) requires that a marine
safety investigation to be conducted into every “very serious marine casualty”, defined as a

marine casualty involving the total loss of the ship or a death or severe damage to the
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environment. The accident investigation may be carried out by a commission or accident
investigation board within the flag state. The main objective of the investigation is to provide a
learning opportunity to prevent future accidents and incidents. Accident investigation reports
have the potential to inform ship owners, managers and seafarers of the negative impacts that
improper design can have on safety.

Previous studies of accident investigation reports have revealed human-technology
interaction and design issues to be contributing factors to accidents. Puisa (2018) analysed 188
reports from accidents and incidents with passenger ships, and found one of the prominent
issues to be incomplete hazard analysis during design. Design issues that involve interactions
between technology and people were found to be particularly overlooked or not communicated
to the operators. Similarly, Macrae (2009) studied 30 marine accident reports of collisions and
groundings, and found that issues relating to bridge layout were often involved in both types of
accidents. A finding specific for collisions was that the location of the chart room took members
of the bridge team away from their workstations. Inadequate bridge design was also found to
be one of the underlying factors in a study of accident reports from collisions between attendant
vessels and offshore facilities in the North Sea (Sandhéland et al. 2015a). Other studies
reporting issues in the human-technology interaction on the bridge are Chauvin et al. (2013)
that found ‘misuse of instruments’ to be one of two main environmental factors in their analysis
of human and organisational factors in 27 reports of collisions. Likewise, inadequate use or
failing to use available navigation aids was also found to contribute to the accidents in 18 of 95
investigation reports studied by Nilsen et al. (2016).

Grech et al. (2008) reported that system complexity and automation are factors that
influence loss of situation awareness (SA) on a ship’s bridge. They also found a correlation
between increasing levels of technology and increasing occurrences of loss of SA (Grech et al.,
2008). Despite the fact that the technology on ships is more complex today, a comparison of
the Titanic accident in 1912 and the Costa Concordia accident in 2012 indicated that the
underlying human and organisational factors contributing to the accidents are similar
(Schréder-Hinrichs et al., 2012). Further, the authors found that accident investigations and
reactions to accidents do not seem to have changed within the 100-year time span either.
Schréder-Hinrichs et al. (2012) suggest that this relates to how maritime actors think about
safety, as their thinking is in line with the Safety I perspective focusing on preventing things
that go wrong (as opposed to the Safety II perspective focusing on enhancing things that go
right).
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A study by Mallam et al. (2022) found that seafarers do not seem to utilise original
accident reports, because they favour other information sources that provide a more narrative-
driven style that relates to their specific work practices. Researchers have also pointed out that
accident investigation reports may be an incomplete source of accident information, due to
factors like hindsight bias which leads people to exaggerate what could have been predicted in
foresight based on the outcome of an event (Dekker, 2002). Further, the causes found in
accident investigations tend to reflect the underlying accident models used by the investigators,
known as the ‘What-You-Look-For-Is-What-You-Find’ principle (Lundberg et al., 2009). This
principle is followed by the ‘What-Y ou-Find-Is-What-You-Fix’ principle, where the identified
causes are turned into specific problems that can be resolved (Lundberg et al., 2009). Schroder-
Hinrichs et al. (2012) claim that there is a focus on causality in maritime accident investigations,
limiting the scope of the investigations to concrete causes and ignoring less obvious and
indirectly influencing factors. Furthermore, despite the fact that maritime accident
investigations are not meant to determine liability, Schroder-Hinrichs et al. (2011) argue that
the focus of accident investigation reports on unsafe acts ‘committed’ by the sharp end implies

fault, although not from a legal perspective.

3.8.Addressing the gaps

Overall, the literature review presented in this chapter found that ship bridge design issues have
been a topic of maritime researchers for decades. Further, the review reveals that while a
substantial amount of research on ship bridge design has been performed, the published research
does not fully explain why these efforts do not seem to be reflected in the maritime industry.

Knowledge about the end-users and context of use is central to the designing of a work
environment that accommodates work performance and safety. Several studies have described
how seafarers manage their work and how automation and design issues influence their
performance. Paper I and I complement and extend the research on how to understand and
describe the work on the bridge by applying the concept of sensemaking.

Accident investigations have been an important source of information for the maritime
industry and regulation development. Studies on maritime accident investigations have found
design issues as one of the contributing factors to maritime accidents. Paper III focuses
specifically on maritime accident investigation reports where design issues have been
addressed, adding the perspective of how these accidents are responded to in the form of the

investigation board’s safety recommendations and shipowner’s reported responses.
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There are a few studies that include the stakeholders involved in the ship bridge design
processes, but this research has mainly focused on the end-users, design methods, processes
and design solutions. However, design solutions are subjected to market forces, competition,
schedules, cost-effectiveness and other conflicting requirements from a variety of stakeholders.
There is limited research on how these structures and mechanisms in the maritime industry
influence usability in ship bridge design. Paper IV and V contribute to building knowledge on
how the perspectives of a broad set of stakeholders, including those involved in the certification,
procurement and implementation processes, influence the realisation of usability in ship bridge

design in the maritime industry.
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4. Theoretical framework and key concepts

While the previous chapter outlined previous relevant research on ship bridge design, this
chapter is forward looking, by presenting definitions and descriptions of the key concepts and
theoretical framework that forms the theoretical basis for the current study. Together these
concepts and theories can be seen as the lens through which the data collection and
interpretation, presented in subsequent chapters, is viewed. First, the terms design, human
factors and human element are defined and explained, followed by the term human error and
how it relates to central safety perspectives. Thereafter, human centred design and usability are

presented before the concepts of sensemaking and seamanship are described.

4.1.Design

Design is a term applied to a broad range of things, in everyday life it is often associated with
trendy products and beautiful forms that promote sales (Schneider, 2007). The term is both used
to describe the process of designing and the designed object — the resulting product, system, or
process. Within the design research discipline there is a diversity of ideas and methods gathered
under the design label (Buchanan, 1992). Thus, there are numerous definitions of design in the
research literature (Atwood et al., 2002; Ralph & Wand, 2009). Some of the well-known
definitions are rather high-level definitions which may be future oriented, for instance, “design
tells (shares) stories about the future” (Roesler et al., 2004). They may also be concerned with
changes that have value for people, as in design is “committed to transforming the world for
the benefit of human beings” (Schneider, 2007, p. 209), or design concerns devising “courses
of action aimed at changing existing situations into preferred ones” (Simon, 1969, p. 55). A
different focus is provided in the definition “design is making sense (of things)” (Krippendorf,
1989, p. 9), meaning that the designed products should be understandable or meaningful to
people. Design and development of products and systems for ship bridges must adhere to
regulations and customer requirements and the design processes are limited by factors like time
and cost. Hence maritime designers do not have an unlimited possibility to find a ‘preferred
situation’. A definition of design that may be more accurate for an industrial context is
suggested by Ralph and Wand (2009, p. 108): “a specification of an object, manifested by some
agent, intended to accomplish goals, in a particular environment, using a set of primitive

components, satisfying a set of requirements, subject to some constraints”.
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The design process is usually understood as the activities performed by the designer.
However, the overall ship bridge work environment, is the result of multiple activities,
companies and professionals involved at several stages of the design process. The ship bridge
design process can thus be expanded to involve the design activities undertaken by the naval
architects designing the ship, the equipment manufacturers designing the different pieces of
equipment, as well as the procurement and installation process where the different pieces of
equipment are combined to form the complete ship bridge work environment. In this thesis,
ship bridge design is used to describe the result of such a ship bridge design process and
includes the design of equipment, systems and overall layout of the bridge. The use of the
designed products and systems, including adaptations both o and of the technology, has been
described as a secondary design process (Carroll, 2004; Hovorka, 2010). The secondary design
process in the form of seafarers’ adaptive strategies has been described by several researchers
over the last decades (Bhardwaj, 2013; Liitzhoft, 2004; Wilkinson, 1971). Adaptive strategies
have also been described in other industries (Woods et al., 2010). For instance, in the operating
room, Cook and Woods (1996) observed both that practitioners adapted to a new computer
system, which they named system tailoring, and that practitioners adapted their behaviour to
work with the new system, which they named task tailoring.

As will be discussed in section 5.1, design research takes on different meanings.
Krippendorff (2012, p. 79) argues that “the viability of a design depends on its stakeholders’
conceptions, commitments and resources”, and that these are the issues which should be studied
in design research, in order to support design and inform design decisions. Stakeholders can be
defined as individuals, groups or organisations “who have an interest (stake) and the potential
to influence the actions and aims of an organization, project or policy direction” (Brugha &
Varvasovszky, 2000, p. 239). The stakeholders included in the current study have been chosen
due to their potential to influence usability in ship bridge design. This study has investigated
both different stakeholders’ interest in and perceived possibility to influence ship bridge design,

and the consequences that design decisions may have for the end-users.

4.2. Human error and safety perspectives

In the maritime context, the terms human error, human factors and human element have been
applied with different definitions and been used interchangeably (Oltedal & Liitzhoft, 2018;
Wrobel, 2021). Therefore, a clarification of all three concepts is warranted before the term

human error and how it relates to different safety perspectives are discussed. The understanding
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that maritime stakeholders have of human error and how it comes into being is important for
how stakeholders prioritise matters like design, and is therefore a central issue for the present

study.

Human factors (often used interchangeably with the term ergonomics) is a field that combines
numerous disciplines, such as psychology, sociology, engineering, biomechanics, industrial
design, physiology, anthropometry, interaction design, visual design, user experience, and user
interface design, so different definitions of human factors exist (Human Factors and
Ergonomics Society, 2022). The International Ergonomics Association (2021) defines human
factors as “the scientific discipline concerned with the understanding of interactions among
humans and other elements of a system, and the profession that applies theory, principles, data
and methods to design in order to optimize human well-being and overall system performance”.
Human factors in design is particularly focused on “the influence the design of technological
systems and the working environment has on the ability of people to behave and perform safely
and reliably without putting their health and safety at risk” (McLeod, 2015). Further, human
factors “takes into account physical, cognitive, sociotechnical, organizational, environmental
and other relevant factors, as well as the complex interactions between the human and other
humans, the environment, tools, products, equipment, and technology” (International
Ergonomics Association, 2021). Human factors is thus a broad and holistic approach, focusing
on the interaction between humans and other elements of a system, and the two related
outcomes human well-being and overall system performance.

With regard to the case at hand, seafaring comprises certain human factors issues that
are different from onshore workplaces, especially pertaining to the nature of seafaring working
conditions. The people working on a ship experience long-term separation from home, social
isolation, irregular work hours, high workload and environmental stressors like ship motion,
noise and vibrations. High levels of work stress and fatigue is a known risk factor in shipping

(Hetherington et al., 2006; Liitzhoft et al., 2011).

The human element is a term first addressed in a resolution adopted by the IMO in 1997 and

is important for how IMO addresses human factors. The IMO describes the human element as:

a complex multi-dimensional issue that affects maritime safety, security and marine

environmental protection involving the entire spectrum of human activities performed by ships'
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crews, shore-based management, regulatory bodies and others. All need to co-operate to address

human element issues effectively (International Maritime Organization, 2022c¢).

This is a rather broad definition, covering all activities performed by humans in the maritime

system. Further, the IMO states that human element issues are a shared responsibility:

The wide-ranging scope and importance of the human element makes it a shared responsibility
of IMO, as the regulatory body; Member States, as implementers; companies, as providers of
the necessary resources, safety policies and safety culture; and seafarers, as the individuals who

physically operate ships (Ibid).

The IMO regulatory addresses the human element through the STCW and the International
Safety Management (ISM) Code (Ibid).

Human error is often found to be the cause of or explanation for an accident (Woods et al.,
2010). Accidents in the shipping industry are no exception. For instance, Dhillon (2007, p. 91)
reports that around 80% of all accidents in the shipping industry “are rooted in human error”.
Likewise, Rothblum (2000) states that about 75-96% of marine casualties are caused by human
error. According to Read et al. (2021) human error as a simple causal explanation seems to be
preferred by both managers and by courts. There appears to be a fundamental human need to
assert blame after severe accidents, in order to restore public trust and a sense of control (Read
et al., 2021; Woods et al., 2010). The problem with deciding Auman error to be the cause of an
accident is that it only requires local responses, like procedures and training, as remedies. This
impedes investigating a broader set of factors that contribute to accidents, thereby hindering
learning on a broader systemic or organisational level (Dekker, 2017; Reason, 1997; Woods et
al., 2010).

Human error has been a central topic of safety research for several decades and builds
on various disciplines, such as cognitive psychology, engineering and systems thinking (Le
Coze, 2022). There are different perspectives on how to think about safety and how to
understand accidents and Auman error, thus different models and concepts of human error have
been developed. Reason (1990, 1997) applied a taxonomic approach to human error. He
defined human error as “a generic term to encompass all those occasions in which a planned
sequence of mental or physical activities fails to achieve its intended outcome” (Reason, 1990,

p. 9). Reason classified errors into two kinds of failures: 1) the failure of actions to go as planned
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or intended (slips and lapses) and 2) the failure of planned or intended actions to achieve their
desired outcome (mistakes). Reason (1990) argued that because human error takes a limited
number of forms, errors can be predicted as long as we can understand the factors that give rise
to them.

Reason (1997) described accidents as either individual or organisational. Individual
accidents are characterised by individuals being both the agent and victim of the accident. On
a ship, there are multiple possibilities for individual accidents, e.g., slipping, stumbling, falling,
being harmed by electricity and exposure to emission of gas. Organisational accidents are
“events that occur within complex modern technologies” and “have multiple causes involving
many people operating at different levels of their respective companies” (Reason, 1997, p. 1).
Navigational accidents, which is of interest in this thesis, fits into the category of organisational
accidents. A very effective model of how organisational accidents can happen is Reason’s Swiss
cheese model (Reason, 1997). The model builds on the idea that systems have a sharp end and
a blunt end. The sharp end is where people, or practitioners, directly interact with the hazardous
process, while the blunt end consists of administrators, regulators, planners, supervisors,
designers, technology suppliers etc., who control the resources, tools, technologies and impose
the constraints, incentives and demands that the people in the sharp end must manage (Woods
et al., 2010). In the Swiss cheese model, the various layers of defences or barriers in place to
protect against an accident, are portrayed as layers of Swiss cheese (Figure 3). Reason argues
that the existence of several barriers provides "defence in depth", meaning that several

independent barriers can stop unwanted incidents at different stages.

Hazard

Accident

Figure 3. The Swiss cheese model redrawn from Reason (1997).
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Barriers can be of a physical, procedural, or functional nature. The holes in the barriers,
visualised by the holes in the cheese, are due to active failures and latent conditions (Reason,
1997). Active failures involve errors made by people in the sharp end. Latent conditions, on the
other hand, can for example be poor design, maintenance failures, unworkable procedures, bad
management decisions or clumsy automation (Reason, 1997). Latent conditions, like poor
design, may lie dormant in the system over a long period of time before they combine with local
circumstances and active failures to penetrate all layers of defence. The holes in the barriers are
mobile and it is a rare occasion when a set of holes in the successive defences ‘line up’ to create
the possibility for an accident trajectory to penetrate all barriers. The latent conditions can
increase the likelihood of active failures, which is why Reason emphasised that sharp end
operators tend to be inheritors of system defects that arise from the blunt end of the system. The
Swiss cheese model has been important in illustrating that accidents have multiple causes on
several levels, as well as directing attention from the individuals in the frontline, to the blunt
end organisations and to the organisational contribution to the context that surrounds human
action at the sharp end (Dekker, 2019).

In parallel to Reason’s work, a strand of research with roots in cognitive systems
engineering developed what has been called the new view on human error (Le Coze, 2022).
This line of research is based on a systems perspective, where the system itself is the unit of
analysis and accidents are viewed as emergent properties of complex systems, as opposed to
linear cause and effect explanations (Dekker, 2019; Hollnagel et al., 2006). In this perspective,
human error is not an explanation for failure, but rather something that demands an explanation
(Dekker, 2002). Human error is seen as a symptom rather than a cause, and as a starting point
for further investigations into how a complex system comprising people, organisations and
technologies can have both successful and unsuccessful outcomes (Woods et al., 2010). One of
the basic premises within this perspective is that “‘[h]Juman error’ is an attribution after the fact”
(Woods et al., 2010, p. 19), meaning that it is a judgement made with the benefit of hindsight
about a series of events that ended with a bad outcome. The same human actions can be
judged differently if the outcome is regarded to be positive. Another basic premise is that
“[t]he design of artifacts affects the potential for erroneous actions and paths towards
disaster” (Woods et al., 2010, p. 29). It is argued that artifacts, like computerised devices,
shape people’s cognition and collaboration. Design induced errors may for example be
visible in the form of automation surprise or mode errors (Woods et al., 2010).

An influential system perspective on hAuman error and safety is resilience engineering

(RE), which builds on insights derived from other safety perspectives like High Reliability
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Organizations (HRO), control theory, Perrowian complexity and man-made disaster theory
(Woods et al., 2010). The RE perspective is about “the intrinsic ability of an organization
(system) to maintain or regain a dynamically stable state, which allows it to continue operations
after a major mishap and/or in the presence of a continuous stress” (Hollnagel et al., 2006, p.
16). RE provides a complementary view of safety, in which “[s]afety is not about the absence
of negatives; it is about the presence of capacities” (Dekker, 2019, p. 392). RE thus emphasises
the need to change focus from things that go wrong (also referred to as the Safety I perspective)
to the things that go right in an organisation, i.e., the presence of organisational factors leading
to safe performance and how we can understand and enhance these factors and capacities. The
Safety II perspective understands safety as the “system’s ability to succeed under varying
conditions” (Hollnagel et al., 2015, p. 4). Variability is a central concept in this perspective,
with the idea being that “safety lies in the capacity of people, teams, and organizations to make
things go right — even under varying circumstances” (Dekker, 2019, p. 392). It is the
performance variability and the ability of individuals to continuously adapt their everyday work
to situational changes that ensures that “everything goes right” (Hollnagel, 2014, p. 137). Rather
than regarding people as a liability, this perspective argues that they should be seen as an asset
that ensures the proper functioning of the modern technological systems like a ship’s bridge.
As maritime systems are becoming more complex, the Safety II perspective can be helpful as a
complementary perspective to Safety I, to maintain and enhance maritime safety (Schroder-
Hinrichs et al., 2016).

The RE literature also sheds light on the gap that exists between work-as-imagined and
work-as-done (Dekker, 2019; Hollnagel, 2014). When an organisation’s management is
planning and managing operations, or when designers develop equipment and tools for work,
the alignment with onboard work practices is largely based on work-as-imagined. 1t is
challenging to predict how work is actually done or going to be done by others that are in a
different time and place, often with incomplete information at hand. When work systems are
designed according to work-as-imagined, the actual work-as-done, may consist of informal
work systems and adaptations that are developed to manage local challenges. A gradually
increasing gap between how a system is designed and how it is operated is cause for concern

as it may be “an important ingredient in the drift into failure” (Dekker, 2006, p. 89).
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4.3.Human-centred design

The aim of optimising performance rather than merely focusing on the prevention of failure is
compatible with a human-centred design approach. Human-centred design (HCD) can be seen
as both a design philosophy and a procedure (Norman, 2013). User-centred design (UCD) is a
term sometimes used interchangeably with HCD, described by some authors as an overlapping
or similar design approach (Gulliksen et al., 2003), while others make a distinction between
them (Gasson, 2003; Tosi, 2020). In this thesis, HCD refers to design processes focusing on
user needs and system performance. The ISO standard 9241:210 defines and outlines how a
HCD process can be performed, as a process that “aims to make systems usable and useful by
focusing on the users, their needs and requirements, and applying human factors/ergonomics,
and usability knowledge and techniques” (International Organization for Standardization,
2010). Usability is in this standard defined as “extent to which a system, product or service can
be used by specified users to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” (International Organization for Standardization,
2010).

HCD is “based on an explicit understanding of users, tasks and environments”
(International Organization for Standardization, 2010), i.e., the users and the context of use. A
central principle is that users should be actively involved throughout the design and
development processes, and that design is driven by user-centred evaluation. HCD, as outlined

in the ISO standard 9241:210, is an iterative process that consists of four linked activities:

e understanding and specifying the context of use
e specifying the user requirements
e producing design solutions

e cvaluating the design

A range of human factors methods can be used within these four activities, as for example
outlined by Maguire (2001).

By focusing on the users and context of use, a HCD process may contribute to bridge
the gap between work-as-imagined by designers and work-as-done by end-users (ref. section
4.2). However, there has been tension between systems thinking and HCD (Luras, 2016). The
HCD approach has been criticised for not being able to address today’s challenges of complex
systems. On the other hand, systems thinking and the focus on system concepts may make it

difficult to maintain focus on the human user (Luras, 2016).
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While the ISO standard 9241:210 focuses on the users, Krippendorff (2006) argues that
HCD should also include an understanding of the network of stakeholders that may have
different and potentially conflicting interests in the technology under consideration.
Krippendorff (2006) points out that those who buy a technology may not be the ones using it,
a description which is highly relevant of ship bridge equipment. Before a product reaches its
intended user group, it may pass through the hands of many who use it for a variety of reasons,
like solving an engineering problem or making profits from increased sales, making it crucial
for human-centred designers to find ways to work with stakeholders to bring a design to

realisation (Krippendorff, 2006).

4.4. Sensemaking

An in-depth review of sensemaking is provided in Paper I of this thesis. The sensemaking
concept was central for the SMACS-project and has in this thesis been applied to describe and
understand seafarers’ work in collaboration with technology on the bridge. Sensemaking is a
concept that can help us understand the human quest for meaning and thereby human behaviour,
both in organisations and elsewhere (Weick, 1995; Weick et al., 2005). As a cognitive process
sensemaking has been described as consisting of three interrelated processes: creation,
interpretation and enactment (Sandberg & Tsoukas, 2015). The process of creation is about
noticing and extracting cues from our experience. Cues are a small portion of the available
information in our environment, they function as “seeds from which people develop a larger
sense of what may be occurring” (Weick, 1995, p. 50). The cues create an initial sense of the
situation. The initial sense is then interpreted into a more complete and narratively organised
sense of the situation, followed by the enactment process which involves acting on the sense
made. The actions may be vocabulary or physically and they may be part of gathering more
information about the situation at hand. Enactment creates a slightly different environment to
continue to make sense of (Maitlis & Christianson, 2014; Sandberg & Tsoukas, 2015). This
meaning-action process is an ongoing, continuous and elusive process. Sensemaking is not
about achieving a full comprehension of the situation at hand, rather it is about “continuing
redrafting of an emergent story” (Weick, 1995, p. 55). People only need a plausible explanation
or narrative sufficient to continue their activity. “To deal with ambiguity, interdependent people
search for meaning, settle for plausibility, and move on” (Weick et al., 2005, p. 419).
Sensemaking has been described as an active, conscious process triggered by issues,

events or situations that are ambiguous, interrupt people’s ongoing activity, or create
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uncertainty about how to act (Maitlis & Christianson, 2014). Immanent sensemaking is a form
of sensemaking that occurs when people are immersed in routine work without being
consciously aware of it, spontaneously responding to the situation as it develops (Sandberg &
Tsoukas, 2015).

In the sensemaking literature the factors emotions, embodied sensations, social context,
identity, technology and meaningfulness through work, has been found to influence
sensemaking (Danielsen, 2021). There are few research articles focusing on sensemaking and
technology, which is of interest in this thesis. One example is Weick’s description of the design
and the state of the methyl isocyanate plant control room in his analysis of the Bhopal disaster.
According to Weick (2010) the control room was a “combination of missing and misleading
cues” and “something of a nightmare for sensemaking” (Weick, 2010, p. 538). It was difficult
for the operators to understand what was happening as “[t]he control board had 75 dials, many
of which were not working [...]. There were corroded lines, malfunctioning valves, faulty
indicators, and missing control instruments” (Weick, 2010, p. 538). Research on sensemaking
during crisis or safety-critical situations has included a range of sectors (Danielsen, 2021). In
these situations, adaptive sensemaking has found to be most helpful (Maitlis & Sonenshein,
2010). Adaptive sensemaking means constantly gathering new information and revising
interpretations (Ibid.). Adaptive capacities are also central for resilience. The connection
between sensemaking and resilience has been made by several scholars, in the sense that
sensemaking creates resilience but also that sources of resilience help to make sense of the
situation (Kilskar et al., 2020).

Individual sensemaking occurs as an interplay with the environment. According to
Snook (2000), in hindsight, viewing human actions as a struggle to make sense rather than
decision-making makes way for a more complete account for all relevant factors contributing
to an accident, enabling an understanding that can go beyond the label human error.
Sensemaking promotes a view of humans as “good people struggling to make sense” rather

than “bad ones making poor decisions” (Snook, 2000, p. 207).

4.5.Seamanship

In the maritime sector, the professional culture amongst seafarers is expressed by the term
seamanship. Seamanship was also one key research issue in the SMACS project and has in this
study been applied to shed light on both seafarers’ and other stakeholders’ understanding and

expectations of the human-technology interaction on the ship’s bridge. Seamanship is a term
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without a specified definition and its meaning vary with different areas of use, whether in
textbooks, maritime regulations, accident investigations or in media. Good seamanship is for
instance used in Rule 8 of the IMO International Regulations for Preventing Collision at Sea:
“Any action to avoid collision shall be taken in accordance with the Rules of this Part and shall,
if the circumstances of the case admit, be positive, made in ample time and with due regard to
the observance of good seamanship” (International Maritime Organization, 1972). In this case,
good seamanship seems to describe how a certain situation should be handled. The rules should
be followed, but it is also expected that the navigator evaluate the situation, make proper
judgements and conduct adequate actions.

Amongst seafarers, good seamanship seems to be a normative positive word
characterising the skills and abilities that individuals have gained through practise. Knudsen
(2009) describe seamanship as “a blend of professional knowledge, professional pride, and
experience-based common sense”. Knudsen (2009) found that the term was used to express
how written rules and procedures could be seen as a devaluation of the seafarers’ competence.
According to (Lamvik et al., 2010) troubleshooting is necessary, expected and highly
appreciated aspect of seamanship. To be able to find solutions and make do with whatever you
have at hand is important when spare parts or other forms of help are miles or days away.

Antonsen (2009) conducted a survey in which seafarers were asked about the meaning
of good seamanship. The most frequent characteristic given was cooperation and the ability to
maintain social relations and community. These are characteristics that may be especially
important on board a ship where the seafarers live and work in a restricted physical and social
environment for several weeks or months. Several researchers (Knudsen, 2009; Lamvik, 2002;
Wahl & Kongsvik, 2018) have addressed the resemblance of the social system on board a ship
with what (Goffman, 1961) described as total institutions. Prisons, military organisations,
monasteries, boarding schools and mental hospitals are examples institutions in which a strong
alignment among the residents in terms of behaviour and world views can be found. Coming
back to Antonsen’s (2009) survey, the second most frequent characteristic of seamanship was
work performance, in this case referring to working safely and with high quality. Other
responses included individual properties, such as being independent, responsible and reliable
and competence, mainly referring to practical sailing experience.

In addition to the expected skills and abilities of a seafarer, seamanship is also used to
describe a more general attitude towards life (Lamvik, 2002). Good seamanship is closely
related to professional identity construction. Seamanship may be used to separate “real

seafarers” from “the others”. “The others” may be people on shore (landlubbers), employees in
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shipping companies, representatives from authorities or newly qualified seafarers without
sailing time (Antonsen & Bye, 2015).

Good seamanship today is probably different from what was seen as good seamanship
a few decades ago. Professional identity is of a highly dynamic and evolving nature and are
related to the introduction of new technology (Korica & Molloy, 2010). Kongsvik et al. (2020)
developed the concept distributed maritime capabilities to describe the changing role of the
individual seafarer when knowledge and competence is increasingly distributed to technology,

procedures and regulations.
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5. Methodology

The data that forms the basis of this thesis consists of interviews, observations, accident
investigation reports, as well as the literature discussed in Chapters 3 and 4. While the research
presented in this thesis is part of the PhD programme in Design, it has an interdisciplinary
approach. Thus, this Chapter describes the thesis methodology by first positioning it within
design research. Further, the Chapter outlines the research design and describe the methods
used for obtaining and analysing the data. The Chapter also includes information about the
authors background and research lens, as well as reflection on research ethics and scientific
quality.

This Chapter is a retrospective reconstruction (Coffey & Atkinson, 1996, p. 146), which
is often the case in methodology texts. The PhD research endeavour has not been a linear
process from start to finish, it has rather been of an abductive character, developing over time
by going back and forth between empirical data and theory to discover interesting research
topics and questions. In addition, dealing with unforeseen events and several changes of plans
has been educational on many levels. As Townsend and Burgess (2009) point out: to conduct

social research requires both flexibility and perseverance when real life hits your research plan.

5.1.Positioning the work within design research

Design research has often been separated into three types: research by/through design, research
for design or research into/about design. While there are several definitions and nuances of

these terms in the literature, three common definitions are provided in the following:

e Research by/through design can be understood as a research approach in which design
practice is at the centre of the research. Knowledge is generated through designing
artefacts, models, prototypes etc. and validating them to answer the research questions.
In this sense, it is a form of action research (Schneider, 2007).

e Research for design is research conducted as part of a design project, to ensure that the
design project is properly informed (Findeli et al., 2008). This kind of research does not
necessarily generate new knowledge according to scientific standards.

e Research into/about design is research about design objects, design processes, design
actors and stakeholders. It could also be about the meaning and significance of design
for society, business, culture, etc. (Findeli et al., 2008). This type of design research

increases the understanding of design from an outsider perspective (Sevaldson, 2010).
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The research presented in this thesis is research about design, meaning that this study is
investigating design from an outsider’s point of view, not as a designer or through design
practice. By studying ship bridge design from the perspectives of different maritime
stakeholders, the thesis contributes to building knowledge about factors that influence ship

bridge design within the maritime industry.

5.2.The author’s research lens

In qualitative research, the researcher serves as the main research instrument for both collecting
and analysing the data (Yin, 2016). Aspects like the researcher’s academic and cultural
background, personal preferences and fundamental assumptions and beliefs about how the
world is perceived, will influence the researcher and thus the research process. One way to
address this issue is by seeking to make the research lens as explicit as possible (Yin, 2016). In
this section, the author’s research lens is addressed through a short description of my
professional background leading up to pursuing this PhD, as well as a discussion on my
ontological and epistemological positioning. This section will thus also serve to enhance the
transparency of the research process.

My interest in human factors and design originates from several years of working with
research and development within the space sector. A significant part of this work concerned
remote monitoring and control of experiments on board the International Space Station from a
ground control room in Trondheim. I had several roles within this project, where some of the
most interesting ones included working as a control room operator, training manager for the
control room operators and project manager for designing and building a new control room.
These roles gave me first-hand experience of working in a technology-dense environment,
being completely dependent on technology to perform the tasks at hand. It also gave me the
opportunity to reflect on what kind of prerequisites are necessary for the performance of the
control room team, both concerning training and design. This led me in the direction of the
human factors discipline and the topic of human-centred design.

Due to limited research experience with the maritime sector prior to this PhD work, the
first part of the PhD period had an exploratory character where the focus was on familiarisation
with the ship bridge as a workplace, the maritime actors and the structure of the maritime sector
(see also section 1.2 Evolution of the research). Not being familiar with the field of research
(Hockey, 1993) may be positive in the sense that the research is done with an open mind and

without preconceptions about the particular context that may influence analysis and
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interpretations. On the other hand, there may be information during interviews and observations
that the researcher does not understand or even notice due to a lack of in-depth understanding
of the context. In my case, I sought to mitigate this by reading and being prepared for the data

collection and by asking questions along the way if something was unclear.

5.2.1. The philosophical dimensions

Ontology is the philosophical study of reality and of what exists. The question of ontology in
social research primarily has to do with how social entities are understood. This has traditionally
been seen as a matter of positivism (also referred to as ‘objectivism’) versus constructivism
(Bryman, 2016; Grix, 2002; Yin, 2016). Positivism is typically associated with the natural
sciences and assumes a singular or objective reality, where social phenomena have an existence
independent of social actors (Bryman, 2016; Wahyuni, 2012). On the other hand,
constructivism is a worldview assuming multiple realities depending on the perspective of the
observer. Social phenomena are in this view asserted as something continually constructed by
social actors (Bryman, 2016; Wahyuni, 2012). Over time, the existence of a continuum of
worldviews between these two extremes has manifested (Yin, 2016). A researcher can assume
a worldview in the middle ground, a pragmatist view (Wahyuni, 2012; Yin, 2016). In
pragmatism, the starting point is the research question which guides the choice of research
framework. Pragmatism allows for a mixture of ontology and epistemology to be utilised to
address the research questions and to understand social phenomena (Wahyuni, 2012). As my
educational background is from the natural sciences, I regard my research lens to be situated
within a pragmatist worldview. However, the work within this thesis is leaning towards the
constructivism side of the worldview continuum. The research focus is on the different
perspectives of people in the maritime industry, which resonates with constructivism. Also,
Weick’s sensemaking concept, which is central in the first two papers included in the thesis,
developed towards a social constructivist perspective over the years (Sandberg & Tsoukas,
2015).

The researcher’s worldview establishes the epistemological position, i.e., what can be
known about social reality and the possible ways to gain acceptable knowledge (Grix, 2002).
The two contrasting epistemological positions are positivism and interpretivism (Bryman, 2016;
Grix, 2002). While positivism advocates using natural science methods to study social reality,
interpretivism sees social phenomena as fundamentally different from the objects studied by

the natural sciences, hence requiring a research strategy that can grasp subjective meanings and
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perspectives (Bryman, 2016; Grix, 2002). Within pragmatism, both observable phenomena and
subjective meanings can provide acceptable knowledge, and thus both quantitative and
qualitative methods can be used (Wahyuni, 2012). This thesis has an overall qualitative
approach that “works with words and not with numbers” (Kvale, 1996, p. 32). However, the
thesis also includes instances of using numbers to understand the data, e.g., in Paper III, in

which both qualitative and quantitative analysis jointly contribute to the findings.

5.3.Research design

Research design is “the logical sequence that connects the empirical data to a study’s initial
research questions and, ultimately, to its conclusions” (Yin, 2018). This thesis builds on case
studies, defined by Yin (2018) as a study that “investigates a contemporary phenomenon (the
“case”) in depth and within its real-world context”, where the phenomenon in this thesis is ship
bridge design. According to Yin (2018), case studies are especially relevant when the research
questions are ‘how’ or ‘why’ questions, the researcher has little or no control over the
behavioural events and the boundaries between the phenomenon and the context may not be
clear. Case studies can deal with a variety of data (Yin, 2018), which in this study includes data
derived from interviews, observations and documents. This particular case study analysis aims
at “explanation building” (Yin, 2018, p. 179) through investigating the phenomenon ship bridge

design from different maritime actors’ perspectives (Figure 4).

48



SHIP BRIDGE DESIGN

Paper |l Paper lll Paper IV Paper V
Seafarers Accident investigation boards Seafarers Seafarers
Shipowners Shipowners Shipowners
Equipment manufacturars Equipment manufacturers
Shipyard
Classification societies
Flag state

Insurance companias

Figure 4. The phenomenon ‘ship bridge design’ is in this thesis investigated from different perspectives through four empirical
papers.

The approach of generating knowledge about stakeholders’ behaviour, attributes, inter-
relations, interest and influence on a particular process or decision-making is known from the
stakeholder research tradition (Brugha & Varvasovszky, 2000; Elias et al., 2002; Parmar et al.,
2010; Trevino & Weaver, 1999; Wood et al., 2021). This knowledge can be used to develop
strategies for managing stakeholders of projects or organisations in order to facilitate the
implementation of specific decisions or organisational objectives (Brugha & Varvasovszky,
2000). In this thesis, the knowledge generated from the different stakeholder groups pertained
to their perceived influence and interest in usability in ship bridge design, with the aim of

shedding light on existing factors that may impede the progress in usability.

5.4.Data collection

This section describes the thesis data collection methods and how they were applied, including
description of the data sample and how access was obtained. During the course of the PhD
period, I performed interviews and more informal talks with 60 persons with different roles in
the maritime sector. Although all these individuals contributed to my understanding of the topic
at hand, they were not all included in the scientific papers that constitute this thesis. Table 2

presents an overview of the informants and in which paper this data was included.

49



Table 2. Overview of informants and the papers in which they were included.

Stakeholder groups Job titles Paper
21 Seafarers Deck Officer/Captain Paper I, IV and V

Shipowners: 5 representatives | Head of HSEQS & Human Factors/ Electro | Paper IV and V

from 5 companies Automation  Engineer/Marine  and ~ HSEQ

Manager/Vice President Newbuilding/ Senior

Marine Advisor

Equipment manufacturers: 5 | Vice President R&D/Senior Designer/ Principal | Paper IV and V
representatives from 3 companies | Engineer HF and Maritime HMI/ Service Engineer

and Project Manager/Salesperson

Classification societies: 4 | Head of Section/HF Consultant Paper V

representatives from 2 companies

Flag state: 3 representatives from | Senior Engineer/Senior Advisor Paper V

1 Flag state

Marine insurance: 3 | Senior Loss Prevention Executive/ Loss Prevention | Paper V

representatives from 2 companies | Director/Vice President

Shipyard: 1 representative from 1 | Naval Architect Paper V

company

In total 42 informants

5.4.1. Observations

Fieldwork in the form of five ship visits was performed in 2018 and 2019. I was given the
opportunity to sail with two offshore supply vessels (OSV) that both had a rather new integrated
ship bridge installed (referred to as the HCD Case in paper 1V). The vessels were owned by a
Norwegian company and built in, respectively, 2014 and 2016. Both vessels had four
Norwegian deck officers onboard, who all participated in the study. Both vessels were built and
operated by the same shipowner. The initial contact with the shipowner was done via an
equipment manufacturer company supporting the SMACS project. The visits lasted four and
five days and were performed in September 2018 and January 2019. Both OSVs were sailing
on the Norwegian Continental Shelf and supplied several oil installations during my visit. I
spent most of my time on the ship bridge, but also visited other parts of the ship, like the engine
control room. I interacted with the crew during meals and observed safety training.

On the bridge, I took care not to disturb the officers while they were working. I would

passively observe their work during high workload periods, e.g., while approaching an oil

8 HSEQ: Health, safety, environment and quality
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installation. When deemed possible, I interacted with them and asked questions about what they
were doing, things I had observed and about the ship bridge equipment. Although my main
interest was trying to understand how they were collaborating with the ship bridge technology,
I got insight into other issues, like their view of the industry in general, and other actors, as well
as more personal matters such as life as a seafarer and being away from their families for several
weeks.

The method was ethnographic in the sense of being with a group for an extended period
of time, observing behaviour, listening to conversations and asking questions (Bryman, 2016).
At first, I brought my notebook to the bridge with the intention to write notes throughout the
day. However, I soon figured that this brought attention both to me and to the fact that the crew
was being observed, e.g., some of them would ask questions about what I was writing. Thus, I
decided to rather take notes when I withdrew to my cabin. The disadvantage of this was the
need to trust my memory, but the advantage was that the crew seemed to speak and behave
more freely around me. On both trips, there were storms and high waves, which gave me first-
hand experience of how tiring it is when everything is continuously moving, making it
impossible to sleep or move around without holding onto something. With no previous
experience from research in the maritime industry, this fieldwork was highly valuable for
gaining insight into working and living at sea, or the context of use which is central when
designing for usability.

Together with project member Gunnar Lamvik, I performed three additional short visits
on board three Norwegian passenger ships in September and December 2018. The access was
obtained by contacting the deck officers directly. The ships were built in 1983, 1993 and 1996,
respectively, and had retrofitted ship bridges. Each visit lasted for about one hour, while the
ships were docked. This allowed us to do semi-structured interviews with two Norwegian deck
officers onboard each ship, while they gave us a tour around the bridge and demonstrated bridge

equipment or features that exemplified the issues they raised.

5.4.2. Interviews

Qualitative interviews have been the main method for data collection in my research as this
type of interview “attempts to understand the world from the subjects’ point of view, to unfold
the meaning of peoples’ experiences” (Kvale, 1996, p. 1). The articles included in the thesis are
based on semi-structured interviews with 42 informants. Three of these interviews were

performed together with SMACS project manager Stig Ole Johnsen and six interviews were
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performed together with project member Gunnar Lamvik. The interviews were semi-structured
(Kvale, 1996) and open-ended, focusing on the informants’ experiences and opinions, and
allowing informants to talk freely about different aspects of the topics we introduced. We would
also follow up on relevant topics raised by the interviewees with additional questions. The
interview data consisted written notes and audio recordings. The audio recorded interviews
were all transcribed verbatim by me.

As described in section 1.2, the research initially focused on how ship bridge design
accommodates seafarers’ work. Interviews with seafarers were performed by visiting ships (see
section 5.4.1) as well as interviews on shore, including a focus group interview (see section
5.4.3). The included seafarers were working on passenger ships, high-speed coastal vessels and
offshore supply vessels. During ship visits, the interviews were supplemented with seafarers
showing the available bridge equipment and explaining its use. We asked questions about how
the bridge equipment supported their work tasks, preferred features and interactions, influence
in design or procurement processes, their thoughts about technological developments in ship
bridge equipment, as well as how they understood the notion of seamanship and how it relates
to design of technology. By applying a sequential sampling approach (Bryman, 2016, p. 410),
the scope first expanded to equipment manufacturers and the design process, then further to
shipowners (with fleets consisting of bulk-carriers, oil- and gas-tankers, cruise ships, offshore
support vessels), a flag state, class societies, a shipyard and insurers.

The majority of informants were Norwegians employed in Norwegian companies.
However, three informants were from the United Kingdom, with experience from British
companies and one also with experience from the United Arab Emirates. One Norwegian
shipowner company informant was employed in the company’s office in Singapore, illustrating
the international character of the shipping industry. These stakeholder groups were asked about
how their job related to ship bridge design and development processes, their interest in and
influence on ship bridge design, how they related to other ship bridge design stakeholders and
their understanding of the need and the responsibility for usability in ship bridge design.

The informants were either contacted directly, or through snowballing in which
interviewees suggested or put me in contact with other potential informants. Apart from the
seafarer group, most of the interviews were performed using a video conferencing tool. This
was initially done for practical and financial reasons, e.g., when the informants were located
abroad. From March 2020, the COVID-19 pandemic gave me no other choice. There was also

a change in that many informants were forced to work from home during this period. The home-
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office situation was an obvious topic for the initial small talk and as such gave a good
opportunity for entering the interview (Yin, 2016, p. 147).

Kvale (1996) emphasises that an interview is literally an inter view, where knowledge
is constructed through the interaction between the interviewer and the interviewee. Using other
means than face-to face interviews may potentially affect the interaction between interviewer
and interviewee in terms of how natural the interaction is and the possibility for monitoring
responses other than spoken words (Irvine et al., 2012) However, as video conferencing tools
also affords the ability to pick up on non-verbal cues, I found the interaction with the informants
via video conferencing had a similar quality to face-to-face interviews, in line with the findings

of Nehls et al. (2015).

5.4.3. Focus group interview

In November 2019, a focus group interview with six Norwegian high-speed coastal vessel deck
officers was performed together with project member Gunnar Lamvik. A focus group interview
is a group interview, usually with more than four participants, which is focused in the sense that
a specific theme or topic is explored and the group of interviewees have a certain experience in
common (Bryman, 2016). Smithson (2000) defines it as a controlled group discussion.
Opinions and meanings from the focus group can be seen as collectively constructed within the
social situation rather than as something the individual participants bring to the table (Bryman,
2016; Smithson, 2000).

The focus group interview was arranged by contacting a lecturer at a Norwegian
maritime education facility. The six deck officers were participating in a course, and we were
given the opportunity to do the interview between lectures. The two course lecturers were also
present during the interview. The lecturers took the role as passive observers but did participate
with some comments near the end of the interview. The interview lasted for one hour and the
session was audio recorded and later transcribed by me.

One of the advantages of using focus groups is that the individuals discuss and challenge
each other’s views. This means that the participants are forced to think and possibly revise their
views, which may lead to more realistic accounts of what people think than is the case in one-
to-one interviews (Bryman, 2016). We introduced the topics with open-ended questions
supported by photos from our previous fieldwork. The photos were effective as means to
introduce the topics and in stimulating the interviewees to remember situations and examples

from their own seafaring experience. The group discussed the topics amongst themselves, and

53



we asked follow-up questions, either when issues came up that we did not understand or when
there were topics that we wanted them to elaborate on further. When the discussion around one
topic naturally ended, we introduced a new topic. The two main themes introduced in the focus
group interview were seamanship and usability in ship bridge design. The focus group
discussed their take on the notion of seamanship, ship bridge design development over the last
decades, typical design issues, seafarers’ adaptations and seafarers’ possibility for influencing
ship bridge design. We also used the focus group for respondent validation by presenting some
of our preliminary analysis that the officers commented on (see also section 5.7).

A limitation of the focus group interview method is the possibility of group effects,
which may lead to only socially acceptable opinions to emerge or that some participants
dominate the discussion while others are reticent (Bryman, 2016; Smithson, 2000). While it is
difficult to know the extent to which group effects influenced our interviewees, our observation
was that the discussions were fluid and, although some participants spoke less than others, all

interviewees contributed to the discussions.

5.4.4. Accident investigation reports

The accident investigation reports for the study undertaken in Paper III were obtained by
searching the publicly available reports issued by the Accident Investigation Board Norway
(AIBN), the German Federal Bureau of Maritime Casualty Investigation (BSU), the Danish
Maritime Accident Investigation Board (DMAIB) and the UK Marine Accident Investigation
Branch (MAIB). These countries have the largest merchant fleet in North and West Europe by
country of beneficial ownership (UNCTAD, 2022). I selected investigation reports that had
identified design issues as contributing factors to the accidents. The search was limited to
accidents involving merchant ships occurring in the period 2010-2020, to get an impression of
whether ship bridge design is a current issue. The search resulted in 28 accident reports, four
issued by AIBN, six by BSU, five by DMAIB and 13 by MAIB. The reports constituted 16
groundings, three allisions® and nine collisions. The reports were coded by me, and the three
main themes of interest were the reported design issues, the safety recommendations by the

investigation board and the shipowner’s response.

9 Allision occurs when a vessel strikes a stationary object
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5.5.Data analysis

This section describes the process of analysing the obtained data. Although data analysis is
described separately in this section, data analysis is part of the overall qualitative research
process in a “constant interaction among research design, data collection, and data analysis”
(Coffey & Atkinson, 1996, p. 193). The analysis of the interview and observation data was
performed jointly, while the document analysis was a separate activity, which is reflected in the

following sections.

5.5.1. Analysis of interviews and observations

The data consisted of field notes from the observations and transcribed audio recorded
interviews. I initially approached the data by following the guide of thematic analysis provided

by Braun and Clark (2008, p. 87):

1. Familiarising yourself with your data

2. Generating initial codes

3. Searching for themes

4. Reviewing themes

5. Defining and naming themes
6. Producing the report

The first phase, which involves familiarisation with the data, started during data collection and
transcription, and continued by reading the material several times. Phase 2 of generating the
initial open codes (Yin, 2016, p. 196) were done by using NVivo. These codes were generated
by selecting segments of the data that appeared interesting with regard to the research
question(s). Following Braun and Clark, these codes were close to the original data and
sometimes included words or phrases from the original data. Phases 3 — 5 were a particularly
iterative part of the process, where the initial codes were grouped and regrouped into themes,
which (Braun & Clark, 2008, p. 82) define as something that “captures something important
about the data in relation to the research question”. At this point the analysis was done by the
help of tables in Microsoft Word. Phase 6, the writing process, is also an analytical task (Braun
& Clark, 2008; Coffey & Atkinson, 1996). The process of representing the findings through
writing often resulted in discarding initial ideas and developing new ones. This made it
necessary to repeat previous phases in the thematic analyses process, much in accordance with

Braun and Clark’s description of the process. The first thematic analysis of the data collected
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from seafarers was the basis for paper Il concerning how seafarers manage and adapt to their
work environment. The analysis also identified themes that were further developed through
collecting data from two additional stakeholder groups, equipment manufacturers and
shipowners, and the data was revisited and re-analysed, resulting in paper IV. The last round of
data collection and analysis that was the basis for paper V, was targeted towards the developed

themes of stakeholders’ perceived influence and interest in ship bridge design.

5.5.2. Document analysis

Documents are not merely representations of a social reality, but can be seen as a level of social
reality in their own right (Bowen, 2009; Bryman, 2016). Hence, documents should be examined
in terms of what they are supposed to accomplish (Bowen, 2009). Accident investigations are
initiated to determine the accidents’ circumstances and causes, in order to learn from what
happened and prevent future accidents and incidents. The findings in accident investigations
reflect the underlying accident models used by the investigators (Lundberg et al., 2009). The
study of accident investigation reports thus contributes to the research question of how different
actors in maritime industry understand the work and human-technology interaction on the
bridge.

The analysis of the accident investigation reports may be described as qualitative
content analysis (Bryman, 2016). The three main categories of interest were decided before the
analysis began: the reported design issues, the safety recommendations by the investigation
board and the shipowners’ response. These categories were identified in each investigation
report and grouped according to themes. The safety recommendations and actions were then
compared to the identified design issues, in order to interpret the underlying understanding of
human-technology interaction on the bridge and the provided potential for learning and
improvement of ship bridge design. As the investigation reports are produced for another
purpose than research (Bowen, 2009), they often lacked detailed descriptions of the design or
the human-technology interaction, which limited the possibility for in-depth analysis (se also

section 3.6).

5.6.Research ethics

In general, ethical considerations should be part of all stages of the research process (Kvale,

1996). I was aware that having a researcher present to do observations or interviews may feel
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intrusive or disruptive for the participants (Tjora, 2018). It is an important ethical principle that
the applied research methods do not harm or make the participants uncomfortable (Tjora, 2018).
My questions did not concern personal or private matters, rather topics that the informants were
interested in, making them eager to share their opinions and experiences.

The research project was reported to the Norwegian Centre for Research Data. All
interviewees were informed about the topics of the project and that participation was voluntary.
The use of audio recording was done with permission from the informants. The informants were
also informed about their possibility to withdraw from the study at any time, without providing
any explanation. Informed consent was signed by the informants I met physically, while the
informants interviewed via Teams were provided the informed consent by e-mail and confirmed
that they had received and understood the content at the beginning of the interview. The
interview and observation data as well as transcripts were anonymised, and the data storage

location was only accessible by me.

5.7.Scientific quality

Reliability and validity are important criteria for evaluating quantitative research but are also
used for evaluating qualitative research. However, it has been argued that reliability and validity
presuppose that there are absolute truths about the social world to be uncovered by the
researcher (Bryman, 2016). The view that there can be several accounts of the social world
(Lincoln & Guba, 1986) and that “we produce versions of the social world through our data
collection and our process of analysis” (Coffey & Atkinson, 1996, p. 15) warrants alternative
quality criteria for qualitative research (Bryman, 2016). Lincoln and Guba (1986) propose to
assess qualitative studies in accordance with the principles of trustworthiness and authenticity.

Trustworthiness includes four sub-criteria (Bryman, 2016):

1) credibility (which parallels internal validity),

2) transferability (which parallels external validity),
3) dependability (which parallels reliability), and

4) confirmability (which parallels objectivity).

Credibility concerns the feasibility or credibility of the account of the social world at which the
researcher has arrived (Bryman, 2016). To establish the credibility of the findings, I applied

various measures based on the suggestions of Lincoln and Guba (1986). The fieldwork,
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interviews and informal conversations with various stakeholders in the maritime industry
ensured prolonged engagement with the phenomenon in the field. Peer debriefing was obtained
through discussions with supervisors and fellow researchers throughout the project period.
While transcripts of audio recorded material and the initial coding was performed only by me,
the collaboration and supervision by fellow researchers and supervisors in data collection,
analysis and writing of publications strengthened the credibility of the findings. In addition,
informal testing of information was performed continuously during interviews, by discussing
observations or information obtained from previous interviews and observations. Lincoln and
Guba (1986) also recommend triangulation, a principle that “pertains to the goal of seeking at
least three ways of verifying or corroborating a procedure, piece of data, or finding” (Yin, 2016,
p. 87). Triangulation can be achieved by applying multiple data sources, having several
investigators working on the study, applying multiple theoretical perspectives or using multiple
methods. However, Coffey and Atkinson (1996) oppose the idea of triangulation as it implies
that findings from different methods and sources can be summed up to produce a single, valid
representation of the social world. The multiple data sources, methods and theoretical
perspectives applied in this study have not aimed at triangulating specific pieces of data or
specific findings, but rather to build knowledge of different maritime actors’ perspectives that

may explain the persistent existence of suboptimal usability in ship bridge design.

Transferability concerns whether the findings can be applicable or generalisable to other
contexts (Bryman, 2016). The data sample in this study was limited to the stakeholders that
seemed most relevant with regard to their influence on ship bridge design. A potential weakness
is that the number of informants from each stakeholder group is limited. However, the richness
of the data collected has allowed for an analysis that identified interesting patterns across the
stakeholder groups, which may be relevant for the maritime industry in general, but also other
contexts. Most of the informants are Norwegian and the findings may first and foremost reflect
a situation specific for the Norwegian and/or European maritime sector. The conclusions drawn
may still have broad relevance, as the maritime stakeholders operate, compete and are regulated
internationally.

As qualitative research tends to be context specific, thick descriptions of the data and
context are necessary to provide others the possibility to make judgements about transferability
(Lincoln & Guba, 1986). The description of the research context, data sources and the findings
provided in this thesis aim to provide others a basis for judging the potential transferability. Yin

(2018) emphasises that generalisation from case studies can be in the form of analytic
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generalisations, which is a conceptual level higher than the specific case. The theoretical
framework described in Chapter 4 may strengthen the transferability of findings across

contexts.

Dependability, which parallels reliability in quantitative research, can be established by
adopting an auditing approach, where complete records are kept of all phases of the research
process and made accessible for auditing by others (Bryman, 2016; Lincoln & Guba, 1986).
The research process here has been made available for auditing through this thesis, with
thorough descriptions of background, context, aim, research design, methods, findings and
conclusions. Records of the research process and empirical material have been kept throughout
the study period. In addition to myself, my supervisors are familiar with the complete empirical
material and developments made throughout the research process. In addition, co-authors and
the peer review process for scientific publications have ensured auditing of the findings and

interpretations.

Confirmability concerns whether the researcher can show that they have acted in good faith and
not allowed personal values or theoretical preferences to unjustifiably influence the research
process (Bryman, 2016). Confirmability can also be judged through auditing by others (Lincoln
& Guba, 1986) and, as described for dependability, the credibility of this study can be judged
based on the description of the research process provided in this thesis. The possible biases I

have as a researcher have been discussed in section 5.2.

Authenticity

The authenticity criterion concerns the broader political impact of the research, but has typically
not been applied in the assessment of qualitative studies (Bryman, 2016). As part of
authenticity, the fairness criterion concerns whether the research fairly represents different
viewpoints in the social setting (Lincoln & Guba, 1986). Different viewpoints have been at the
core of this research, as the viewpoint of multiple stakeholders in the maritime industry has
been investigated in the different papers. Yin (2016) refers to authenticity as the soundness of
the data sources — whether the informants have made accurate representations of themselves
and whether documents have been produced under knowable circumstances. As a researcher,
one cannot be sure whether the informants are telling the truth or adjusting their accounts to
what they think the researcher is interested in, or what others, like company management, would

like to hear. I have no reason to suspect that this was the case with my informants, much due to
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the nature of the topic at hand. They were informed about what the data was going to be used
for and that it would be anonymised and treated according to data protection legislation. My
impression was that they spoke freely about their experiences and opinions. The examined
accident investigation reports are official documents and regarded as being produced under

knowable circumstances.
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6. Results — Presentation of papers

This chapter presents synopses of the papers included in this thesis: one book chapter, two
conference papers and two journal papers. The complete texts are attached in Appendix I. This
summary is provided to give an overview of the content and the findings from each paper before
the findings are discussed in Chapter 7. All papers contribute to shed light on the main research
question: Why is usability in ship bridge design a persistent problem in the maritime industry
and how can usability in ship bridge design be improved? An overview of which sub-questions
the papers mainly contribute to is provided in Table 3. A list of the additional papers written

during the PhD period is presented at the end of this chapter.

Table 3. An overview of the papers included in the thesis and which research questions they contribute to.

No | Title RQI | RQ2 [RQ3

I | Making sense of sensemaking in high-risk organizations

IT | Still unresolved after all these years: Human-technology
interaction in the maritime domain

IIT | The contribution of ship bridge design to maritime accidents

IV | “Seafarers should be navigating by the stars”: Barriers to
usability in ship bridge design

V | Somebody else’s problem? Usability in ship bridge design
seen from the perspective of different maritime actors

6.1.Paper |

Danielsen, B.-E. (2021). Making sense of sensemaking in high-risk organizations. In S. O.
Johnsen & T. Porathe (Eds.), Sensemaking in safety-critical and complex situations: Human

Factors and Design. CRC Press. https://doi.org/10.1201/9781003003816

This chapter was part of the book Sensemaking in safety critical and complex situations: Human
factors and design, which was a SMACS project deliverable. Sensemaking is a central concept
in this book and my chapter served as an introduction to the sensemaking concept through a
review of sensemaking literature. The basis for the chapter was the work of Weick (1995) and
subsequent related research and literature reviews (e.g., Maitlis & Christianson, 2014; Sandberg

& Tsoukas, 2015). Weick (1995) describes sensemaking as an active process - people do not
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passively perceive and interpret situations, they actively play a role in constructing the
situations of which they are trying to make sense. The sensemaking perspective effectively
illustrates how people do not perceive everything in the surrounding environment, but rather
pick up cues from which they develop a larger sense of the situation they are in. The chapter
introduced the following definition of sensemaking which served as the basis for the SMACS

project (Maitlis & Christianson, 2014, p. 67):

a process, prompted by violated expectations, that involves attending to and bracketing cues in
the environment, creating intersubjective meaning through cycles of interpretation and action,

and thereby enacting a more ordered environment from which further cues can be drawn

This definition reflects the sensemaking research which has mainly been confined to study
episodes where an activity has been interrupted. Sandberg and Tsoukas (2015) introduced
immanent sensemaking to describe sensemaking during routine work, where people are not
consciously aware of how they respond to situations as they develop. This chapter gives an
overview of the main factors that have been identified in previous research as influencing
sensemaking: expectations, emotions, embodied sensations, social context, identity, technology
and meaningfulness through work.

How design of technology relates to sensemaking in organisations was a core interest in
the SMACS project. However, relatively few studies investigating this issue was found.
Previous research on sensemaking and technology has focused on how organisational
sensemaking is influenced by the medium of communication in which people in organisations
interact, or how the introduction of new technology triggers sensemaking about the technology
itself or sensemaking related to professional identity. Sensemaking as it unfolds during safety-
critical situations has been studied in a range of sectors and two central themes have been found
as central for sensemaking in these circumstances: shared meanings and emotions (Maitlis &
Sonenshein, 2010). Maitlis and Sonenshein (2010) argue that adaptive sensemaking is most
useful in safety-critical situations. They argue that as situations continuously evolve and
change, new information must be gathered, and interpretations must be continuously revised.

The sensemaking perspective can help accident analysis to emphasise the context and
system-level by changing the focus from why individuals made the wrong decision to why it
made sense at the time to do what they did. Sensemaking can complement our understanding
of human behaviour developed from other concepts, such as situation awareness and decision-

making, and can as such provide useful knowledge to future design of safety-critical systems.
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6.2.Paper ll

Danielsen, B.-E., Liitzhoft, M., & Porathe, T. (2021). Still unresolved after all these years:
Human-technology interaction in the maritime domain. In: Stanton, N. (eds), Advances in
Human Aspects of Transportation. International Conference on Applied Human Factors and

Ergonomics 2021. Vol. 270, 463-470. Springer. https://doi.org/10.1007/978-3-030-80012-3 53

This paper is about the seafarers’ experience and perspectives on ship bridge design. The
theoretical foundation for the study was sensemaking and seamanship, both concepts being part
of the SMACS project research agenda. The data was collected during field trips on board five
ships, where observation and interviews were performed. The study also includes interviews
with seafarers on shore, in total 21 seafarers.

The seafarers in this study described seamanship in line with previous research,
emphasising the importance of sailing experience and using one’s own good judgement. An
interesting finding was that seafarers described seamanship as being essential for sensemaking.
For instance, the informants explained using seamanship to sort out the important information
from the abundance of information available on the bridge. Seamanship was also described as
important for being able to recognise the specificity of the situation, whether or not you are in
a situation where “alarm bells should be going off in your head” (seafarer quote).

The paper outlines many examples of design issues that were observed during the field
studies on board the three older ship bridges: lacking the possibility to dim screens and other
lights, cluttered consoles with little grouping of functions, an abundance of buttons (many not
functioning), buttons and levers being small and cumbersome to work and many alarms having
similar sounds. Furthermore, there were issues such as poorly functioning touch screens,
lengthy menus to navigate through and screens with information that the seafarers found
unnecessary. We also observed officers climbing on consoles to reach equipment.

The paper also describes the many examples of adaptations of design observed
alongside the design issues on these ships. Adaptations included self-made covers for dimming
screens, partly covering screens to cover unnecessary functions, covers over non-functioning
buttons, pallets to stand on, lengthening of levers and written notes, as well as the instalment of
a computer mouse to be able to use screens from the main working position. Similar design
issues and adaptations of design was also described by the informants interviewed on shore.
The paper argues that it is reasonable to assume that when things cannot be physically adapted

to function better, this can lead to new and possibly suboptimal ways of working. One of the
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informants expressed this sentiment as: “adapting to the system is seamanship in practice”.
Seafarers adapting their work to the system is referred to as adaptation to design, which is a
more tacit and invisible response than adaptation of design.

Being excellent at troubleshooting is part of good seamanship (Lamvik et al., 2010) and
the adaptations are seen by seafarers as necessary to get the job done in a safe and practical
manner. The seafarers in our study had very little influence on ship bridge design and expressed
frustration with the people that make design decisions not seeming to understand their work
and the work context. According to the seafarers, the design issues and adaptations were not
visible to the maritime stakeholders that design, build, procure and install ship bridge
equipment, and none of the seafarers knew of a system in place for feedback from operations.

The paper concludes that there is a gap between those who design, develop and install
equipment on ship bridges and the end-users — the seafarers. For those working in organisations
ashore, the act of troubleshooting and finding creative solutions may be deceiving, as the
equipment on board may seem to be working well, or at least well enough, to keep operations
going. This identified gap resonates with decades of research in the maritime industry. The
study suggests future research should investigate stakeholders in the blunt end, to possibly find

where human-centred design activities can be introduced.

6.3.Paper Il

Danielsen, B.-E. (2022). The contribution of ship bridge design to maritime accidents. In: Katie
Plant and Gesa Praetorius (eds.), Human Factors in Transportation. International Conference
on Applied Human Factors and Ergonomics 2022. Vol. 60, 714-722. Springer.
http://doi.org/10.54941/ahfe1002509

This paper presents a review of 28 publicly available accident investigation reports from the
maritime investigation boards in Norway, Denmark, Germany and the United Kingdom. I
selected reports from the last decade where design of ship bridge equipment or bridge layout
had been identified as contributing factors to the accident. Previous research has shown that
maritime accident investigations tend to focus on technical components and pay less attention
to how human, technological and organisational factors interact in sociotechnical systems
(Schroder-Hinrichs et al., 2011). By selecting investigation reports from the last decade, 1
sought to get an impression of how design of technology as part of the sociotechnical system is

currently handled in maritime investigations. The review identified six categories of design
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issues: 1) bridge layout, 2) not using available electronic equipment, 3) unexpected use of
electronic equipment, 4) mode confusion, 5) lack of information about system status, 6) trust in
electronic equipment. These categories correspond with human-technology issues described in
previous research (Oltedal & Liitzhoft, 2018; Woods et al., 2010).

I also examined the safety recommendations issued by the investigation boards and the
reported response by shipowners. The safety recommendations are in most cases directed to the
shipowner or ship operator. Most recommendations advised a revision of the safety
management system, procedures or checklists. Other reoccurring recommendations included
Electronic Chart Display and Information System (ECDIS) training or bridge resource
management (BRM) training. Merely five of the 28 reports had recommendations directly
addressing the design issue, and only one of these had a recommendation directed towards the
equipment manufacturer about revising their design. Similarly, the shipowner responses mainly
consisted of revising existing, or introducing new, procedures or checklists, and performing
BRM or ECDIS training. Another frequent response was that they had distributed a circular,
report, or safety bulletin about the accident to the fleet. In eight cases, the shipowners reported
doing a change or upgrade of bridge equipment or bridge layout. These were local fixes
intended to ensure the exact same accident would not happen again. An example of this was
placing a counterweight on the steering wheel to force it into neutral position when not in use.

Although identifying design issues as contributing factors to accidents is an important
step towards improving and managing this risk, the safety recommendations and shipowner
response of introducing procedures and checklists places the main responsibility for an
improved human-technology interaction on the human operator. This type of response may
prevent the exact accident from happening again. However, it does not contribute to learning
on an organisational or system level. The paper concludes that the operational consequences of
poor ship bridge design are being shouldered by the seafarers. I argue that applying a systems
approach to accident investigations may contribute to investigations going beyond the cause
human error and providing recommendations for solutions and lessons learned on a systems
level, to a broader set of relevant stakeholders, such as regulators, designers, purchasers and

installers.
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6.4.Paper IV

Danielsen, B.-E., Liitzhoft, M., Haavik, T., Johnsen, S.O. & Porathe, T. (2022). “Seafarers
should be navigating by the stars”: Barriers to usability in ship bridge design. Cognition,
Technology & Work, 24, 675—691. https://doi.org/10.1007/s10111-022-00700-8

Paper IV is a continuation of the work presented in paper II. It expands the scope from seafarers
to also include the two central stakeholder groups equipment manufacturers and shipowners.
The empirical foundation for this paper consists of interviews with seafarers, shipowners and
equipment manufacturers, in total 31 informants. The data was divided into two groups, referred
to as the Traditional Case and the Human-centred Design (HCD) Case. All three stakeholder
groups were represented in each case. The Traditional Case represents the design situation in
the shipping industry today, while the HCD Case represents a ship bridge development and
design process where human factors considerations were implemented.

The findings from the Traditional Case showed that seafarers must handle suboptimal
ship bridge design in their daily work, and they have little or no influence on the design. The
Traditional Case shipowners’ main concern was that their investment in a ship should be
profitable, and they did not see the need to invest more than necessary on the ship’s bridge. The
Traditional Case shipowners expressed that safety of navigation was taken care of by
complying with regulations. These shipowners were of the opinion that focus should be on the
seafarers’ competence in using the equipment, as one of them stated, they should be “able to
navigate just by the stars”. The equipment manufacturers in this case found it important to
include end-user needs in their design processes. However, they found access to seafarers to be
limited and trade-offs between time, cost and customer (shipowner) requests made it difficult
to include end-user needs in their design processes.

In the HCD case, the seafarers generally described their work environment in positive
terms, the ship bridge developed based on HCD principles was considered to support their work
tasks well. The shipowner in this case found it important to be closely involved in ship bridge
design decisions. They were of the opinion that they benefited on investing in ship bridge
equipment, in the form of enhanced crew well-being. The equipment manufacturer in this case
performed an extensive human-centred design process that was made possible through an
externally funded research project. As such, this example might not be representative for usual
development budgets, but it may still serve to illustrate that human-centred design is possible

to perform in the maritime industry. The HCD Case equipment manufacturer found that the
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main challenges when performing a human-centred design process were that current regulations
and classification scheme did not allow for certain innovations, and that additional time and
cost during the development phase was hard to defend both internally in their company and
externally, as the demand for human-centred design in the maritime market was limited.

The paper concluded that suboptimal usability in ship bridge design is related to the
different aims and perspectives between the core stakeholders, including different conceptions
of work as done in the operative environment. We also found that the blunt end stakeholders
focus on short-term profitability goals and perceive the relation between usability and
profitability as a trade-off rather than of synergy. The paper suggested that a way forward could
be to develop processes, enablers and management tools to 1) update the understanding of the
professional competence needed in the technology-dense work environment on ship bridges
today, 2) strengthen the awareness of the advantages of HCD, 3) enable implementation of

HCD into existing processes and 4) provide metrics for business cases.

6.5.Paper V

Danielsen, B.-E. & Petersen, E.S. (2022). Somebody else’s problem? Usability in ship bridge
design seen from the perspective of different maritime actors. TransNav, International Journal on
Marine  Navigation  and  Safety  of  Sea Transportation, 16 (4), 685-700.
https://doi.org/10.12716/1001.16.04.10

This paper is a continuation of the work presented in paper II and I'V. It expands the scope from
the stakeholder groups seafarers, equipment manufacturers and shipowners, to also include
classification societies, a flag state, a shipyard and marine insurers. In total, semi-structured
interviews with 42 informants from these stakeholder groups form the empirical foundation of
the paper.

The basis for this study is that navigation is a complex interaction between human,
organisational, environmental and technological factors on the ship’s bridge and that
suboptimal usability in the technology is a risk factor that may contribute to maritime accidents.
The achievement of usability in equipment and systems ideally requires a human-centred design
approach that includes the involvement of end-users throughout the design and development
process. Despite considerable research, design and development efforts aiming to improve
usability in ship bridge design, and the fact that the IMO has acknowledged the need for human
factors considerations in ship bridge design through the SOLAS V/15 regulation, suboptimal

67


https://doi.org/10.12716/1001.16.04.10

usability in ship bridge design seems to be a persistent challenge. By investigating maritime
stakeholder’s perspectives, including their influence on, interest in and responsibility for
usability in ship bridge design, the paper aims to shed light on factors influencing the limited
progression in the industry.

The seafarers were found to be the stakeholder group with the highest interest in
usability in ship bridge and equipment design, as they are directly affected by it through their
daily work. However, they had little or no influence on the design and development process,
nor the purchasing process. The other stakeholders acknowledged that suboptimal usability in
ship bridge design does exists, but their expressed interest in and perceived possibility to
influence ship bridge design varied. What they seemed to have in common was a shared tacit
understanding of the goal-based SOLAS V/15 as a “dormant requirement” (informant quote)
and focusing on compliance to SOLAS V/19, which, together with performance standards and
test standards, provide prescriptive requirements for bridge design.

The IMO instrument is essential for the safety of shipping, and we argue that the IMO
has made the necessary human factors requirements through SOLAS V/15. However, this goal-
based requirement seems to be difficult to follow up in design, development and survey work.
In addition, the regulators are subjected to conflicting interests between safety and
economic/political considerations. What appears to be absent enforcement of SOLAS V/15
leaves usability up to the different maritime stakeholders. The resulting fragmentation of
responsibility for usability is illustrated by the fact that the different stakeholders considered
the responsibility for usability to sit with one or several of the other stakeholders, seeing it as
somebody else’s problem. As an example, most shipowners expressed that usability was the
responsibility of shipyards, equipment manufacturers and regulations, while seafarers,
equipment manufacturers, class societies, flag state and insurance companies meant it was the
shipowners’ responsibility. A noteworthy observation from Paper V is that the insurance
representatives believed that shipowners were responsible for usability, but their awareness
campaigns were still directed at seafarers and their use of equipment. Overall, there is seemingly
a lack of incentives to prioritise usability, as it is neither strictly followed up through
certification of bridge and bridge equipment designs, nor is it perceived as cost-effective by the
stakeholders, as usable equipment may conceivably have a higher investment cost and does not
produce tangible economic benefits, like lower insurance premiums.

The paper suggests that a way forward for long-term improvements of usability can be
making the usability considerations relating to bridge design and the design of bridge equipment

in current regulations more explicit and subject to more focused validation. In addition, we
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recommend that transfer of generic human factors knowledge to more technically oriented
stakeholders become a best practice. The paper also argues for finding opportunities for small
steps to improve usability in the short term. Specifically, we suggest to include seafarers as
‘experts’ when ‘expert evaluation’ is required in the process of plan approval, system
assessment and type-approval of maritime equipment. Such a practice can bring the perspective
of the end-users, and their understanding of the context-of-use, into the ship bridge design and

equipment manufacturing processes, without any change of rules, regulations or other practices.

6.6. Additional papers

The papers written as part of the PhD work that are not included in the thesis are listed below.
Some of these are conference papers disseminating preliminary work that was further developed

to the papers included in the thesis.

Danielsen, B.-E. (2018). Sensemaking on the bridge: A theoretical approach to maritime
information design. In International Conference on Human Systems Engineering and Design:

Future Trends and Applications (pp. 76-81). Springer.

Kilskar, S. S., Danielsen, B. E., & Johnsen, S. O. (2018). Sensemaking and resilience in safety-
critical situations: A literature review. Safety and Reliability—Safe Societies in a Changing

World. Proceedings of ESREL 2018, June 17-21, 2018, Trondheim, Norway.

Danielsen, B.-E. & Lamvik, G. (2019). Making sense of bridge design: How seamanship may
challenge technology-as-designed. In Proceedings of the 29th European Safety and Reliability
Conference (ESREL). 22-26 September 2019 Hannover, Germany.

Johnsen, S. O., Kilskar, S. S., & Danielsen, B. E. (2019). Improvements in rules and regulations
to support sensemaking in safety-critical maritime operations. In Proceedings of the 29th
European Safety and Reliability Conference (ESREL). 22—26 September 2019 Hannover,

Germany.

Danielsen, B. E., Bjorneseth, F. B., & Vik, B. (2019). Chasing the end-user perspective in
bridge design. Proceedings of Ergoship 2019.
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Kilskar, S. S., Danielsen, B.-E., & Johnsen, S. O. (2020). Sensemaking in critical situations and
in relation to resilience - A review. ASCE-ASME Journal of Risk and Uncertainty in
Engineering Systems, Part B Mechanical Engineering, 6(1).
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In International Conference on Applied Human Factors and Ergonomics (pp. 3-11). Springer.
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7. Discussion

This chapter synthesises and reflects on the findings presented in Chapter 6, and discusses how
they shed light on the main research question: Why is usability in ship bridge design a persistent
problem in the maritime industry? While the first sections answer the research questions, the
last section suggests how usability in ship bridge design can be improved based on this study’s

findings.

7.1.Seafarers and ship bridge design

Research question 1 concerns how the human work in collaboration with technology on the
ship’s bridge can be understood and described. Papers I and II, address this question. This
research also sheds light on work-as-done on the bridge. The ship’s bridge has been described
as a sociotechnical system, where the social factors (individual, organisational, societal) and the
technical factors (machines, technology, material) together constitute the system and produce
the system outcome (Costa, 2018; Grech et al., 2008). Previous research has found both
cognition and situation awareness not to be restricted to the individual mind, but rather
distributed between people working together, and between people and technology on the bridge
(Hutchins, 1995; Sandhaland et al., 2015b). Snook (2000, p. 207) argues that when analysing
an accident, the sensemaking concept can help change the focus from the individual decision-
maker to “somewhere ‘out there’ where context and individual overlap”, thus making it possible
to gain a more balanced account of all factors influencing individual actions. In addition to the
understanding of people’s behaviour as embedded parts of the sociotechnical system,
sensemaking may be an important complement to other concepts for understanding how people
behave, such as situation awareness or decision-making theories. Weick (1995) argues that
people are not rational decision-makers who passively perceive the environment and evaluate
all choices for action. Sensemaking explains how people actively pick up cues from the
environment based on several factors, such as their prior understanding of the situation and their
previous experiences. From the cues, people develop a plausible story of what is going on,
which allows them to continue with their activities. These insights are important for the design
of the interface between technology and humans that are part of sociotechnical systems, like a
ship’s bridge.

The present study finds that sensemaking as described by seafarers, appears to be closely

related to the notion of seamanship. To my knowledge, this relation has not been described
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previously in the research literature. The informants described seamanship as an important
capability to sort out the important information from the less important information available
on the bridge. Seamanship was also described as necessary for being able to recognise the
specificity of the situation, whether you are in a situation where “alarm bells should be going
off in your head” (seafarer quote). The professional experience and judgement that are essential
parts of the seamanship notion thus seem to influence the ability to notice or “bracket” (Maitlis
& Christianson, 2014) the important and relevant cues from the flow of experience and
information in the ship bridge environment.

Both sensemaking and seamanship are complex concepts with no generally agreed-upon
definitions. However, in addition to seafarers seeming to connect the two concepts, there are
theoretical similarities between them. For instance, practical sailing experience is central for
being able to exercise good seamanship. Experience is also an important component in people’s
expectations, which strongly influence which cues that are noticed in the environment (Maitlis
& Christianson, 2014). Professional identity is also part of seamanship, while sensemaking is
“grounded in identity construction” (Weick, 1995, p. 18). While this study does not touch
further upon the potential intersecting or interconnected nature of these two concepts, our
findings indicate a relation worthwhile of further investigation.

In line with previous research (Grech et al., 2008; Liitzhoft, 2004; Liitzhoft & Dekker,
2002; MAIB & DMAIB, 2021; Puisa, 2018; van de Merwe, 2016; Wilkinson, 1971), Paper II
reports a variety of design issues observed during ship visits, confirming that suboptimal
usability in ship bridge design is a current and prevalent issue. Some of these ship bridge work
environments call to mind the control room at Bhopal, which (Weick, 2010, p. 538) described
as “something of a nightmare for sensemaking”. As seen in our study, design issues on the
bridge are handled by applying adaptive strategies. Being excellent at troubleshooting and
making do with what you have at hand is key to good seamanship (Lamvik et al., 2010), and is
reflected through creative ways of, what we in Paper II describe as, adaptation of design. One

of several observed examples of adaptation of design is shown in Picture 5.
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Picture 5. Example of ‘adaptation of design’. A plexiglass plate is covering non-functioning buttons and a hole is carved out
above the one button that is functioning. At the same time, the plate functions as a mouse mat. Photo: Brit-Eli Danielsen.

In paper II, we also refer to adaptation to design, to describe how seafarers in a less
visible way adapt their work to the system. The quote from a seafarer, “adapting to the system
is seamanship in practice” illustrates that seafarers are aware of using this strategy and they see
it as a part of the notion of seamanship. However, adaptation to design was not observed during
the fieldwork. Recognising this type of adaptation requires observation of work for a longer
period, optimally before a new technology is introduced, immediately after introduction and
after the technology has been in use for an extended period of time (Liitzhoft, 2004). This would
be an interesting opportunity for future research.

Operators adapting to the technology has previously been described in the research
literature. Wilkinson (1971) reported seafarers adapting to equipment already in 1971. Liitzhoft
(2004) found that seafarers performed what she described as “integration work”, which includes
integrating representations of data and information, and integrating human and machine work,
to build a functioning human-machine system (Liitzhoft, 2004). Similar strategies have been
described in several other industries (Woods et al., 2010). For instance, in the operating room,
Cook and Woods (1996) observed what they named system tailoring, i.e., when practitioners
adapted to the new computer system and fask tailoring when they adapted their behaviour.

Adaptations are the result of learning (often from near misses and incidents) and trying to make
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sense of the system. But as Woods et al. (2010) emphasise, there are limits to successful
adaptations, adaptations that work well in routine operations may, when conditions change, be
ineffective or brittle, effectively illustrated by the City of Rotterdam accident (Marine Accident
Investigation Branch, 2017).

The seafarers in our study expressed frustration over not having influence on bridge
equipment and design, and frustration over decision-makers on shore not understanding the
work being performed on the bridge. However, they still took responsibility for bridging the
usability gap to make the human-technology interaction on the bridge work. As previously
mentioned, the adaptation strategies seem to be part of what is expected from a seafarer
exhibiting good seamanship. In line with previous research, the seafarers in our study described
good seamanship as coherent with individual characteristics, like competence and autonomy
(Antonsen, 2009; Knudsen, 2009). However, Kongsvik et al. (2020) argued that this notion of
seamanship may be losing its relevance, due to the development where knowledge and
competence is increasingly distributed from the individual seafarer, to technology, procedures
and regulations. The authors introduced a new concept, distributed maritime capabilities, to
reflect these changes. The findings in this thesis also suggests that a shift from a focus on
individual to distributed capabilities may make it more evident that onshore organisations also
have responsibility for the capabilities needed for safe navigation and for placing seafarers in
manageable circumstances.

This section has outlined the ship bridge as a sociotechnical system where cognition and
knowledge are distributed between the seafarers and between the seafarers and the technology
on the bridge. Suboptimal usability in ship bridge design challenges the collaboration between
the seafarers and the technology. The observed adaptation of design may be seen as traces of
the seafarers’ sensemaking activities and of the responsibility they take for the human-
technology interaction on the bridge. A central finding is that although the seafarers’ knowledge
or perspectives are not included in ship bridge design processes, they are shouldering the risks

inferred by suboptimal usability in ship bridge design.

7.2.“Seafarers should be able to navigate by the stars”

Research question 2 concerns how different maritime actors understand and describe the
human-technology interaction on the ship’s bridge. Papers III and IV, which include data from

seafarers, shipowners, equipment manufacturers and accident investigation reports, are the
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main contributors to this question. While the seafarers’ perspective was the topic of section 7.1,
the current section will focus on the blunt end stakeholders’ perspectives.

Paper IV investigated two different ship bridge design cases, referred to as the Human-
centred Design (HCD) Case and the Traditional Case. The stakeholder groups seafarers,
shipowners and equipment manufacturers were represented in each case. The HCD Case
represented a ship bridge development and design case where human factors considerations had
been implemented. The resulting bridge solution accommodated seafarers work well,
considering factors such as grouping of functions, alarm handling, computer interfaces and
overall layout (Paper II and IV). The Traditional Case consisted of informants from several
sectors of the maritime industry and served as a representation of the design situation in the
shipping industry today. One of the main differences between the HCD Case and the
Traditional Case was the shipowner’s perspectives, interest and active involvement in the ship
bridge design process. Another important finding was that the ship bridge design developed in
the HCD Case required cooperation between all the involved stakeholder groups: the seafarers,
the equipment manufacturer and the shipowner.

In line with the findings of Meck et al. (2009), the equipment manufacturers in both
cases expressed a high interest in including seafarers in their design and development processes
in order to develop usable products. Further, the degree to which the shipowners expressed
interest in usability in ship bridge design varied significantly, ranging from a high interest in
the HCD Case, to medium/low in the Traditional Case. The different levels of interest may
reflect the shipowner organisations being at different usability maturity levels (Liitzhoft & Vu,
2018). Although the Traditional Case shipowners were aware of the existence of suboptimal
usability in ship bridge design, safety was perceived as being ensured as long as the bridge
equipment complied with the regulations. They believed the focus should rather be on the
seafarers’ competence in handling the equipment. “Seafarers should be able to navigate just by
the stars”, a quote from a Traditional Case shipowner informant, illustrates this view.

The focus on seafarers, their competence and actions, was also evident in the analysis
of accident investigation reports (Paper III). Although design was found to be a contributing
factor to the accidents, the main recommendations and responses after the accidents were to
introduce procedures, checklists and training rather than changing the design of technology.
Woods et al. (2010, p. 195) describe this type of response as attempts to “eliminate the
consequences of poor adaptations by attempting to drive out all adaptations.” Policing strict
adherence to procedures in an attempt to eliminate errors can limit the seafarers’ discretionary

space and their possibility to adapt to the ever-changing context. Considering the variability in
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seafarers’ work, which can range from weather conditions to technological or organisational
issues, the ability to adapt to the variable context is a key ingredient that according to the Safety
II perspective contribute to safety (Hollnagel, 2014; Hollnagel et al., 2006).

That the seafarers’ competence should bridge the usability gap by applying adaptation
strategies seems to not only be accepted, but also expected by onshore organisations, as also
pointed out by Bhardwaj (2013). This creates a double bind for the seafarers, or in the words of
Woods et al. (2010, p. 195): “fail to adapt and goals will not be met but adaptation if
unsuccessful will result in sanctions.” When people in the blunt end solely place the main
responsibility for the human-technology interaction on the bridge on the seafarers, it implies
that they are neither aware of how design of technology influences sharp end operators’ work,
nor are they aware of their own role in influencing the conditions in which sharp end operators
work. The view that people in the blunt end seem to hold of seafarers’ responsibilities and
competence are consistent with old ideas of seamanship, when the ship being isolated at sea
made the ability to “make everything work™ crucial (Bhardwaj, 2013; Lamvik et al., 2010).
Schroder-Hinrichs et al. (2012, p. 152) argued that while maritime technology has changed
significantly in the 100 years between the Titanic accident in 1912 and the Costa Concordia
accident in 2012, “the thinking and attitudes of management have changed less and may
possibly not have changed at all, at least when it comes to such issues as risk taking and
prioritization of issues relating to operational safety”. As the work environment on the bridge
has changed due to increased instrumentation, digitalisation, and automation, the possibility for
seafarers to have full system comprehension and be able to diagnose and fix problems
themselves is reduced. The seafarers’ role on the bridge is changing towards them becoming
system monitors, and these changes warrant a more nuanced view on both seafarers’ and other
stakeholders’ responsibilities for ship bridge design (Kongsvik et al., 2020).

While section 7.1 described how seafarers see it as their responsibility to make the
human-technology interaction on the bridge work, this section described how core blunt end
stakeholders seem to share the view that seafarers are responsible for managing the available
equipment on the bridge, regardless of usability. The understanding of the seafarers’ roles and
responsibilities held by both stakeholders in the blunt and sharp end, does not seem to have
changed in line with the technology development over the last decades. Old ideas of work may

thus be a counterforce in the improvement of usability in ship bridge design.
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7.3.The responsibility for usability - somebody else’s problem?

Research question 3 concerns how the different actors in the maritime industry perceive their
responsibility for usability in ship bridge design. Paper V is the main contributor to this
question, with data material expanded from previous papers to include seven additional
stakeholder groups: seafarers, shipowners, equipment manufacturers, shipyard, insurance
companies, classification societies and a flag state. We found that while all informants
recognised the existence of suboptimal usability in ship bridge design, the perceived influence
and interest in usability in ship bridge design varied both within and between the stakeholder
groups. What the stakeholders did have in common was placing the responsibility for usability
with other stakeholders than themselves. Figure 5 shows with whom the stakeholders thought
the responsibility sits. The arrows pointing in all directions also illustrates that the overall
responsibility for usability in the maritime industry seem to pulverise between the stakeholders.
Importantly, Figure 5 is a simplified illustration, leaving out more fine-grained interfaces
between sub-divisions in the organisations. The maritime industry is a globalised industry
relying on multiple organisations forming networked structures with many interfaces between
organisations (Le Coze, 2017). The figure does indicate that a larger network of maritime

stakeholders exists.

77



Seafarer

Insurance NN [ /7 g
company N\ Y ¥ Society

Equipment
manufacturer

Figure 5. The allocation of responsibility for usability in ship bridge design, as perceived by the different stakeholders. The
arrows pointing towards seafarers reflects the perceived responsibility for handling the equipment. The background circles
indicate the existence of additional stakeholders, who may also have influence on usability in ship bridge design.

Another pattern seen in Figure 5 is that all stakeholder groups point to the shipowners
as being one of the responsible actors for usability in ship bridge design. The reason for placing
responsibility on the shipowner was that the shipowner is the stakeholder investing their money
in the ship, while the others merely provide products or services that the shipowner in the end
pays for. As described in section 7.2, most of the shipowners in this study did not agree with
this view. The shipowner group referred to several other stakeholders as being responsible for
usability, and they emphasised that responsibility for usability must be ensured through
regulations. Complying with regulations appears to be important for the shipowners, and for
many of them being compliant was considered sufficient for ensuring safe navigation. Efforts

or investments beyond regulatory requirements were not seen as necessary.

7.3.1. Regulators’ responsibility

According to Reason (1997, p. 188), regulators “are potentially one of the most important

defences against organizational accidents.” The IMO has clearly acknowledged the need for
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human factors considerations (i.e., usability in ship bridge design) through the SOLAS V/15
regulation. However, in this study, the SOLAS V/15 was neither found to be applied
systematically in design and development processes, purchasing processes, nor in the survey
work by the regulators. In contrast, the SOLAS regulation V/19, which together with the related
performance standards and test standards, provide prescriptive requirements for bridge design,
was considered important to follow. The flag state is responsible for enforcing the international
regulations on ships flying their flag. However, the global nature of the maritime industry means
that national authorities have a more limited role, and maintaining an independent national
oversight of international networked governance configurations may be a challenge (Almklov
& Lamvik, 2018; Le Coze, 2017). In addition, as shown in Paper V, it is challenging for the
flag state to enforce the SOLAS V/15 regulation. One of the challenges brought up by the
informants was performing survey work based on “abstract” goal-based requirements. This is
what Decker (2018) describes as a major practical challenge in survey work, as there may be
different means to achieve the goals; the challenge lies with how to assess and decide the precise
point at which a goal may be judged to have been fulfilled.

The overall trend has for several decades been to move towards goal-based regulations
(Reason, 1997), with goal-based standards having been discussed by the IMO since 2002
(Hamann & Peschmann, 2013). The key potential benefit of goal-based regulations is that the
actors themselves can identify the needed steps to achieve the goal adapted to their own
organisation (Decker, 2018; Reason, 1997). Goal-based regulations can also provide the needed
flexibility to address the dynamic context of use (Earthy & Sherwood Jones, 2006). However,
there are certain risks associated with goal-based regulations such as SOLAS V/15. Achieving
a goal such as usability requires that stakeholders like designers, developers and surveyors
possess a certain level of human factors knowledge, as well as knowledge about the specific
users and context of use (Earthy & Sherwood Jones, 2006). Fulfilling the goals of SOLAS V/15
may thus be difficult due to the varying levels of knowledge of human factors and human-
centred design posited by different maritime stakeholders (Costa et al., 2017; Vu & Liitzhoft,
2020), as well as the lack of available data about, and access to, the maritime end-users and the
context of use (Earthy & Sherwood Jones, 2006; Lurds & Mainsah, 2013; Vu & Liitzhoft,
2020).

Another factor influencing the flag state enforcement of SOLAS V/15 was apparent as
the informants from the Norwegian Maritime Authority (NMA) emphasised the importance of
ensuring what they called “predictable conditions” for the shipping industry in Norway. The

implementation of national rules and different ways of enforcing rules between different
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nations, was seen as factors that could enhance the risk of ships flagging out. These findings
are in line with Sterkersen’s (2015) study on maritime safety regulations, where she found that
the prioritisation of profit by both politicians and maritime actors constrains the maritime safety
regulators. According to the flag state informants, SOLAS V/15 was not actively followed up
within their supervisory work, confirmed by one class society representative describing SOLAS
V/15 as a “dormant requirement”. The flag state informants pointed to “the industry” as an
important actor to drive design regulations forward, which also emphasise the seemingly
fragmented responsibility for usability.

To summarise, the maritime actors included in this study all express that usability in
ship bridge design is somebody else’s problem. The unclear responsibility for usability seems
to have led to a pulverisation of responsibility in the network of maritime organisations. The
flag state, being responsible for the national enforcement of the IMO regulations, seems to be
constrained by economic considerations and the fact that a goal-based regulation like SOLAS
V/15 is difficult to follow up through survey work. The SOLAS V/15 is thus left as a ‘dormant

requirement’.

7.4.Profitability and usability

The general globalisation has led to a power shift towards financial actors which tend to
prioritise short term profits over long term investments and focusing on the return on
investments (Le Coze, 2017). This trend is also taking effect in the maritime industry. Being
part of a competitive industry forces all actors focus on maximising profit (Walters & Bailey,
2013), which can involve prioritising profit over safety (Sterkersen, 2015) or production over
protection (Reason, 1997). In organisations, prioritisations between safety and other goals such
as profit and efficiency, are based on ranging something on its perceived importance, which is
influenced by one’s knowledge concerning what might actually have an impact on safety. The
design of the City of Rotterdam prioritised a bow shape that would save fuel, with none of the
involved maritime actors considering its impact on the work on the bridge. It might be that the
actors were not aware of or did not understand the influence the bridge design could have, but
the result was still that profitability was prioritised over usability, which ended up having
considerable ramifications.

The discussion so far has shown that for many maritime actors, there does not seem to
be any incentives to consider usability in ship bridge design, as design regulations are not

enforced and there is no clear profit to be gained from ergonomic investments. Long term gains,
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such as a reduced number of potential future accidents, are difficult to value in economic terms.
There is a lack of routines and methods for performing cost-effect estimations of ergonomic
investments in shipping industry (Osterman & Rose, 2015; Osterman et al., 2010). There seems
to be a need for tangible cost estimations showing that investing in usability in ship bridge
design can be seen as offering synergy, rather than being an economic trade-off. The shipowners
do not seem to be aware of the additional positive effects that human-centred design can bring,
not only for the seafarers, but for their own business (Costa & Liitzhoft, 2014; Osterman, 201 3).
Based on this, and in line with Dul (2012), I argue that the human factors discipline in general
should expand its focus from narrowly focusing on the end-users and how their work context
can be improved, to how other stakeholders and decision-makers with different roles and goals

can obtain the necessary knowledge to prioritise ergonomic investments

7.5. A way forward?

The finding that SOLAS V/15 is seen as a ‘dormant requirement’ suggests that these goal-based
requirements could be made more explicit and operational, to aid practical implementation in
design and development processes as well as to support inspection and survey work. Regulation
and guideline developments are long-term improvement processes. Another suggestion for a
long-term improvement is that HF knowledge should be made more easily available, as well as
more actively transferred to the relevant maritime actors. Previously, researchers have
suggested to introduce HCD knowledge in naval architecture education (Abeysiriwardhane et
al., 2016; Ahola, 2018). There are also other examples of spreading human factors knowledge,
such as the Nautical Institute that works to reach a broad set of maritime actors through the
Alert! Project (The Nautical Institute, 2022) and its human element bulletins. However, one
may question whether resources like these only reach the audience already interested in human
factors and, if so, whether additional or new ways of reaching different stakeholders should be
considered.

A central principle of a human-centred design process is that end-users should be
actively involved throughout the design and development processes (International Organization
for Standardization, 2010). In this thesis, the ship bridge design process has been described as
the design activities undertaken by the naval architects designing the ship, the equipment
manufacturers designing the different pieces of equipment, as well as the procurement and
installation process where the different pieces of equipment are combined to form the complete

ship bridge work environment. A broad definition of the design process allows a broader search
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for instances where end-users can be involved, beyond the equipment designers’ work. The
suggestion presented in paper V is one such possible way to include the seafarers’ perspective,
by representing the seafarers in the process of plan approval, system assessment and type-
approval of maritime equipment. The present test methods described in the test standards often
call for expert evaluation, but a definition of expert is not provided. We argue that the definition
of expert should include a relevant seafaring career and current seafaring experience. Having
seafarers judging whether criteria like ‘intuitive’ and ‘logical grouping’ are met, could be a way
of introducing the end-user perspectives in ship bridge design and equipment development.
This is a practical short-term solution, not intended to replace performing a human-centred
design processes, but it is a suggestion that is possible to implement in the industry without any
major changes being made to regulations and other processes. Small steps forward like these
can be implemented in addition to the identified long-term efforts like transferring human
factors knowledge to stakeholders and making requirements of SOLAS V/15 more explicit and
operational. Giving the seafarers a voice during processes such as type approval can potentially
improve usability and in the longer run, this can build a pool of knowledge that could become
aresource for design engineering to improve their products and services, a need which has been

called for by equipment manufacturers (Vu & Liitzhoft, 2020).
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8. Conclusion

The overall aim of this thesis has been to contribute to safety at sea by developing knowledge
about factors in the maritime industry that influence the improvement of usability in ship bridge
design. Theoretically positioned within the disciplines of human factors, design and safety, the
research questions have been explored through a qualitative study involving several groups of
maritime stakeholders and accident investigation reports. Through the analysis of interviews,
documents and fieldwork, this study has produced five scientific publications that shed light on
usability in ship bridge design from different perspectives. This thesis builds on existing theory
and literature and does not attempt to redirect or redefine the direction of the research field. The
current work moves the field forward within the space of fellow researchers’ contributions.
Following Sternberg’s (1999) model, the contributions in this thesis thus constitute a forward
incrementation. By including the perspectives of a broad set of maritime stakeholders, this work
has contributed to additional insights into why suboptimal usability in ship bridge design seems
to be a persistent challenge in the maritime industry. The main contributions of this thesis can

be summarised as follows:

e An empirical contribution to the ship bridge design body of knowledge showing that
seafarers, the end-users, are the stakeholder with highest interest in ship bridge design,
yet they have little or no influence on ship bridge design processes. Nevertheless, the
seafarers see it as part of their job to take responsibility for shouldering the risks
imposed by suboptimal usability by applying adaptive, and often creative, work
strategies.

e Improved comprehension of work-as-done on the bridge, by introducing the
sensemaking concept to understand how people behave as embedded parts of the
sociotechnical system on the bridge. Furthermore, this study has expanded the
understanding of work-as-done through the identification of an interconnection between
the concepts of sensemaking and seamanship, illuminating how professional identity
influences work and the adaptive strategies applied by seafarers.

e Increased knowledge about the maritime stakeholders’ understanding of the human-
technology interaction on the ship’s bridge. This study found that core stakeholders
place the responsibility for managing the available technology on the bridge on the

seafarers, regardless of usability. This finding suggests that the prevailing ideas of
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seamanship and work on the bridge have not changed in line with technological
developments in the ship bridge work environment.

Insights into factors that influence maritime stakeholders’ design prioritisations. From
many stakeholders’ perspective, there is a lack of both economic and regulatory
incentives for prioritising usability in ship bridge design. This may in part be caused by
limited attention to, and a lack of knowledge about, the positive business contributions
that usability can foster, in the form of both safety and efficiency. As maritime actors
are part of a highly competitive industry, they prioritise short-term profit goals over
ergonomic investments in ship bridge design, which is made possible by the lack of
national enforcement of the SOLAS V/15 regulation concerning human factors
considerations in ship bridge design.

Improved understanding of how contradicting ideas of responsibility among the
different maritime stakeholders may hamper improvement of usability in ship bridge
design. All stakeholders in this study believed the responsibility for usability in ship
bridge design sat elsewhere. While the stakeholders’ expressed varied levels of interest
and perceived possibility to influence ship bridge design, none of the stakeholders seem
to have claimed the role as potential drivers for human-centred design processes.

A presentation of how a human-centred design process can be achieved in the maritime
industry, through the description of the Human-Centred Design (HCD) Case, a human-
centred ship bridge design project that resulted in a usable ship bridge work
environment. By studying this case, we were able to identify certain prerequisites, like
dedicated human factors experts, funding and the active involvement of several

stakeholder groups.

8.1.Implications for academia

The aspired theoretical relevance of this work has been pursued by both building on previous

research and exploring aspects of ship bridge design processes that have not previously been

addressed. As the literature review in Chapter 3 shows, there already exists a significant amount

of research, design and development work concerning ship bridge design. However, this work

does not seem to be reflected in the industry. This thesis demonstrates how developing what

researchers and designers may consider to be good design, is not sufficient to make changes in

the industry, as a variety of stakeholders and factors influence its implementation. While the

human factors discipline has traditionally focused on the end-users, the findings in this thesis
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contribute to the study of a broader set of stakeholders and how their perspectives and priorities
can influence the human factors goals of human well-being and system performance.

Moreover, the findings emphasise that academia should strive to transfer existing human
factors knowledge in a format that that can be applied by the different actors in the industry.
There is also a need for additional knowledge concerning the economic effects of ergonomic
investments which could enable the maritime actors to make better informed economic
prioritisations concerning ship bridge design,

At a time when maritime research is focusing on remote operations, autonomous
maritime systems and unmanned ships, this thesis shows that there is still work to do concerning
human-technology interactions also in conventional shipping. The predicted paradigm shift
towards autonomous marine systems and remote-operated vessels will probably not happen in
the very near future, so the risk imposed by suboptimal usability in ship bridge design on

conventional ships will be a challenge in many years to come.

8.2.Implications for industry

The findings in this thesis may also have implications for actors in the maritime industry. This
study confirms previous research on the influence that ship bridge design has on safety and the
persistence of suboptimal usability in design. The thesis illuminates the importance of
considering suboptimal usability a risk, which, like other risks in a company, should be actively
managed. In line with previous research, this thesis emphasises the importance of involving the
end-users in design processes and design decisions. What may be interesting to actors in the
industry is our suggestion that seafarers can be included in processes like plan approval, system
assessment and type-approval of maritime equipment without requiring major changes in
regulations, processes or investments. Furthermore, becoming aware of the fact that
responsibility for usability seems to pulverise between actors in the maritime industry should
inspire actors to take responsibility, or at a minimum, contribute to clarifying the allocation of
responsibility. The findings in this thesis may also be useful for designers and people working
with human factors in the industry, highlighting the need to direct attention to, and communicate
with, a broad set of decision-makers in addition to the end-users. Maritime regulators may learn
from the findings concerning how the absent enforcement of SOLAS V/15 impacts the industry,
and that industry actors do not necessarily take their part of the fragmented responsibility for
usability. Although goal-based regulations have several advantages, there is a risk attached to

leaving their realisation to the actors in the industry without a proper mandate.
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8.3.Future work

As with any research project, other choices could have been made during all phases and this
study could have taken many other directions. An obvious continuation of this work would be
to expand the study in terms of number of informants in each stakeholder group or have
additional stakeholder groups or additional maritime sectors represented, which could give a
broader picture of the maritime industry. Alternatively, one of the maritime sectors could be
chosen to do an in-depth study of its stakeholders and structures that influence ship bridge
design.

Another interesting approach would be, in addition to investigating the barriers to
usability in the industry, to also focus on the possible enablers, i.e., factors that the different
stakeholders themselves see as enablers to prioritising time and money to improve usability in
ship bridge design. As this study found that profitability is a main concern for maritime
stakeholders, further research on cost-effectiveness of ergonomic investments is needed.
Moreover, further exploring the possibility for practical, short-term solutions for introducing
the end-user perspective in ship bridge design, development, procurement and implementation
processes, could be a fruitful way forward to gradually improve usability in ship bridge design.

Sensemaking in relation to technology, and the intersecting or interconnected nature of
sensemaking and seamanship, are possible avenues for future research. Seafarers’ sensemaking
has received little attention in the literature and research in this line could further illuminate
how professional identity influences work and the adaptive strategies applied by seafarers.

A different avenue that could have been interesting to pursue, is investigating the
surveyors’ role. As surveyors perform the inspections and approvals of ship bridge equipment
and systems, part of their role can be seen as translators of the regulations. Exploring the
surveyor’s work in relation to usability, including their understanding, possibilities and
constrains, could possibly give further insights into factors influencing usability in ship bridge
design.

In addition to these suggestions there are numerous other prospective research
opportunities. However, future endeavours of devising “courses of action aimed at changing
existing situations into preferred ones” (Simon, 1969, p. 55) must keep in mind that in order to
change the design situation on board ship bridges into preferred ones, one must include the
actions of multiple companies and professionals involved at several stages in the ship bridge
design process. And possibly most important, it is imperative that the seafarers’ voices are heard

and understood.
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Picture 6. The North Sea seen from the bridge of an offshore supply vessel. Photo: Brit-Eli Danielsen.
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Appendix 1: Declaration of authorship

I have been the primary author of all articles included in this thesis. An overview of the co-
authors’ contributions are given in Table 4. The author contributions are divided into the

following tasks:

A. Initial research idea and concept
Data collection
Data analysis

Writing and design of the draft of the article

m o 0w

A critical review of the article

Table 4. Overview of the contributions from each author to the publications included in this thesis.
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Margareta Liitzhoft C,D,E D.E
Thomas Porathe E E
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Stig Ole Johnsen B,E
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Appendix 2: Interview guides

Two interview guides are included, the first one was used during the initial ship visits, while

the second one was used during the last round of interviews.

Interview guide ship visits

Presentation of myself, phd project and research interest.

Information about data management, informed consent.

What is your background, education and previous experience (ships/equipment), how long on
this ship?

Tour of the bridge, crew to describe layout, equipment.

What is your opinion about this bridge, overall and specific equipment (design of interfaces,
screens, buttons)

When was this bridge installed, has there been small/big changes since then?

Who decides when new equipment shall be installed and where?

Where can you give feedback about ship bridge equipment?

Have you been involved in any design processes?

What are your most important tasks?

Alarm management?

Is it easy to find the information you need?

Does this [system/design/instrument/layout] ever cause you problems when you are trying to
do your job?

Can the layout or equipment design be annoying/confusing?

Are there examples of good design, equipment, interfaces that you prefer, why?
What does the term seamanship or good seamanship mean to you?
Is it still relevant?

Has it changed with in line with the technology development?

Things to have in mind during observation:
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Layout, equipment (from which vendors), proximity, grouping, adaptations (written notes,
covers, dimming arrangements, buttons not in use), ergonomics: possibility for adjusting

distance, height, dimming.

e vibration e  Readability

® noise e Intuitiveness

e light e  Consistency

e heating e Logical grouping

e ventilation e  C(Clarity of language

e temperature e  Feedback

e humidity e Memory load

e surfaces e  Equally catering for novices and experts
e dimensions workstations e User control

Interview guide stakeholders

Presentation of myself, phd project and research interest (how the different stakeholders are
involved directly or indirectly in ship bridge design, from regulators to other actors - shipyards,
shipowners, equipment manufacturers etc.)

Information about data management, informed consent.

Describe your position (what do you do on a typical day) and background?
Show influence/interest diagram.
(Influence: role, formal and informal influence, relations to other stakeholders, resources,

knowledge - Interest: role, goal, impact on, affected by)
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Influence

HIGH

MEDIUM

LOW

Low MEDIUM HIGH

Interest

If you think about the newbuild phase and the ship bridge design in particular— where would
you put your organization in this chart?
Why?
What kind of influence does your organization have? What do you do? When?
What kind of interest does your organization have?
Do you think your placement in the chart should be somewhere else? Where?

Is it possible to move there? Why would that be difficult? What could enable that move?
What about the other actors influencing direct or indirect the ship bridge design, where would

they be in this chart? (Shipyard, shipowner, equipment manufacturer, classification company,

flag state, end-users)
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Appendix 3: Thematic Analysis

This appendix describes the analysis process of the data from the seafarer group (n=21). The
data, in the form of field notes and transcribed interviews, were uploaded to the software NVivo.
The initial codes were generated by reading through the material and selecting segments of text
that seemed interesting with regard to the research questions. This resulted in 251 initial codes
(due to the large number of codes they are not included in the appendix). Each code had 1-3
references in the text material. I didn’t find NVivo to be very helpful after this step, so the codes
were transferred to a Word document. The next step was to group the codes into themes, as

shown in Figure a. This step resulted in 12 initial themes.

User
preferences
(40)

Technology
development
(17)

Seamanship

Communication
internal/external
(17)

(35)

Other work
tasks

(4)

Who decides
(39)

Suboptimal
design/user
adaptations
(58)

Miscellanoeus
(14)
Standardisation

Getting used to

(®) ©l

Figure a. The initial codes were grouped into themes. The number indicates the number of codes in each theme.

The themes were then reviewed, and it was decided that three of the initial themes would go on
to form main themes, whereas others formed sub-themes, as shown in Figure bError! R
eference source not found.. The reason for themes to be become sub-themes was e.g., that it

did not have enough data to support it, or two themes were considered to actually be one theme.
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Figure b. Refinement of themes by choosing main themes and sub-themes.

The next step was defining and naming the main themes (Figure c). Two of these themes,
“Seamanship as seafarers see it” and “Adaptation of and to bridge design” were the topic of

Paper 11, while “Influence on ship bridge design” was included in paper IV and V.

Influence on
ship bridge
design

Seamanship as

seafarers see it

Adaptations of
and to bridge
design

Figure c. The final three main themes from the seafarer group.
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Appendix 4: Five research papers

Paper 1

Danielsen, B.-E. (2021). Making sense of sensemaking in high-risk organizations. In
S. O. Johnsen & T. Porathe (eds.), Sensemaking in safety-critical and complex
situations: Human Factors and Design. CRC Press.

Paper 11

Danielsen, B.-E., Liitzhoft, M., & Porathe, T. (2021). Still unresolved after all these
years: Human-technology interaction in the maritime domain. In: Stanton, N. (eds),
Advances in Human Aspects of Transportation. AHFE 2021. 270, 463-470. Springer.

Paper 111

Danielsen, B.-E. (2022). The contribution of ship bridge design to maritime accidents.
In: Katie Plant and Gesa Practorius (eds.), Human Factors in Transportation. AHFE
2022. 60, 714-722. Springer.

Paper IV

Danielsen, B.-E., Liitzhoft, M., Haavik, T., Johnsen, S.O. & Porathe, T. (2022).
“Seafarers should be navigating by the stars”: Barriers to usability in ship bridge
design. Cognition, Technology & Work, 24, 675-691.

Paper V
Danielsen, B.-E. & Petersen, E.S. (2022). Somebody else’s problem? Usability in ship
bridge design seen from the perspective of different maritime actors. TransNav,
International Journal on Marine Navigation and Safety of Sea Transportation, 16 (4),
685-700.
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INTRODUCTION

Safety in high-risk organizations is created by the everyday behavior of all employees
in the organization — at all levels — as they go about getting their job done (Gregory &
Shanahan, 2017). Sensemaking — the fundamental human quest for meaning — is the
basis for human behavior, in formal organizations as well as life in general (Weick,
Sutcliffe, & Obstfeld, 2005). Sensemaking has been an influential perspective in
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organization studies and is strongly associated with the work of Karl Weick and his
change of focus from decision-making and organizational outcomes to how indi-
viduals and organizations make sense of or give meaning to events and experiences
(Weick, 1995). Sensemaking research has intensified over the last decades; however,
it has been scattered over several different domains with differing approaches. In
relation to the extensive literature on sensemaking, this chapter is a brief review of
the sensemaking literature to establish an understanding of the concept, especially
how it is understood in the context of sharp-end operators in high-risk organizations.
Mainly, work on the bridge of a maritime vessel is used as an example to illustrate
sensemaking in a high-risk environment.

This chapter is structured as follows: The next section presents the overall concept
of sensemaking, a definition of sensemaking and how it relates to decision-making
and situation awareness (SA). Thereafter, the third section describes how sensemak-
ing is understood as a cognitive process, followed by the fourth section describing
some of the debated core aspects of the sensemaking concept. A review of the main
factors influencing sensemaking is presented in fifth section. The sixth section dis-
cusses sensemaking in safety-critical situations before the last section concludes with
a summary and thoughts about future research opportunities.

THE CONCEPT OF SENSEMAKING

Sensemaking seems self-explanatory as it literally means “the making of sense™;
however, as a cognitive concept, it reaches beyond merely being another word for
“understanding” or “interpreting” (Weick, 1995). Interpretation implies there is
something in the environment to be discovered; however, sensemaking is not a pas-
sive diagnosis, it refers to the processes where people actively play a role in con-
structing the very situations they try to make sense of (Weick, 1995). “Sensemaking
is about sizing up a situation while you simultaneously act and partially determine
the nature of what you discover” (Weick & Sutcliffe, 2015, p. 32).

Sensemaking both precedes and follows decision-making (Maitlis, 2005).
Sensemaking is about “the interplay of action and interpretation rather than the influ-
ence of evaluation on choice” (Weick et al., 2005, p. 409). Snook (2000) effectively
describes how sensemaking differs from decision-making in his analysis of a friendly
fire incident over Iraq in 1994 where two US Air Force F-15 fighters accidentally shot
down two helicopters killing all 26 peacekeepers on board. Snook points out that the
F-15 pilots did not “decide” to pull the trigger. They were trying to make sense of the
situation they were in. Ambiguous stimuli and strong expectations made the pilots
believe they saw an enemy helicopter, “seeing through the mind’s eye” as Snook puts
it. Blaming the pilots for making the wrong decision would mean overlooking the
“potent situation factors that influence action. Framing the individual-level puzzle as
a question of meaning rather than deciding shifts the emphasis away from individual
decision makers toward a point somewhere ‘out there’ where context and individual
action overlap” (Snook, 2000, p. 207). Snook emphasizes that the individual sen-
semaking occurs as an interplay with the environment or embedded in context. To
view human actions as a struggle to make sense rather than decision-making makes
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way for a more complete account for all relevant factors contributing to an accident,
not merely individual judgment or “human error”. It promotes a view of humans as
“good people struggling to make sense” rather than “bad ones making poor deci-
sions” (Snook, 2000, p. 207).

Sensemaking also differs from the widely used concept of SA (Endsley, 1995). SA
is an individually achieved state of knowledge, based on the perception of elements
in the environment and the comprehension of their meaning, which is used to make
predictions about the future (Endsley, 1995). In contrast, the study of sensemaking is
about the process of achieving these kinds of outcomes. Where SA seems to describe
a more passive perception of data, sensemaking is about how people actively con-
struct what counts as data in the first place (Klein, Phillips, Rall, & Peluso, 2007).
The SA construct has been important within human factors research; it has been
widely studied across many different domains. Still, it has been regarded as prob-
lematic that missing cues or displayed information is commonly described as “loss
of situation awareness”. This way of representing SA as a construct in the mind has
made it possible to blame sharp-end operators for mishaps because they made the
mistake of losing their SA (Dekker, 2015).

SENSEMAKING DEFINITION

There is no unified definition of sensemaking. In the research literature it is often
used without an associated definition, and when explicitly defined it is given a vari-
ety of meanings (Maitlis & Christianson, 2014). In their comprehensive literature
review, Maitlis and Christianson (2014, p. 67) developed a definition of sensemaking
rooted in recurrent themes across sensemaking definitions:

a process, prompted by violated expectations, that involves attending to and bracketing
cues in the environment, creating intersubjective meaning through cycles of interpreta-
tion and action, and thereby enacting a more ordered environment from which further
cues can be drawn.

The various aspects on sensemaking from this definition will be discussed below.

THE SENSEMAKING PROCESS

Sensemaking understood as a cognitive process has been described as consisting
of three interrelated processes: creation, interpretation and enactment (Sandberg &
Tsoukas, 2015). The creation process involves noticing and extracting cues from our
lived experience, creating an initial sense of the situation. In the interpretation pro-
cess, the initial sense is then interpreted to a more complete and narratively organized
sense of the situation. Following the interpretation process, the enactment process
involves acting on the sense made. The actions create a slightly different or new envi-
ronment to continue to make sense of (Maitlis & Christianson, 2014; Sandberg &
Tsoukas, 2015). This meaning-action process is an ongoing cycle and sensemaking
never starts or stops as people are in an “almost infinite stream of events and inputs”
(Weick et al., 2005, p. 411).
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TRIGGERS FOR SENSEMAKING

What makes something from this stream of events noticed and carved out as a cue
for sensemaking? The sensemaking literature finds that issues, events or situations
become triggers for sensemaking when they are ambiguous, interrupt people’s ongo-
ing activity, make them realize the inadequacy of their current understanding and
create uncertainty about how to act (Klein et al., 2007; Maitlis & Christianson, 2014).
The events triggering organizational sensemaking range from minor to major events
and they may be planned or unplanned (Sandberg & Tsoukas, 2015). A triggering
event does not necessarily emerge unexpectedly, it may be constructed by the actors
themselves, e.g. by noticing or failing to notice cues (Ibid.). Cues are “seeds from
which people develop a larger sense of what may be occurring” (Weick, 1995, p. 50).

Sometimes vague cues are not noticed, other times cues are significant enough
to be noticed but still do not trigger sensemaking. Instead, they are accommodated,
explained away or normalized (Maitlis & Christianson, 2014). How it makes sense to
explain away cues is thoroughly described in Liitzhoft and Dekker’s (2002) analysis
of the grounding of the Royal Majesty east of Nantucket in 1995. The ship lost her
satellite signals just after departure from Bermuda and the GPS forwarded estimated
positions to the autopilot. This went unnoticed by the crew as the automated bridge
functions supported their mental model of a safe trip following the planned track to
Boston. The crew explained away or did not attend to cues emerging along the way
that would indicate a different story, like lookout reports and warning broadcasted
on VHF. On June 10, 1995 she ran aground 17 nautical miles from her planned track
towards Boston.

The study of sensemaking has mainly been confined to study episodes where an
ongoing activity has been interrupted and need to be restored (Sandberg & Tsoukas,
2015). According to Sandberg and Tsoukas (2015), this is problematic as specific
episodes certainly are an aspect of organizational life, but most of the time orga-
nizational life consists of routine work where people do things without deliberately
thinking about how they do them. This does not mean that routine work is senseless,
rather that people are involved in mundane or immanent sensemaking (Sandberg &
Tsoukas, 2015). This is sensemaking as people are immersed in practice without
being consciously aware of it, and they spontaneously respond to the situation as it
develops. Sandberg and Tsoukas (2015) argue that the study of immanent sensemak-
ing is as a way forward to extend the sensemaking concept. This line of enquiry
would correspond to the safety II perspective on safety where the focus is on the
everyday performance where things go right under varying conditions (Hollnagel,
Woods, & Leveson, 2006).

SENSEMAKING AND ENACTMENT

Enactment is not only a stage in the sensemaking process but at the very core of the
sensemaking concept (Sandberg & Tsoukas, 2015; Weick, 1988, 1995). Action is an
integral part of sensemaking as it is a part of gathering more information about the
situation at hand. Action can test the initial sense made as well as shape the environ-
ment for sensemaking. “What the world is without our enacting is never known since
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we fiddle with that world to understand it” (Weick pers. comm. cited in Klein et al.,
2007, p. 122).

Sensemaking in a developing crisis can both be helpful and harmful as action can
alter the environment in unexpected ways. Crises and unexpected events are situa-
tions difficult to comprehend, and the situation may require people to take action
with incomplete information (Maitlis & Christianson, 2014). Enactment is central in
Weick’s analysis of a Union Carbide gas leak that occurred in Bhopal in 1984. Early
action may determine the trajectory of the crisis, “Had they not acted or had they
acted differently, they would face a different set of problems, opportunities and con-
straints” (Weick, 1988, p. 309). Enactment is especially difficult in complex systems
where changes in one part have less predictable effect on other parts, there may be a
delay in the effects of action and small actions can result in big and surprising effects
(Maitlis & Christianson, 2014).

THE OUTCOME OF THE SENSEMAKING PROCESS

The outcome of the sensemaking process is “a more ordered environment from which
further cues can be drawn” (Maitlis & Christianson, 2014, p. 67). The specific sense
made is seen as a springboard for the actions people take to attempt to restore an inter-
rupted activity. However, the sense made does not need to be an accurate account of
the situation at hand. According to Weick “perceptual accuracy is grounded in mod-
els of rational decision-making” (Weick, 2005, p. 415). Sensemaking is not about
discovering the truth and achieving a correct understanding, it is about “continuing
redrafting of an emergent story” and it is “driven by plausibility rather than accu-
racy” (Weick, 1995, p. 55). As such, the endpoint for sensemaking is not a full com-
prehension of the situation or system at hand, it is a dynamic process occurring in a
dynamic, changing environment (Klein et al., 2007). The sensemaker only needs a
plausible explanation or narrative sufficient enough to continue their activity (Weick,
1995): “To deal with ambiguity, interdependent people search for meaning, settle for
plausibility, and move on” (Weick et al., 2005, p. 419).

ASPECTS OF SENSEMAKING

There are different fundamental assumptions about the sensemaking concept found
in the literature. The temporal orientation has been a subject for debate as well as
whether sensemaking is primarily an individual cognitive process or a social con-
struction of intersubjective meaning where language is the locus of sensemaking
(Maitlis & Christianson, 2014).

SENSEMAKING AND TEMPORAL ORIENTATION

Weick (1995) listed retrospective as one of the seven distinct properties of sensemak-
ing. Sensemaking rationalizes what people have done as they look back on action that
has already taken place (Maitlis & Christianson, 2014; Weick, 1995). According to
Weick people can know what they are doing only after they have done it. “The cre-
ation of meaning is an attentional process, but it is attention to that which has already
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occurred” (Weick, 1995, p. 26). Changes or cues in the environment are noticed
when looking back over previous experience and seeing a pattern (Weick, 2005). As
part of retrospective sensemaking, forward looking sensemaking has been explained
as “future perfect” thinking where a future event is imagined and made sense of as if
it had already occurred. However, in recent years, researchers have argued that sen-
semaking can also be prospective or future oriented (Gephart, Topal, & Zhang, 2011;
Klein, Wiggins, & Dominguez, 2010; Rosness, Evjemo, Haavik, & Werg, 2016) or
be seen as drawing on all three dimensions (past, present and future) of sensemaking
(Maitlis & Christianson, 2014).

SENSEMAKING AND LANGUAGE

Over time Weick has developed the notion of sensemaking in a way that gradu-
ally removed it from its cognitivist origins into a social constructivist perspective
(Sandberg & Tsoukas, 2015). In this perspective, sensemaking is understood as
being more fundamentally concerned with language (Maitlis & Christianson, 2014,
Weick et al., 2005). The focus on language or linguistic factors has increased over
the last two decades (Sandberg & Tsoukas, 2015). Language is a central part of orga-
nizational life as most social contact is mediated through talk and conversations.
“Situations, organizations, and environments are talked into existence” (Weick et al.,
2005, p. 409) and turning the flow of organizational circumstances into words and
categories is central in sensemaking (Weick et al., 2005). Some scholars especially
highlight narratives as the primary site from where experiences are made mean-
ingful. Narratives are used to define individual and collective identities, and there
may be several different narratives existing in an organization which contributes to
people interpreting differently experiences they have in common (Brown, Stacey, &
Nandhakumar, 2008; Maitlis & Christianson, 2014). Although the focus on lan-
guage is connected to understanding sensemaking as the construction of intersub-
jective meaning rather than primarily as an individual cognitive process (Maitlis &
Christianson, 2014), sensemaking can be understood as both an individual and a
social process. According to Weick (1995) “sensemaking is grounded in both indi-
vidual and social activity”, and it might not even be possible to separate the two.

FACTORS INFLUENCING SENSEMAKING

As “people can make sense of anything” (Weick, 1995, p. 49), there is an infinite num-
ber of factors that can influence sensemaking. In this section, some of the central fac-
tors from the sensemaking literature is reviewed; emotions, embodied sensations, social
context, identity, technology and meaningfulness through work (Maitlis & Christianson,
2014; Maitlis & Sonenshein, 2010; Sandberg & Tsoukas, 2015; Weick, 1995).

SENSEMAKING AND EXPECTATIONS

Sensemaking has often been described as a response to a surprise — a failure of
expectations (Klein et al., 2007). Expectations can be both enabling or constraining
for sensemaking (Weick, 1995). The discrepancy between expectations and reality
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must be of a certain magnitude or importance to cause people to wonder what is
going on and trigger sensemaking (Maitlis & Christianson, 2014).

It can either be an unexpected event or the non-occurrence of an expected event.
The experience of how significant a discrepancy feels is highly subjective; it can
depend on the “impact on individual, social, or organizational identity ... and per-
sonal or strategic goals” (Maitlis & Christianson, 2014, p 70). It can also vary from
moment to moment depending on emotions and identity construction (Weick, 1995).

In Weick’s (1993) analysis of the Mann Gulch fire where 13 firefighters died, the
firefighters expected a “10:00 fire”, which meant it would be relatively easy to man-
age and be under control by 10:00 the next morning. This image stuck with them
and prevented them from making sense of new cues as they emerged. Expectations
were also an important part of the individual-level analysis of a friendly fire incident
by Snook (2000). The F-15 fighter pilots had not been informed about the friendly
helicopters when they entered what was designated as a “combat zone”. Due to range,
angle and speed of the fighters, the visual stimulus was ambiguous. As they flew
close to the friendly helicopters a second time to confirm the sighting, they saw what
they expected to see — the enemy.

SENSEMAKING AND EMOTIONS

Extensive research has found that the interplay between emotions and cognition influ-
ence who we are, what we do and the decisions we make (Norman, 2019). Emotions
were initially ignored in sensemaking studies but have gradually been expanding
in the recent years (Sandberg & Tsoukas, 2015). On both individual and collective
levels, emotions have increasingly been understood to influence the sensemaking
process, “whether sensemaking occurs, the form it takes, when it concludes, and
what it accomplishes” (Maitlis & Christianson, 2014, p. 100).

Emotions in crisis are often strong and negative like anxiety fear, panic and des-
peration. The arousal these emotions trigger in the autonomous nervous system can
consume cognitive information processing capacity, which in turn reduces the num-
ber of cues that can be noticed and become triggers for sensemaking (Maitlis &
Sonenshein, 2010). As seen in the Mann Gulch incident when people are put under
life-threatening pressure, they return to well-learned, habituated ways of responding,
like flight (Weick, 1993). Positive felt emotions may “broaden individuals’ scope of
attention and their thought—action repertoires” (Maitlis & Sonenshein, 2010, p. 568).
This should lead to a sensemaking process that can contribute to positive outcomes,
averting crisis and accidents. However, overly positive emotions may cause people
to be overly optimistic and overlook important cues and misinterpret the situation
(Maitlis & Sonenshein, 2010). Hence, moderately intense emotions, strong enough
to be noticed but not to distract and consume cognitive resources, seem to support
sensemaking (Maitlis & Sonenshein, 2010).

EMBODIED SENSEMAKING

As sensemaking has been conceptualized as a deliberate process confined to specific
episodes, research on sensemaking has mainly concerned the cognitive or linguistic
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sphere. However, over the recent years, focus on embodied sensemaking has emerged
(Maitlis & Christianson, 2014). This research is connected to cognitive science and
the related embodied cognition, where cognition, body, and context are viewed as
three interrelated concepts that are in constant interaction with each other (Fahim &
Rezanejad, 2014). Cunliffe and Coupland (2012) argued that “embodiment is an inte-
gral part of sensemaking” (Cunliffe & Coupland, 2012, p. 64) and that we make sense
of our lives and ourselves through embodied interpretations of our ongoing everyday
interactions and experiences. They theorized the process as “embodied narrative sen-
semaking”. Through an analysis of rugby players, they demonstrated how the players
made sense of their surroundings and experiences in sensory as well as cognitive
ways; “sensemaking is not necessarily an information-processing activity but draws
on an intuitive and informed feeling in his body — he senses the lines of force, the dis-
tance, his adversaries’ positions on the field, and his critics off the field” (Cunliffe &
Coupland, 2012, p. 77). They argue that we cannot separate our bodies from the con-
text, in addition to the cognitive sphere “organizing also operates on a sensory level
through sensory knowing and bodily sensations” (Cunliffe & Coupland, 2012, p. 83).

Embodied sensemaking is interesting in a maritime context where navigating a
ship involves working in a highly dynamic environment. The form of tacit knowledge
needed to maneuver a ship has been referred to as ship sense (Prison, Dahlman, &
Lundh, 2013). Ship sense is presumed to play an important role in the dynamic inter-
action between the ship and the navigator. The navigator must handle the ship’s dis-
tinctive maneuverability and the navigation instruments available, as well as account
for the dynamic factors such as wind, waves, current and visibility that affect each
other and the ship. When sailing in open sea with strong winds and high sea-state, the
autopilot may be deliberately disengaged in order to steer the ship manually, and the
more implicit knowledge to “get a feel for” the ship’s movement becomes important.
Both visual and other senses are engaged to feel the heaving motions of the vessel
in the sea. Ship sense is needed to know when to take action, like slowing down or
slightly altering course in relation to the direction of the oncoming waves (Prison
et al., 2013), thus it is vital for the safety at sea.

SENSEMAKING Is SociAL

A lot of peoples’ activities in organizations are concerned with collective efforts to
make sense. Weick (1995) describes sensemaking as a social process where people
actively shape each other’s meanings. Sensemaking is never solitary as peoples’
internal constructions or thoughts are created through interaction with others.
In organizations “decisions are made either in the presence of others or with the
knowledge they will have to be implemented, or understood, or approved by others”
(Weick, 1995, p. 39). Sensemaking can thus be seen as unfolding between individuals
as intersubjective meaning is constructed through a joint process of building under-
standing together (Maitlis & Christianson, 2014).

However, shared meaning is difficult to attain. People can share experiences
although the sense made of it may differ significantly. For organizations, it is not even
necessary that people share meanings to be able to coordinate action. It is sufficient
to have minimal shared understanding or equivalent meanings (Brown et al., 2008;
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Weick, 1995). Brown et al. (2008) were interested in why people interpret shared
experiences differently. They explored the shared and discrepant sensemaking of
members of a work team and argued that “although sensemaking is inherently social,
it is fundamentally tied to processes of individual identity generation and mainte-
nance” (Brown et al., 2008, p. 1037).

The social aspect of sensemaking is also understood by the sensemaking-related
construct sensegiving, defined as “attempting to influence the sensemaking and
meaning construction of others toward a preferred redefinition of organizational real-
ity” (Gioia & Chittipeddi, 1991, p. 442). Organizational members may try to shape
the sensemaking of others. Studies have shown that organizational leaders attempt-
ing to strategically shape the sensemaking of other organizational members do not
necessarily succeed. Organizational members are not passive recipients of meaning;
they engage in their own sensemaking and may actively resist the effort from leaders
or alter the meanings conveyed to them (Maitlis & Christianson, 2014).

SENSEMAKING AND IDENTITY

Weick (1995) described sensemaking as being “grounded in identity construction”
and that sensemaking begins with a self-conscious sensemaker. He argued that
identities are constructed out of the process of interaction. “People learn about their
identities by projecting them into an environment and observing the consequences”
(Weick, 1995, p 23). Identity is thus not constant, as people experience a chang-
ing sense of self as they shift among interactions and try to decide which self is
appropriate in the current situation (Weick, 1995). When the situation is ambigu-
ous or confusing, sensemaking often occurs in ways that respond to people’s iden-
tity needs (Weick, 2005). Sensemaking is part of maintaining a consistent, positive
self-conception: “What the situation means is defined by who I become while deal-
ing with it or what or who I represent” (Weick, 1995, p. 24). However, the direction
of causality goes both ways: identity influences sensemaking but sensemaking also
influences the definition of self.

The importance of identity for sensemaking becomes especially evident in organi-
zational crises or change, when identity might be threatened (Maitlis & Sonenshein,
2010). A threatened identity may constrain action, as seen in Weick’s (1993) analysis
of the Mann Gulch fire. The foreman realized the severity of their situation and told
the retreating crew to throw away their tools; however, without their tools they would
turn “from a team of firefighters to a group of endangered individuals who were run-
ning from a fire without their tools” (Maitlis & Sonenshein, 2010, p. 563). Identity
was also a contributing factor in the Westray mine disaster analyzed by Wicks (2001).
Wicks found that institutionalization of a harmful mindset of invulnerability, e.g. they
identified themselves as “real men”, “going where few men would dare to go” (Wicks,
2001, p. 681), blinded them from seeing and preventing the risks in their work.

SENSEMAKING AND TECHNOLOGY

Sensemaking has been described as influenced by technology, particularly informa-
tion and communication technologies; however, there are relatively few studies on
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this topic (Bisio, Bye, & Hurlen, 2019; Sandberg & Tsoukas, 2015). Organizational
sensemaking is influenced by the medium of communication where people in orga-
nizations interact or the introduction of new technology triggers sensemaking about
the technology itself or sensemaking related to professional identity (Sandberg &
Tsoukas, 2015). As such, technology sensemaking has been treated as a subset of
organizational sensemaking, focusing on sensemaking of the technological phenom-
enon in organizations rather than addressing how technological materiality influence
sensemaking (Mesgari & Okoli, 2019).

There are sensemaking research strands mainly concerned with information
seeking and the use of information technology. Sensemaking in the field of human—
computer interaction (HCI) is concerned with tools for retrieving and visualizing
information, how people make sense of complex sets of information and their ability
to create and shape external representations of knowledge (Russell, Stefik, Pirolli, &
Card, 1993). In Library and Information Science (LIS), the central sensemaking
activities are information seeking, processing, creating, and using (Dervin, 1998).
Today web-based tools have enabled people to seek and access large amounts of
information, thus, the LIS and HCI communities have seen the need to start con-
verging on projects “to help people make sense of the information resources now
available” (Russell, Convertino, Kittur, Pirolli, & Watkins, 2018, p 3). Although sen-
semaking in organizations, like sensemaking on the bridge of a vessel, also includes
information seeking and the use of information technology, these research strands
do fully consider the context; the many different technological applications as well
as the broader sociotechnical work environment.

How technology is influencing sharp-end operator’s sensemaking can, for
instance, be observed in the maritime sector. There has been a steady increase in
digitalized products, applications and services introduced to this domain. The role
and tasks of navigators have gone from navigating the vessel by means of manual
control to increasingly having the role as managers of automated systems (Liitzhoft,
Grech, & Porathe, 2011). The navigators work has changed to increasingly become
more and more dependent on representations of the outside world, making sense of
an increasingly digitalized context (Danielsen & Lamvik, 2019).

Despite the increase in digitalized products, advanced automated systems and sen-
sors on ships introduced to increase safety, there is still a high number of accidents at
sea. Although shipping is becoming safer every year, in terms of the number of ships
lost (Porathe, Hoem, Rgdseth, Fjgrtoft, & Johnsen, 2018), the European Maritime
Safety Agency reported 3174 casualties and incidents in 2018 alone (EMSA, 2019).

Already in the mid-1980s, scholars described the challenges emerging in the work
cooperation between people and technology (Bainbridge, 1983; Morgan Jr, Glickman,
Woodard, Blaiwes, and Salas, 1986). Morgan et al. (1986) found that the interaction
between individuals in a navy bridge team was partly determined by interaction with
machines and machine procedures which left too little room for communication and
cooperation between the team members. They argued that standardized performance
of tasks can weaken the mechanisms that create the dynamics and flexibility pre-
sumed to strengthen a team’s capacity to handle uncertainty and ambiguity — the very
core situations that trigger sensemaking.
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There are many examples where the interaction with electronic navigation equip-
ment contributes to incidents and accidents (Chauvin, Lardjane, Morel, Clostermann, &
Langard, 2013; Nilsen et al., 2017). The grounding of Royal Majesty earlier in this
chapter is one example. Another example is the grounding of the Spain-registered bulk
carrier Muros in 2016, as it was on passage between Teesport, UK, and Rochefort,
France (MAIB, 2017). Although the route was planned and monitored using the ves-
sel’s Electronic Chart Display and Information System (ECDIS), the “system and pro-
cedural safeguards intended to prevent grounding were either overlooked, disabled or
ignored” (MAIB, 2017, p. 20). For example, the track over Haisborough Sands was
not planned or checked in an appropriate scale chart and the audible alarm and guard
zone was disabled. The report states that “The ECDIS on board Muros had not been
used as expected by the regulators or equipment manufacturers” (MAIB, 2017, p. 22).
The latter sentence demonstrates a gap between how regulators and equipment manu-
facturers imagine work on board a maritime vessel is performed and how the seafar-
ers actually go about solving their daily tasks. As the design of maritime technology
often lack usability (Liitzhoft & Vu, 2018), it hampers rather than help the navigator’s
sensemaking.

Despite today’s extensive knowledge about how design of technology influ-
ence work performance and safety, the human—technology interaction problems
persist (Strauch, 2017). Part of the challenge in the maritime sector is the many
stakeholders and processes involved in the design of a ship’s bridge, like regula-
tions, shipowners, classification companies, designers and equipment manufacturers
(Johnsen, Kilskar, & Danielsen, 2019; Jones, 2009; Liitzhoft & Vu, 2018; Meck,
Strohschneider, & Briiggemann, 2009; Merwe, 2016).

SENSEMAKING AND MEANINGFULNESS THROUGH WORK

The increasing digitalization and automation of work is a general trend in our soci-
ety. In the maritime sector, the development from a being a navigating navigator to
a monitoring operator of automated systems may have unintended consequences.
Introduction of new technology, automated systems and increasing proceduraliza-
tion of work are seen by experienced seafarers as “marginalisation of professional
competence, skills and judgements” (Kongsvik, Haavik, Bye, & Almklov, 2020).
Work is a central human activity and meaningful work is a fundamental human need
(Yeoman, 2014). Does it make sense to have a job where you are reduced to a set of
eyes and ears, where a particular sensory input should trigger the use of a particular
procedure? What makes work meaningful? Sensemaking is also the tool for which
people experience their work as meaningful. Individual’s perceptions of the signifi-
cance of their work, experiencing a sense of purpose through their work efforts, are
contributing to the experience of meaningful work (Rosso, Dekas, & Wrzesniewski,
2010). In turn, the meaning of work influences work motivation, behavior and per-
formance (Rosso, Dekas, & Wrzesniewski, 2010) which are all crucial for safety in
organizations (Gregory & Shanahan, 2017). The increasing automation of the work-
place not only causes problems like human out-of-the-loop (Endsley & Kiris, 1995),
automation surprise (Sarter, Woods, & Billings, 1997) and other issues concerning
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human-automation collaboration, it is a safety issue, as well as an ethical issue of
designing meaningful work for people.

SENSEMAKING IN SAFETY-CRITICAL SITUATIONS

The term safety-critical situation denotes situations that, if they go wrong, have a
large potential for causing harm to people, property or the environment. In the orga-
nization literature, the term “crisis” is also commonly used. Weick describes crises as
“low probability/high consequence events that threaten the most fundamental goals
of an organization” (Weick, 1988, p. 305). Events like this place strong demands
on sensemaking as they are often “characterized by ambiguity of cause, effect, and
means of resolution” (Maitlis & Sonenshein, 2010, p. 554). Several examples of sen-
semaking in these situations have been given throughout this chapter.

The studies of sensemaking in crises have been on both sensemaking as it unfolds
during a crisis and how sense is made of crises after they happened (Maitlis &
Christianson, 2014). The latter often draws on public inquiry reports and other docu-
ments that “have constructed an account of what happened, why it happened, and
who was responsible” (Maitlis & Sonenshein, 2010, p. 554). Public inquiries can say
something about the shared sensemaking process after a crisis and they may enable
organizational learning (Brown, 2004, 2005; Maitlis & Sonenshein, 2010).

Research on sensemaking during crisis has included a range of sectors, from the
space sector (Dunbar & Garud, 2009; Stein, 2004) and the air force (Snook, 2000) to
mining (Wicks, 2001), climbing (Kayes, 2004) and entertainment events (Vendelo and
Rerup, 2009). Weick analyzed the Bhopal accident (Weick, 1988, 2010), the Tenerife
air disaster (Weick, 1990), the Mann Gulch fire (Weick, 1993) and the medical disas-
ters of Bristol Royal Infirmary (Weick & Sutcliffe, 2003). Maitlis and Sonenshein
(2010) found that the two central themes underlying sensemaking in crisis and change
conditions are shared meanings and emotions. The criticality of shared meanings can
be illustrated by a recent example of breakdown in team sensemaking.

BREAKDOWN IN TEAM SENSEMAKING

The social aspect of sensemaking was discussed earlier in this chapter. Klein et al.
(2010) discussed the social aspect as team sensemaking, defined as “the process by
which a team manages and coordinates its efforts to explain the current situation and
to anticipate future situations, typically under uncertain or ambiguous conditions”
(Klein et al., 2010, p. 304). Klein describes it as a macrocognitive function as it is the
team rather than individuals that perform the sensemaking. A successful outcome of
the team sensemaking process is a collective understanding of the situation which
accommodates decision-making. Klein et al. (2010) points out that team sensemak-
ing is not new or different type of sensemaking, it is about “the coordination of the
team members as they seek data, synthesise the data and disseminate inferences”
(Klein et al., 2010, p. 304). Sensemaking at the team level requires additional coor-
dination and is more difficult to accomplish than individual sensemaking. According
to Klein et al. (2010), breakdown in team sensemaking may more often contribute to
accidents than sensemaking at the individual level as “Most failures can be traced to
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a breakdown in team sensemaking where critical cues were ignored and the teams
failed to synthesise the existing information”. The latter sentence may be a good
description of what happened on the bridge of the frigate HNoMS Helge Ingstad
before it collided with the tanker Sola TS in Hjeltefjorden on November 8, 2018
(AIBN, 2019). The comprehensive report from the accident investigation board takes
into account a broad set of factors contributing to the accident, like organizational
factors, leadership, teamwork, training and technology, on the frigate and the other
involved actors Sola TS and the Fedje VTS (AIBN, 2019). But as a case of breakdown
in team sensemaking, it is interesting to take a look at what happened on the bridge
of HNoMS Helge Ingstad minutes before the collision.

On the bridge of HNoMS Helge Ingstad, the structure of team sensemaking was
hierarchical (Klein et al., 2010). In such a structure, the data should flow from differ-
ent sources to a common node, in this case the officer of the watch (OOW), who puts
the pieces together and directs the search for new data. The OOWs role was being
responsible for conveying a clear and authorative picture of the situation (AIBN,
2019). To use Kleins’ vocabulary, the OOW was the data synthesizer, which is a dif-
ficult task as the relevant information resides in different places.

During the watch handover sometime between 03:36 and 03:53, the OOW about
to be relieved and the oncoming OOW observed an object (the tanker Sola TS) at
the Sture Terminal starboard of the frigate’s course line. It was observed both visu-
ally and on the radar display, however shown as an Automatic Identification System
(AIS) signal without speed vector. During discussion between the two OOWs, they
formed a clear perception (selected a frame) that the “object” was stationary near
the shore. According to the data/frame theory of sensemaking (Klein et al., 2007)
when a frame is selected it is used to guide further information seeking. During the
handover, the first opportunity to gather further data was missed as they did not use
the AIS to obtain more information about the “object”. The relieving OOW’s mental
model was from this point very stable and the subsequent data-seeking and actions
were based on his selected frame of reference.

Since the “object” was understood as stationary, it was not tracked by any of the
radars; hence the bridge system did not generate any alarms to indicate that the ves-
sel was on collision course with Sola TS. The “object” was primarily observed visu-
ally, and when Sola TS first started maneuvering out from the quay, this was done
so slowly that it was difficult to perceive any movement from the bridge on HNoMS
Helge Ingstad. Further visual observations by the bridge crew did not change the
impression of the “object”. None of the bridge team members saw the navigation
lights on Sola TS; they only observed the strong deck lights. When the OOW saw that
a little distance had appeared between the shore and the “object” on the radar, this
cue was explained by assuming that the distance between the shore and the “object”
on the radar screen was due to the frigate having come closer to the point which the
“object” lay alongside.

The information the OOW received from the rest of the bridge team gave no indi-
cation that the “object” posed any risk to the voyage. The team’s capacity to monitor
the traffic situation was reduced due to a temporary unmanned starboard lookout
position. In addition, the OOW and the bridge team were focusing on training activi-
ties and on the three vessels approaching in the opposite direction on the port side of
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HNoMS Helge Ingstad. These vessels had been observed visually and tracked in the
bridge system. Of those present, only the helmsman had identified the lights ahead on
starboard side as belonging to a moving vessel. However, he did not disseminate this
observation; he assumed that the OOW and the rest of the bridge team were aware
of it being a vessel, since it should be observable on both AIS and radar. A minute
before the collision, the pilot on board Sola TS made a direct call on VHF requesting
HNoMS Helge Ingstad to alter course to starboard. The OOWs understanding was
that there was not enough room to pass on the shore side of the “object” and assumed
that the call was from one of the three northbound vessels approaching on port side.
He responded by saying that they could not turn to starboard. By the time the OOW
understood that the “object” giving off light was moving and on direct course to col-
lide it was too late, and at 04:01:15, HNoMS Helge Ingstad collided with the tanker
Sola TS (AIBN, 2019).

In hindsight it is easy to see that the cues and the weak signals of danger were
there: the AIS signal, the radar echo, information on VHF and the visual informa-
tion. However, at the time the selected mental frame of the OOW and the rest of the
bridge team were used to guide information seeking. According to the data/frame
theory of sensemaking (Klein et al., 2007), a surprise or an inadequacy in an existing
frame will lead individuals to either actively obtain more relevant data to improve the
frame, replace the frame with a more relevant one, construct a new frame or preserve
the frame by explaining away or distorting the data. In this case the frame was pre-
served, and it directed expectations and what counted as data. The one team member
that had made sense of the visual information was not able to share this information
with the team and as such the team was “less sensitive to the weak signals than the
most sensitive of their individual members” (Klein et al., 2010).

ADAPTIVE SENSEMAKING

As we have seen, sensemaking can be both helpful and harmful in safety-critical sit-
uations. Maitlis and Sonenshein (2010) argue that adaptive sensemaking is necessary
for sensemaking to be helpful especially in crisis. Adaptive sensemaking is enabled
when emotions are moderately intense, not too negative but not too positive either.
Emotions can provide valuable information to a sensemaker and should be intense
enough to be noticed. However, the capacity for anxiety toleration is important for
the ability to make sense of a situation (Stein, 2004).

According to Maitlis and Sonenshein (2010), another enabler of adaptive sense-
making is the two processes of updating and doubting. Updating has to do with
gathering new information and revising interpretations while doubt is a reminder of
constantly generating new understandings. A finite sense of a situation is never made
as things are always changing (Maitlis & Sonenshein, 2010).

Adaptive sensemaking is related to improvisation. The ability to improvise has
been connected to resilience (Weick & Sutcliffe, 2015). Skill in improvisation, as
well as having the flexibility to use it, increases the potential actions available in
people’s repertoire, meaning they can act on a greater variety of situations and sur-
prises as well as broaden the range of cues that can be noticed (Ibid). The connection
between sensemaking and resilience has been made by several scholars, in the sense
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that sensemaking creates resilience but also that sources of resilience help to make
sense of the situation (Kilskar, Danielsen, & Johnsen, 2020).

CONCLUSION

This chapter reviewed sensemaking literature and defined sensemaking as “a process,
prompted by violated expectations, that involves attending to and bracketing cues in
the environment, creating intersubjective meaning through cycles of interpretation
and action, and thereby enacting a more ordered environment from which further
cues can be drawn” (Maitlis & Christianson, 2014, p. 67). The cognitive sensemak-
ing process of creation, interpretation and enactment is described, highlighting that
sensemaking is about partly creating the environment or situation to make sense of
(Weick, 1995). Sensemaking is most often described as being triggered by ambigu-
ous or surprising events influenced by expectations, emotions, embodied sensations,
technology, the social context for sensemaking as well as identity. Safety-critical
situations or crisis are especially demanding for sensemaking. Sensemaking should
be adaptive to be helpful in these situations (Maitlis & Sonenshein, 2010).

In the context of sociotechnical systems, the sharp end operators, like navigators,
are confronted with dynamic evolving situations and complex stimuli. According to
Klein et al. (2007), sensemaking contributes to our understanding of human behavior
at a macrocognitive scale needed to understand and design complex cognitive sys-
tems. As such it should be a useful perspective for both accident analysis and for the
future design of safety-critical systems.

There are several areas where future research could develop the sensemaking
concept or perspective further (Maitlis & Christianson, 2014; Sandberg & Tsoukas,
2015). In line with Sandberg and Tsoukas (2015), this review found that there are
relatively few studies investigating how technologies influence sensemaking, espe-
cially how the design of technology can hamper or support sensemaking in high-risk
industries, like the maritime sector. The design of technology is part of a general
trend with increasing digitalization and automation of work. An interesting direction
for future sensemaking research would be to investigate how meaningful work can
be designed in this context and how meaningfulness relates to resilience and safety.
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Abstract. Over the last decades there has been a steady increase in digitalized
products, applications and services introduced to ship’s bridges with the intent
to reduce workload and increase safety. However, new technology come with
unexpected effects. The current study involves data collected from field trips on
board five ships and semi-structured interviews with 21 seafarers. The results show
that the human-technology interaction on ship bridges still is a challenge for the
seafarers. However, the seafarers see it as part of their professional role to manage
and adapt to the equipment or system they have at hand to get the job done. In this
paper this ability to handle and make sense of technology is analysed through the
notion of seamanship. To find ways to reduce the gap between technology-as-used
and technology-as-designed future research should be directed towards the many
stakeholders involved in ship bridge design.

Keywords: Human-technology interaction - Maritime domain - Ship bridge
design - Seamanship - Sensemaking

1 Introduction

Over the last decades there has been a steady increase in digitalized products, applications
and services introduced to ship’s bridges with the intent to reduce workload and increase
safety. However, new technology may come with unexpected effects, as Bainbridge
pointed out already in the 1980’s [1]. Technology and automation does not simply
replace human work, it also changes the tasks it was meant to support and creates
new possibilities and forms of “human error” [2, 3].

An accident in Singapore Strait in 2017 may serve as an illustration. A warship was
overtaking a tanker when the warship had a perceived loss of steering. Onboard the
warship bridge steering could be controlled from four Integrated Bridge and Naviga-
tion Systems (IBNS) as well as one in the emergency aft steering compartment. During
transfer of the propulsion control from one bridge station to another, the steering was
also accidently included. The helmsman declared he had no steering and the command-
ing officer ordered manual emergency steering to be taken over by the aft emergency
steering compartment. The ship had two steering emergency-override-to-manual buttons
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(called the “big red button” by Navy crewmembers), one on the central steering console
on the bridge and one in the aft emergency steering compartment. Pushing the button
would immediately transfer steering control to the station where the button was pushed.
However, the bridge crew though that by pressing the bridge “big red button”, steering
was sent to the emergency steering compartment in the aft. So, when the commanding
officer ordered steering to be taken over by the aft compartment, the aft crew pushed
their button and gained control. Almost simultaneously the helmsman pushed the bridge
“big red button” thinking he had sent the control to the aft, while in reality retaking
control to his bridge console. Hence, the aft crew who thought they had control, did not
and the helmsman thinking he had no control stopped trying to steer. Meanwhile, the
vessel unintentionally turned to port into the path of the tanker and collided. The design
of the IBNS was identified as a contributing factor to the accident [4].

The maritime sector is diverse and consist of many stakeholders that in some way
influence ship bridge design. In this paper we look at the sharp end, how seafarers handle
and make sense of technology on the bridge through the notion of seamanship.

The paper is structured as follows: in the next section, we present the theoretical
foundation for the analysis, Sect. 3 outlines the methodological approach for the study.
The results and discussion are presented in Sect. 4, followed by the conclusions in Sect. 5.

2 Theoretical Foundation

This section presents the theoretical foundations for the analysis, sensemaking and
seamanship.

2.1 Sensemaking

The concept of sensemaking is influential in organization studies. Sensemaking is the
transient process through which people assign meaning to issues, events or to their
environment [5]. Sensemaking is triggered by cues that are actively extracted from
peoples lived experience. The cues are noticed based on previous experience or existing
cognitive frames. The cues are “seeds from which people develop a larger sense of
what may be occurring” [5]. The cues are interpreted, and action is taken. The actions
create a slightly different or new environment to continue to make sense of, a process
known as enactment [5, 6]. This is an ongoing cycle where “people construct provisional
understandings that they continuously enact and modify” [6].

Sensemaking is often described as triggered when people confront events or issues
that are somehow surprising, confusing or violate expectations [5, 6]. However, sense-
making also occurs non-episodically during routine work. This is a form of mundane or
immanent sensemaking where “people go on doing the things they routinely do without
deliberately thinking about how they do them.” [7]. Sandberg and Tsoukas [7] connects
immanent sensemaking to absorbed coping, something especially found amongst experts
that are “as one” with their work, continuously acting in response to their sense of the
situation.

Sensemaking is both an individual process going on in peoples’ head as well as a
social process where people actively shape each other’s meanings [5]. Weick [5] argues
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that even individual sensemaking is influenced by the actual or implied presence of other
organizational members.

As “people can make sense of anything” [5] there is an infinite number of factors
that can influence sensemaking. Technology is one factor that has been found to trigger
sensemaking about the technology itself, how to respond and engage with it as well as
influence how sense is made of professional relationships and professional identity [7].
Identity is another central factor influencing sensemaking. People will often attempt to
make sense of events in ways that respond to their need of maintaining a consistent,
positive self-conception [8].

2.2 Seamanship

The professional culture among seafarers is denoted seamanship. This is a notion without
a specified or agreed-upon definition. The term is used in several different areas, from
textbooks and maritime regulations, to accident investigations and in the media. These
understandings are not necessarily consistent with how seafarers understand or use the
term [9]. According to Knudsen [10] seamanship is “a blend of professional knowledge,
professional pride, and experience-based common sense”, as well as having a social and
ethical dimension.

Antonsen [11] conducted a survey on the meaning of good seamanship with 258 sea-
farers. The most frequent characteristic given was the ability to maintain social relations
and community, followed by work performance, in this case referring to working safely
and with high quality. Other responses included individual properties, such as being
independent, responsible and reliable, and competence - mainly referring to practical
sailing experience.

Good seamanship is mainly developed through experience. Traditionally, seafarers
training from novice to expert has been based on practice and a learning process based
on socialization [12]. The developed experience and knowledge form a basis for using
common sense and exercising good judgement which are central aspects of seamanship
[10, 13]. Troubleshooting is another part of this picture, and according to Lamvik [14] it
is a necessary, expected and highly appreciated aspect of seamanship. To be able to find
solutions and make do with whatever you have at hand is important when spare parts or
other forms of help are miles or days away.

Professional identity is central to seamanship, for instance in the sense that it sepa-
rates “real seafarers” from those who are not, mainly the people in onshore organisations
[9]. Professional identity is dynamic, and the traditional notion of seamanship has proba-
bly changed over the last decades due to technology development and proceduralisation
[13].

3 Method

This study has a qualitative approach as the interest is in the seafarer’s view of the design
of technology they work with on the bridge. The main topic for the data collection con-
cerned the informants experience and opinions about the technology available mainly on
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the ship bridges they currently worked on, but they would also referred to previous expe-
riences from other ships they had worked on. The questions were open-ended allowing
the informants to speak freely about different aspects of their work on the bridge. The
questions included how design of technology hamper or support their daily tasks, what
kind of influence seafarers have on design and equipment available, as well as their take
on the notion of seamanship.

3.1 Procedure

Data was collected onboard five ships, including observation and interviews with a total
of 21 officers. An overview of the data collection and methods is given in Table 1. One
researcher visited two offshore supply vessels while they were sailing on the Norwegian
continental shelf. The ships were built in 2014 and 2016. Both vessels had four officers
onboard that participated in the study. Two researchers performed shorter visits onboard
three passenger ships, built in 1983, 1993 and 1996. Semi-structured interviews were
performed with two officers on each passenger ship. A focus group interview was per-
formed between lectures, with six coastal vessel officers, participating in a course at a
Norwegian education facility. Two researchers performed a semi-structured interview
with a master mariner and lecturer in nautical studies.

Table 1. Overview of methods and data collection performed.

Location Method performed Approx time (hrs) | Informants
Two offshore supply | Observation 100 8 officers
vessels Informal unstructured and

semi-structured interviews

Three passenger ships | Observation 4 6 officers
Semi-structured interview

Onshore Focus group interview 1 6 officers

Onshore Individual semi-structured |2 1 officer
interview

Total: 5 ships Total: 21 officers

3.2 Data Management and Analysis

The audio recorded interviews were transcribed verbatim. The transcriptions and field
notes were read several times, followed by coding of the data material with the help
of NVivo software. Coding reduced the data by systematically examining the texts line
by line and assigning a descriptive code for each segment. The generated codes were
grouped into categories that were subsequently reviewed and organized. Two of the
resulting themes are presented and discussed in chapter four. All quotes are translated
from Norwegian. The data collection and management has been approved by NSD
— Norwegian centre for research data.
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4 Results and Discussion

This section will discuss two themes developed from the data that was found to be related
to sensemaking, seamanship and technology on the bridge; 1) Seamanship as seafarers
see and 2) Adaptation of, and adaptation to, bridge design.

4.1 Seamanship as Seafarers See It

The informants describe seamanship much in the same way as previous research have
reported. They emphasize individual capabilities where experience is crucial, in the
sense that education may be a foundation for seamanship, but it is mainly developed over
time through experience. They also highlight performing work properly, thinking ahead,
as well as continuously performing your own safety assessments. Social relations are
described as important both internally on the ship, but also involves acting considerately
and politely towards other vessels and people encountered at sea.

A recurring theme also in our data is to use common sense and think for yourself, as in
using your own good judgement. The informants describe their sensemaking as trusting
your own competence and experience in the form of seamanship to be able to notice the
relevant cues in the environment and continuously make sense of the situation at hand.
Seamanship in this sense was described by one informant as to “recognize situations
where you know alarm bells should be going off in your head, that’s something you
acquire over time”. The specificity of each situation requires situated solutions and was
specifically described as ‘not necessarily doing things by the book’.

When seamanship was discussed in relation to working with technology on board the
informants described it as the ability to assess the whole situation and not only the reality
as presented on screens: ‘that you actually pay attention to what is happening outside
and around you and not being busy with 300 screens overburdened with information
and alarms’. Several informants mentioned that they thought newcomers pay too much
attention to screens and that looking outside the windows is something they have to learn.
To look outside is important, not only to assess the whole situation, but the screens may
also take too much focus by presenting information that is not seen as important or
necessary for work execution. Another part of seamanship expressed was the ability to
sort out the important information from the abundance of information available on the
bridge. Although working with information technology is an important part of the job,
part of developing seamanship is to balance the attention between information presented
on screens and other types of information available in the work environment. The ability
to handle technology by adapting to it was very clearly expressed by one informant as
“to adapt to the system is seamanship in practice”.

4.2 Adaptation of, and Adaptation to, Design

The technology available on the bridge triggers seafarers’ sensemaking about the technol-
ogy itself and how it can be used to accommodate their job. The technology also triggers
sensemaking about “the others” - the people in land organizations that are responsible
for designing and implementing the technology on board.
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On board the older ship bridges we observed many examples of poor design. The
informants interviewed on shore describe the same problems. Some are directly con-
nected to human perception such as lacking the possibility to dim screens and other
lights that impair their night vision, or too many alarms having similar sounds. Regard-
ing usability, consoles are cluttered with little grouping of functions, too many buttons,
whereof many not functioning, and buttons and levers are too small and cumbersome
to work with. There are issues like poorly functioning touch screens, lengthy menus to
navigate through and too much unnecessary info on screens. Poor ergonomics is evident
as we observed officers climbing on consoles or standing on pallets to reach necessary
equipment. These issues still exist despite the knowledge, guidelines and to some extent
regulatory requirements on ergonomics and usability that are available today.

Alongside poor design another interesting finding was observed — adaptation of
the technology. The adaptations include self-made covers for dimming screens, partly
covering screens to cover unnecessary functions, covers over non-functioning buttons,
pallets to stand on, lengthening of levers, written notes, and adding equipment like
computer mouse. This adaptation of design may be seen as part of seafarers sensemaking
of the technology at hand. When workplace design is poor, seafarers make it work through
adaptation of design. We know that identity is a core factor influencing sensemaking.
The professional identity as a seafarer involves the pride taken in doing a good job as
well as being excellent at troubleshooting. The adaptations are seen as necessary to
avoid making mistakes and get the job done in a safe and practical manner. “You do
modifications because you know the bridge will not be replaced” as one informant puts
it. This statement refers to the fact that modifications are necessary, but it also illustrates
the belief that despite the seafarers’ dissatisfaction, the equipment will not be changed.
Being excellent at troubleshooting and finding creative solutions may in this sense be a
double-edged sword. For “the others” — the people in land-organizations the equipment
on board may seem to be working well, or at least well enough.

The poorly designed technology also triggered sensemaking about “the others” -
those who design, develop, and install equipment on ship bridges. The descriptions of
poor design were followed by frustration and the impression that the people on shore who
make design decisions do not have the knowledge or understanding of what is needed
on board, clearly illustrated by statements like ‘It probably worked well in the office’.

The two offshore supply ships were equipped with a recently developed integrated
bridge concept where the manufacturer had emphasized end-user involvement during
the development. In general, the informants working here describe the bridge as “well
arranged”, “you have everything you need around you” and that after working with
this bridge they could not imagine going back to a conventional bridge again. The visual
impression of this bridge environment was very tidy, clutter-free and very few adaptations
were observed. The crew appeared to have the necessary equipment readily available
when they were seated in their main working position.

The concerns that are raised regarding the integrated bridges are mainly on a higher
level, such as the integration makes it hard to understand, or gain control over, what
is going on behind the screens. Another concern is that integrated bridges make the
crew more dependent on the land-organizations. It is not possible for them to perform
maintenance or small adaptations as everything must be programmed into the bridge
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system by the manufacturer. This comes with a cost and thereby often is not prioritized.
This challenges the seafarers’ independence, responsibility and competence, all central
parts of seamanship.

One informant described the difference between the new integrated bridge he was
currently working with and an old ship he had worked on previously. He explains that it
took some time for him to “get used to” this bridge system. Although the old ship was
analogue and cumbersome to work with it did not bother him at the time because he
“was used to it”. However, after getting used to the integrated bridge, he now prefers the
new system. “Getting used to” reflects sensemaking both as a learning process as well
as an adaptation process.

It is reasonable to assume that many of the things that do not work well and cannot
be adapted could lead to new and possibly suboptimal ways of working. Adaptation
to design, where seafarers adapt their work to the system is a more tacit and invisible
response than the adaptations of design. However, as the quote “to adapt to the system
is seamanship in practice” illustrates this is also part of the notion of seamanship.

There was no systematic feedback loop from seafarers to land-organizations regard-
ing design found in our field studies. If there was a feedback loop, the adaptations that
seafarers perform could function as clues for designers, engineers and implementers of
design. However, the adaptations are mostly quite small, individual or specific solutions
to daily encountered problems and fixing these things may not mean that the system
improves as a whole. As one informant put it “I don’t know what I want, I only what I
don’t want”. As such, the adaptations should not be treated as direct design input, rather
a sign that the overall system is not working. To improve design on a system level would
require more thorough research like longitudinal ethnographic studies that could reveal
adaptations to design as well as user needs on a system-level.

5 Conclusion

This study found that seafarers see it as part of their professional role to manage the
equipment or systems on the bridge to get their job done in a safe and practical manner.
The necessary adaptations they do may not be visible to stakeholders on land as there
is no system in place for feedback from operations. Inadequate design is most vividly
described and observed on older retrofitted bridges. Retrofitted bridges seem to some
extent to develop randomly over time as equipment is replaced or added. The newer
bridges have fewer physical adaptations and the design is more positively referred to
by the crew. Still the technology development with layers of integrated systems are
perceived as a cause for concern where they lose sight of the real world behind the
screens.

There is a gap between those who design, develop, and install equipment on ship
bridges and the end-users — the seafarers. This is a finding that resonate with sim-
ilar research over decades. To reduce the gap between technology-as-designed and
technology-in-use, future research should study the blunt end of design. If the interest
and influence the many maritime stakeholders have in ship bridge design are revealed, it
should be possible to find where in the design process human-centred design activities
can be introduced.
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ABSTRACT

Shipping is an industry where accidents have potential catastrophic effect on humans,
the environment or material assets. The design of bridge equipment and the bridge
layout has a significant impact on the human-technology interaction on a ship’s bridge,
hence design is important for safety of navigation. This paper presents a review of 28
accident investigation reports from the last decade where design of ship bridge equi-
pment or bridge layout has been identified as contributing factors. Six categories of
design issues were identified: 1) Bridge layout; 2) Not using available electronic equi-
pment; 3) Unexpected use of electronic equipment; 4) Mode confusion; 5) Lack of
information about system status; 6) Trust in electronic equipment. The corresponding
investigation boards’ safety recommendations and the shipowners’ responses, mainly
concerned revising the safety management system, revising or introducing procedu-
res and checklists, as well as crew training. These responses place the responsibility for
an improved human-technology interaction on the human operator. The few recom-
mendations and actions that concerned improving design of technology where local
fixes that do not contribute to learning on organizational or system level.

Keywords: Ship bridge design, Human-technology interaction, Accident investigation

INTRODUCTION

Shipping is an industry where organizational accidents occur. Reason (1997)
describes organizational accidents as events that can have a catastrophic
effect on humans, the environment or material assets. Further, organizational
accidents occur within modern complex technologies, and they have multi-
ple causes, involving many people at different levels in their organizations
(Reason, 1997). Applying a systemic view on maritime accidents is not com-
mon, rather it is frequently reported that around 80% of maritime accidents
are caused by human error. However, Wrobel (2021) could not find evide-
nce for what he denotes the 80% myth. Navigating a ship is a complex task
that involves close interaction between the navigators and the technology and
artefacts available on the ship’s bridge. The design of the bridge equipment
and the bridge layout has a significant impact on this interaction (Oltedal &
Liitzhoft, 2018). This is recognized by the International Maritime Organiza-
tion (IMO) through the SOLAS V/15 regulation that requires human factors
considerations in ship bridge design (IMO, 2002). However, lack of usabi-
lity in the design of ship bridges and ship bridge equipment is a persistent
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challenge in the maritime industry (Costa & Liitzhoft, 2014; Millar, 1980).
This paper presents a review of 28 accident investigation reports from the
last decade where design of ship bridge equipment or bridge layout has been
identified as contributing factors. The objective of this review is to identify
what kind of design issues the investigators recognize, as well as how these
design issues have been followed up through the investigation boards’ safety
recommendations and the shipowners’ response.

MARITIME ACCIDENT INVESTIGATION

Flag states are responsible for carrying out maritime accident investigations
of accidents and incidents involving ships flying its flag or accidents occur-
ring within its flag state territory (IMO, 2008). Human and organizational
factors are included in the IMO guidelines to assist in the implementation
of the Casualty Investigation Code (IMO, 2013). The accident investigation
can be carried out by commissions or accident investigation boards within the
flag state. The objectives of the investigations are to determine the accidents
circumstances and causes, and to learn and prevent future accidents.

Studies of accident investigation reports have revealed design issues to be
contributing factors to accidents. For example, Puisa (2018) analyzed acci-
dents and incidents with passenger ships and found one of the prominent
issues to be incomplete hazard analysis during design. Especially design issues
that involve interactions between technology and people are either overloo-
ked or not communicated to the operator (Puisa, 2018). Inadequate bridge
design was also found to be one of the underlying factors in Sandhdland’s
(2015) study of accident reports from collisions between attendant vessels
and offshore facilities in the North Sea.

In 2021, the Danish and the UK Maritime Accident Investigation Boards
published a report from a study regarding the use of Electronic Chart Display
and Information System (ECDIS). The study was issued due to the many
investigations of groundings where a mismatch had been found between the
way seafarers used ECDIS and the intention in performance standards and
system design (MAIB & DMAIB, 2021). One of the reported challenges are
difficulties in using some of the ECDIS safety features leading crew either
to implement workarounds or ignoring the features. The report points tow-
ards structural flaws in the way new navigation technologies are designed
and implemented and recommend that principles for human-centered design
should be followed in the maritime industry (MAIB & DMAIB, 2021).

It is unquestionably valuable to study accidents in order to learn and to
prevent future accidents. However, the causes found in an accident inve-
stigation reflects the underlying accident models used by the investigators,
known as the “What-You-Look-For-Is-What-You-Find’ principle (Lundberg
et al., 2009). This is followed by the “What-You-Find-Is-What-You-Fix’ pri-
nciple, where the identified causes are turned into specific problems that can
be resolved by implementing a solution (Lundberg et al., 2009). Maritime
accident investigations are based on sequential accident causation models and
tend to focus on technical components and pay less attention to how human,
technological and organizational factors interact in sociotechnical systems
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(Schroder-Hinrichs et al., 2011). Hindsight bias is a problem in accident inve-
stigations (Dekker, 2002), and so without applying a systems approach to
investigations the possibility for learning may be limited even in preventing
a similar accident. When human error is found to be the cause, only local
responses like procedures and training is required, which is an impediment
to learning on organization or system levels (Woods et al., 2010).

METHOD

The accident investigation reports were obtained by searching through the
publicly available reports issued by the Accident Investigation Board Norway
(AIBN), the German Federal Bureau of Maritime Casualty Investigation
(BSU), the Danish Maritime Accident Investigation Board (DMAIB) and the
UKs Marine Accident Investigation Branch (MAIB). According to UNCTAD
(2022) these are the countries with the largest merchant fleet in North and
West Europe by country of beneficial ownership. The search was limited
to accidents occurring in the period 2010-2020. The investigation reports
that had identified and reported design issues as contributing factors to the
accidents were included. An overview of the selected reports is given in
Table 1.

The reported design issues, as well as the safety recommendations and the
shipowner’s response were identified in each investigation report and grouped
according to their themes. The resulting themes are presented and discussed
in the following sections.

RESULTS
Design Issues Identified in the Investigation Reports

The design issues described in the accident investigation reports was grouped
into six themes. It should be noted that the investigations often found several
of the categories contributing to the same accident, e.g., in the report regar-
ding the Commodore Clipper grounding, both bridge layout and unexpected
use of equipment was registered. Also, reports investigating collisions may
have reported design issues on board both ships involved.

1. Bridge layout was a design issue reported for 13 ships (MF Bognes, Stein-
bock, Stena Nautica, Victoria, Express 1, World Bora, Raba, Ice Rose,
Arrow, Red Falcon, City of Rotterdam, Commodore Clipper, MV Fin-
narrow). There were three ways bridge layout could be a contributing
factor to the accidents: a) The bridge layout hindered access to operate or
use equipment. For example, on board Red Falcon the Electronic Chart
System (ECS) and radar placement were not compatible with the natu-
ral manoeuvring position during single person operation; b) The bridge
layout hindered visual overview. For example, on Steinbock it was not
possible to have an all-round view from the helm as the funnel covered a
significant part of the view astern; ¢) The bridge was designed to accom-
modate several functions. For example, on board Express 1 the bridge
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Table 1. The accident investigation reports included in this study.
Name of vessel (s) Year of Accident Accident
Accident Type Investigation
Board
MV Godafoss 2011 Grounding AIBN
MEF Godfjord 2015 Grounding AIBN
MF Bognes 2016 Grounding AIBN
Aurora Explorer 2018 Allision AIBN
Steinbock and MV Minerva 2010 Collision BSU
MV Beluga Revolution 2010 Grounding BSU
Nils Holgersson and Urd 2012 Collision BSU
MYV Fransisca and MV RMS Bremen 2014 Collision BSU
Wes Janine and Stenberg 2014 Collision BSU
Pazifik 2018 Grounding BSU
Stena Nautica 2014 Allision DMAIB
Victoria 2017 Grounding DMAIB
Express 1 and Baltic Condor 2019 Collision DMAIB
World Bora and Raba 2019 Collision DMAIB
Ice Rose and Kazanets 2020 Collision DMAIB
MV Finnarrow 2013 Allision MAIB
Ovit 2013 Grounding MAIB
Commodore Clipper 2014 Grounding MAIB
City of Rotterdam and Primula Seaways 2015 Collision MAIB
Muros 2016 Grounding MAIB
Royal Iris of the Mersey 2016 Grounding MAIB
CMA CGM Vasco de Gama 2016 Grounding MAIB
Celtic Hav 2018 Grounding MAIB
Priscilla 2018 Grounding MAIB
Red Falcon and Greylag 2018 Collision MAIB
Seatruck Performance 2019 Grounding MAIB
Kaami 2020 Grounding MAIB
Arrow 2020 Grounding MAIB

had been designed as a combination of bridge, office and rest room which
was very disturbing for the navigators.

Not using available electronic equipment to assist in navigation was
reported for 10 of the ships (MV Godafoss, MF Bognes, Steinbock, MV
Beluga Revolution, Wes Janine, Stenberg, Seatruck Performance, Pri-
scilla, Cetica Hav, Royal Iris of the Mersey). For example, it was reported
that before MV Godafoss grounded the voyage was performed visually
with hardly any use of available navigational aids. The reason for not
using the ECDIS was that the master knew that the passage marked
on the electronic chart system was not accurate enough to be used as
a navigational aid in the applicable waters.

Unexpected use of electronic equipment was reported for eight of the
ships (MV Beluga Revolution, Kaami, Seatruck Performance, Priscilla,
Muros, CMA CGM Vasco de Gama, Commodore Clipper, Ovit). For
MYV Beluga Revolution the unexpected use concerned the GPS receiver,
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echo sounder and ECS. All the other cases concern the use of ECDIS. One
typical example of this was the grounding of Muros where the track was
not planned or checked on an appropriate scale chart, audible alarms and
the guard zone function were disabled, the use of ‘standard’ chart view
limited the information displayed. The term ‘unexpected use’ is inspi-
red by the following quote from the Muros investigation report: “The
ECDIS on board Muros had not been used as expected by the regulators
or equipment manufacturers.” (MAIB, 2017).

Mode confusion contributed to three of the accidents (MF Godfjord,
Aurora Explorer, Nils Holgersson). For example, to limit unwanted
vibrations due to a incorrectly adjusted port drivelines propeller pitch
on Aurora Explorer, it was decided to operate the vessel in combi-
nator mode during docking, and in back-up mode to reach cruising
speed between destinations. The most likely cause of the accident was
forgetting to re-engage to combinator mode before arrival to dock.
This caused the vessel to increase its speed ahead as the port side
maneuver handle was pulled astern, and the vessel collided with the
quay.

Lack of information about system status. Systems not providing infor-
mation about the system status to the navigators was found to be
contributing in two of the accidents (MV Finnarrow, Stena Nautica).
For example, on board Stena Nautica the steering arrangement allo-
wed the switch from one control station to another to be performed
without the watchkeeping crew having full knowledge of the helm
and rudder positions. The design of the centre hand steering wheel
was such that its position was not clearly indicated, especially at
night.

Trust in electronic equipment. Not verifying the position displayed on
the chart with other means like radar or visual bearings was reported to
be contributing to the collision between MV Fransisca and MV RMS Bre-
men. The investigation found there had been a GPS error. On both vessels
the officer in charge relied on the positions displayed on the electronic
chart and did not verify the satellite positions displayed with another
system, such as radar or visual bearings. This is the opposite issue as
those reported in category 2 where navigation was performed visually,
and electronic aids were not used.

Electronic charts, ECDIS or ECS, were the equipment type most frequently
occurring in the reported human-technology issues - they occurred in 14 of
the investigation reports. Several of the reports have limited descriptions of
the design issue. In some cases, it was reported that certain equipment has not
been used, but the reason for not using it was not addressed. It should also
be noted that typical for organisational accidents, the design issues were not
the sole contributing factors found by the investigators. Other contributing
factors were the cooperation between pilot and crew, bridge resource mana-
gement (BRM), fatigue, manning and external factors (fog or other vessels in
the vicinity).
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Safety Recommendations

The safety recommendations issued by the accident investigation boards were
in most cases directed to the shipowner or ship operator. Safety recommen-
dations were in some cases also directed to harbor commissions, maritime
and coastguard agencies, pilot associations, the Vessel Traffic Service (VTS)
and coastal administrations. In ten of the reports no safety recommendations
were issued due to actions already taken by the involved parties. In several
reports the investigation issued by MAIB and DMAIB (2021) was the reason
for not issuing further safety recommendations. 17 of the safety recommen-
dations directed to shipowners or operators advised a revision of the safety
management system (SMS), procedures or checklists. Four reports recom-
mended ECDIS or BRM training. Five reports had safety recommendations
addressing the design issues:

. The owner of the Aurora Explorer was recommended to carry out and
document risk assessments of operational changes.

. The owner of the City of Rotterdam was recommended to inform the crew
and pilots about the risk of spatial distortion occurring due to the unusual
shape of the bridge, particularly when standing away from the centreline
or a navigation station.

« The owner of MV Finnarrow was recommended to ensure the status of
the fin stabilisers had sufficient procedural and visual checks to prevent
them being left deployed when the vessel enters port.

« The owner of Red Falcon was recommended to review the method of
determining the orientation of the vessel displayed on the ship’s electronic
chart system and to ensure that the system was not solely reliant on the
operation of a toggle switch.

. The investigation report regarding the grounding of Ouvit was the only
report having a safety recommendation to an equipment manufactu-
rer. They were advised to improve the management of safety critical
information in their ECDIS system.

Shipowners’ Response

The shipowner’s actions taken after the accidents were reported in 25 of the
28 accident investigation reports. In most cases the response was a combi-
nation of several actions. The solution used in most cases (19 reports) were
revising existing or introducing new procedures and checklists. Performing
BRM training or ECDIS training was reported in 13 reports. Distributing
a circular, report or safety bulletin about the accident was reported in 12
investigation reports. In eight cases the shipowners reported doing a change
or upgrade of bridge equipment or bridge layout (in addition to training,
circulars and procedures):

« Arrow: The ECS system was upgraded.

« Aurora Explorer: The setup of the manoeuvring system was changed
and the pitch on the propeller was adjusted back to system supplier’s
recommendations.
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. City of Rotterdam: A bow tip marker on the centreline immediately ahead
of the centre bridge window was installed to provide a reference point
from any position on the bridge. The length of the VHF handset wires
was increased to enable the radios to be used from the forward centreline
conning position. Notices warning of relative motion illusion was posted
in several positions.

« Commodore Clipper: An ECDIS repeater display was fitted at the chief
officer’s position.

« Express 1: Equipment was moved, and workspaces re-arranged so only
navigation is performed on the bridge.

« Nils Holgersson: The button for triggering the automated crash stop
sequence was made bigger and apart from other buttons.

« Red Falcon: The positioning of the radar units was adjusted on all ‘Raptor’
class vessels so that they are more visible to the person conning the vessel
from the side of the forward and aft manoeuvring consoles.

o Stena Nautica: The old hand steering wheel was placed on top of the
new one. A counterweight was placed on the wheel to force it to neutral
position and a fixing hook was added to keep wheel centred.

DISCUSSION

Human and organizational factors are part of the IMO guidelines for mari-
time accident investigations (IMO, 2013). Design of technology is an impor-
tant part of the ship bridge sociotechnical system. As such, the identification
of design issues in maritime accident investigations are an important step
towards improving and managing this risks in the sociotechnical system. The
question remains of what can be learned from these investigation reports.
The review of the 28 reports in this study resulted in six categories of human-
technology cooperation issues. These issues are consistent with design issues
previously found in maritime as well as other high-risk industries (Oltedal
& Lutzhoft, 2018; Woods et al., 2010). For category 2 and 3, not using
or unexpected use of electronic equipment, ECDIS was by far the most fre-
quently occurring equipment. The recently published study report by MAIB
and DMAIB (2021) regarding the use of ECDIS, pointed at several challenges
faced by navigators due to the inadequate design of ECDIS. The report found
that these challenges led the users to implement workarounds and a minima-
list approach, seen in the investigation reports as non-use or unexpected use
of equipment. The report by MAIB and DMAIB points towards structural
flaws in the way new navigation technologies are designed and implemented
and recommend that principles for human-centered design should be fol-
lowed in the maritime industry. This conclusion is valid also for the other
design issue categories identified in the investigation reports. The underlying
common theme for all six categories is that those who design, purchase and
install ship bridge equipment does not have a sufficient understanding of the
navigator’s work tasks and work context, i.e., the end-user needs.

The accident investigation boards’ safety recommendations and the shipo-
wners’ response to the accidents were mainly revising the SMS, revising or
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introducing procedures and checklists, as well as crew training. These respon-
ses put the responsibility for an improved human-technology interaction on
the human operator. The assumed solution is that the human should adapt
better to the technology rather than adapting technology to better support
the human.

Safety recommendations that addressed the identified design issue from
the point of view that design of technology should be changed or reviewed,
were found in five of the 28 investigation reports. Shipowners addressing
the design issue by doing something with the design or bridge equipment
was reported in eight of the investigation reports. However, both the safety
recommendations and the actions by shipowners were local fixes to make
sure the exact same accident will not happen again. For example, installing a
bow tip marker on the centerline and posting notes to warn about the possi-
bility of relative motion illusion on board the City of Rotterdam, or placing
a counterweight on the wheel to force it into neutral position and adding a
fixing hook to keep wheel centred on Stena Nautica. Such local fixes will
not prevent other potential design flaws to combine with other events and
create new accidents in the future. The only report explicitly recommending
improving design was the Ouvit investigation report, where the equipment
manufacturer was recommended to improve their ECDIS design.

For the maritime industry to learn from accidents and improve future
bridge design, it is important that design issues are not only identified by
the investigators, but they should also be described and investigated in more
detail. In addition, applying a systems approach to accident investigations
may contribute to investigate beyond the cause ‘human error’ and recom-
mend solutions and lessons learned on an organizational or system level. The
lessons to be learned should be fed back in a useful way to the relevant stake-
holders, like regulators, designers, purchasers and installers, so new designs
can possibly become more human-centered. Human-centred design may add
value for both seafarers and shipowners (Costa & Liitzhoft, 2014) and design
considerations should be part of managing risk in any company.

CONCLUSION

This paper reviewed maritime accident investigations where design issues
have been identified as contributing factors. The design issues were catego-
rised in six categories: 1) Bridge layout; 2) Not using available electronic
equipment; 3) Unexpected use of electronic equipment; 4) Mode confu-
sion; §) Lack of information about system status; 6) Trust in electronic
equipment. The investigation boards’ safety recommendations and the shipo-
wners’ responses mainly concerned revising the SMS, revising or introducing
procedures and checklists, as well as crew training. The few recommendati-
ons and actions that concerned improving design of technology were local
fixes that do not contribute to learning on organizational or system level.
The increasing instrumentation and digitalization of ship bridges during
the last decades has changed the work environment of navigators conside-
rably. These relatively rapid changes in ship technology does not seem to
have been accompanied with usability concerns at the same pace, and the
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operational consequences of new ship bridge design are thus being shouldered
by the navigators.
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Abstract

Navigating a ship is a complex task that requires close interaction between navigators and technology available on the ship’s
bridge. The quality of this interaction depends on human and organisational factors, but also on technological design. This
is recognized by the International Maritime Organization (IMO) through the SOLAS V/15 regulation that requires human
factor considerations in bridge design. The objective of this paper is to investigate how tensions between the main stakehold-
ers’ interests and perspectives in ship bridge design may influence the achievement of the goals set forth in the SOLAS V/15
regulation. This objective is explored through a qualitative study in the maritime industry, involving seafarers, shipowners,
and equipment manufacturers. We find suboptimal ship bridge design usability to be connected to structural characteristics
of the maritime sector, where different aims and perspectives between core stakeholders impairs alignment with respect to
conception of work-as-done in the operative environment. We also find that profitability is a major driver for the blunt end
stakeholders, for whom the relation between usability and profitability is perceived as a trade-off rather than of synergy.
We conclude that there is a need to develop processes, enablers, and management tools to (1) update the understanding of
the professional competence needed in the technology dense work environment on ship bridges today; (2) strengthen the
maritime stakeholders’ awareness of the advantages of human-centred design (HCD) which are both operator well-being
and system performance; (3) enable implementation of HCD into existing design and development processes; (4) provide
metrics for business cases enabling informed ergonomic investment decisions.

Keywords Ship bridge design - Human-centred design - Usability - Maritime human factors - Human—technology
interaction - Work-as-imagined/work-as-done

1 Introduction

Shipping is a vital part of our society as about 90% of the
worlds trade in goods and materials are transported by ships.
Shipping is also a high-risk industry; ship incidents and

The first part of the title is a quote from a shipowner informant,
reflecting how seafarers are expected to bridge the usability gaps
stemming from suboptimal technical design.
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accidents can have major consequences for human lives, the
environment, as well as the economy. Fortunately, the mari-
time safety is improving; according to Allianz Global Cor-
porate and Specialty (Allianz Global Corporate & Specialty
2021), the total loss of ships globally is steadily decreasing,
down by 50% over the last decade, from 98 total losses in
2011 to 49 in 2020.! Although this is a positive develop-
ment, there are still human lives lost at sea and the effort to
improve safety in the maritime sector should continue. The
European Maritime Safety Agency (EMSA) recorded 6210
injuries and 496 lives lost in the period 2014-2019 (Euro-
pean Maritime Safety Agency 2020). The fatalities were
mainly reported to occur during collisions, which is one of
the categories EMSA denotes as ‘accidents of navigational
nature’ (European Maritime Safety Agency 2020).
Navigating a ship is a complex task that involves close
interaction between the navigators and the technology and

! Vessels over 100 GT.
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artefacts available on the ship’s bridge (da Conceicao et al.
2017; Hutchins 1995). Ship bridge design has a significant
impact on the cooperative work and its output (Liitzhoft and
Vu 2018). Still, when maritime accidents occur, the cause
is often attributed to ‘human error’. It has been estimated
that ‘human error’ has been a contributing factor in 75-96%
of marine incidents (Dhillon 2007; Rothblum 2000), thus
portraying humans as a major problem in the maritime sys-
tem. However, the contributing factors found in accident
investigations reflect that the investigations are performed
with an underlying set of assumptions about why accidents
happen (Lundberg et al. 2009). Maritime accident investiga-
tions tend to pay less attention to how human, technological
and organizational factors interact in sociotechnical systems
(Schroder-Hinrichs et al. 2012), and such omissions may
be an impediment to learning from the accidents (see, e.g.,
Marine Accident Investigation Branch 2017), as well as
learning from that which works well.

Dekker (2005) has argued extensively against using
‘human error’ as an isolated cause of incidents and acci-
dents. Among the arguments is the occurring empirical
observation that human actions take place in material and
technological contexts that afford and invite to ways of work-
ing that are not always considered in the design phase. While
new technical solutions often get the credit for improved
safety, but not the blame for the accidents that happen, Dek-
ker and the field of resilience engineering calls for a more
balanced view on both successes and failures in sociotechni-
cal systems.

That design can contribute to ‘human error’ was seen in
the collision between the City of Rotterdam and the Prim-
ula Seaways in the river Humber in 2015 (Marine Accident
Investigation Branch 2017). The City of Rotterdam had an
unconventional design with a hemispherical shape of the
bow, intended to reduce wind resistance and provide bet-
ter fuel economy. As a result, the window in the vessel’s
bridge tilted inwards at the top and only the front window
on the centreline looked ahead, all the other windows framed
a view off the centreline axis. In the situation leading up to
the accident, the City of Rotterdam was on the port side of
her intended track due to the wind and the tidal stream. The
pilot intended to manoeuvre the ship further to starboard
to pass the oncoming ship port to port, and while doing
so he communicated with both the Humber Vessel Traffic
Service and the Primula Seaways over very high frequency
(VHF) radio. The VHF radio was located below a window
on the starboard side, which was off the vessel’s centreline
axis. Looking out of this window the pilot experienced a
relative motion illusion in which the vessel appeared to be
heading in the direction he was looking. The pilot made
course corrections and believed that the vessel was heading
towards the starboard side of the navigation channel, but the
heading was not altered significantly beyond the axis of the
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channel. Hence, the City of Rotterdam remained on the port
side of the channel, and when this was realized it was too
late to make the necessary course corrections. As a result,
the ship collided with the inbound Primula Seaways, port
bow to port bow. In the accident investigation report the
Marine Accident Investigation Branch (MAIB) points out
that although innovations in ship design have the potential to
make positive contributions to safety, a stricter adherence to
the ergonomic principles in SOLAS V/15 should have been
applied in this case (Marine Accident Investigation Branch
2017). The accident investigation found that several pilots
found piloting the vessel ‘disconcerting’ or ‘uncomfortable’
due to the design of the bridge. The report states that operat-
ing this ship for several years without navigational accidents
was largely due to adaptations and coping strategies by the
crew and pilots, such as placing a cord on the centreline
window and a strategy of mainly standing behind the centre-
line window (Marine Accident Investigation Branch 2017).
Still, both the pilot and the master of the City of Rotterdam
received suspended sentences of 4 months in prison for their
involvement in the collision.

The design effort in this case was done with fuel saving
as a goal and the unintended consequences of the design
on other parts of the work system were not understood by
designers, shipowner, or the regulators. The concerns raised
by pilots and crew and their adaptations to cope with the
design could have been a cue for understanding that this
design represented a vulnerability in the system. The blam-
ing of sharp-end operators for such accidents shows that
there are still improvements to be made in the understanding
of the human element in the maritime industry (Hethering-
ton et al. 2006).

The current study is part of a research project focusing on
how sensemaking in the sharp end of maritime operations
can be supported by human-centred design of safety—criti-
cal systems. Human-centred design aims at making systems
usable and useful by focusing on the needs and requirements
of the users (International Organization for Standardization
2010).

The International Maritime Organization (IMO) has in
regulation V/15 in the international convention for the Safety
of Life at Sea (SOLAS) implemented human factor consid-
erations in its ‘principles relating to bridge design, design
and arrangement of navigational systems and equipment
and bridge procedures’ (International Maritime Organiza-
tion 2002). However, lack of usability in the design of ship
bridges and ship bridge equipment is a persistent challenge
in the maritime industry (Costa and Liitzhoft 2014; Liitzhoft
2004; Millar 1980). The objective of this paper is to inves-
tigate whether differences in the main stakeholders’ inter-
est and influence on usability in ship bridge design, as well
as their perspective on work and professional competence,
may influence the achievement of the goals set forth in the
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SOLAS V/15 regulation. This topic is explored through a
qualitative study of the maritime sector involving seafar-
ers, shipowners, and equipment manufacturers. The tensions
between the main stakeholders’ interests are implied by the
quote in the paper title from an interview with a shipowner
informant.

In the next two sections, we present the background infor-
mation for the study. Our methodological approach is pre-
sented in Sect. 4, while the results are presented in Sect. 5.
The findings are discussed in Sect. 6, followed by the con-
clusion of the study.

2 Background—design in regulation
and practice

2.1 Ship bridge design

Design is the specification of an object intended to accom-
plish goals within a particular environment, as well as sat-
isfying certain requirements and constraints (Ralph and
Wand 2009). Design is also often used to describe the
design object—the result of the specification in the form of
a product, system, or process. The design of a ship’s bridge
is the sum of the design activities undertaken by equipment
manufacturers for the different pieces of equipment, as well
as the procurement and integration process, where the dif-
ferent pieces of equipment are put together on the bridge
to form a complete ship bridge work environment. The use
of the technology by seafarers can be seen as a secondary
design process through their adaptation to and of technol-
ogy to make it work in practice (Carroll 2004; Hovorka and
Germonprez 2010).

2.2 Regulations guiding ship bridge design

The International Maritime Organization (IMO) is responsi-
ble for the international regulatory framework for the ship-
ping industry. The IMO exercises this responsibility through
a number of instruments, one of which is the International
Convention for the Safety of Life at Sea (SOLAS). Ship
bridge equipment is regulated through SOLAS Chapter
V, Safety of Navigation. Regulation V/19 outlines the car-
riage requirements for navigational systems and equipment.
Depending on the size of the ship, required equipment can
include magnetic compass, nautical charts (electronic and/
or paper), Global Navigation Systems (GNS) receiver, radar,
echo sounder, speed and distance measuring devices. The
equipment is subjected to type-approval as well as classi-
fication requirements by the classification societies, which
ensures its conformity against the applicable standards.

Regulation V/15 concerns ‘Principles relating to bridge
design, design and arrangement of navigational systems and
equipment and bridge procedures’. SOLAS regulation V/15
is the only requirement addressing human—technology inter-
action. This regulation sets forth that:

All decisions which are made for the purpose of apply-
ing the requirements of regulations 19, 22, 24, 25, 27
and 28 and which affect bridge design, the design and
arrangement of navigational systems and equipment
on the bridge and bridge procedures* shall be taken
with the aim of:

1. facilitating the tasks to be performed by the bridge team
and the pilot in making full appraisal of the situation
and in navigating the ship safely under all operational
conditions,

2. promoting effective and safe bridge resource manage-
ment,

3. enabling the bridge team and the pilot to have convenient
and continuous access to essential information which
is presented in a clear and unambiguous manner, using
standardized symbols and coding systems for controls
and displays,

4. indicating the operational status of automated functions
and integrated components, systems and/or sub-systems,

5. allowing for expeditious, continuous and effective infor-
mation processing and decision-making by the bridge
team and the pilot,

6. preventing or minimizing excessive or unnecessary work
and any conditions or distractions on the bridge which
may cause fatigue or interfere with the vigilance of the
bridge team and the pilot, and

7. minimizing the risk of human error and detecting such
error if it occurs, through monitoring and alarm systems,
in time for the bridge team and the pilot to take appropri-
ate action.

* Refer to Guidelines on ergonomic criteria for bridge
equipment and layout (MSC/Circ.982). Performance stand-
ards for IBS (resolution MSC.64(67); annex 1); and for INS
(resolution MSC.86(70); annex 3). (International Maritime
Organization 2002).

Human factor considerations are implemented in this reg-
ulation, and it also points to a set of further guidelines and
performance standards. Functional or goal-based regulations
have the potential to require a certain standard while still
allowing for innovations. However, these rather high-level
functional goals are not easily translated into measurable
goals for designers, auditors, and classification societies to
use.

The maritime industry is global and highly competitive
and the focus on cost and profitability (Stgrkersen et al.
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2017) often makes companies concentrate on how to be
auditable with the least effort (Almklov et al. 2014). Low
prioritizing of usability in bridge design may be connected
to a lack of routines and methods for performing cost-effect
estimations of ergonomic investments in shipping (Oster-
man and Rose 2015; Osterman et al. 2010). However, the
maritime industry is diverse and some parts of the sector,
for instance the offshore sector in Norway, is known to go
beyond compliance (Almklov and Lamvik 2018).

2.3 Stakeholders in ship bridge design

The ship design and construction processes are complex
and involve many stakeholders: seafarers, shipowners, naval
architects, classification societies, regulatory authorities,
shipbuilders, equipment suppliers, ship managers/operators,
unions, and insurers (Rumawas and Asbjgrnslett 2014). In
this paper the scope has been limited to three key stakehold-
ers: seafarers, shipowners, and equipment manufacturers.
The seafarers are the operators at the sharp end utilizing
the ship bridge design and equipment to do their job. The
work on the ship bridge can be described as a sociotechnical
system in which humans, organisational structures and tech-
nology must interact to provide a successful system outcome
(Walker et al. 2008). At the blunt end, shipowners are the
stakeholders that invest their money in the ship; they may
initiate shipbuilding and specify arrangements and equip-
ment to be installed. They determine which flag state and
which classification society is to be used and the operation
management. The equipment manufacturers are also part
of the blunt end. They have a significant impact on the ship
bridge work environment as designers and developers of
navigational and related ship bridge equipment. Research
has underlined that for human-centred design to be success-
ful in the shipping industry, the stakeholders’ collaboration
and the application of human factor knowledge and princi-
ples should be strengthened (Earthy and Sherwood Jones
2010; Mallam et al. 2017; van de Merwe 2016).

2.4 Human-centred design and usability
in the maritime industry

A framework for performing human-centred design (HCD)
is outlined in the ISO standard 1SO09241-210 (Interna-
tional Organization for Standardization 2010). HCD meth-
ods, where end users are involved throughout the design
and development process, generally contribute to usability
and operational efficiency of organizations (International
Organization for Standardization 2010). Usability is in this
standard defined as the ‘extent to which a system, product
or service can be used by specified users to achieve speci-
fied goals with effectiveness, efficiency and satisfaction in
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a specified context of use’ (International Organization for
Standardization 2010).

That design of technical systems on ships would ben-
efit from implementing human factor knowledge has been
argued by scholars for decades (Liitzhoft 2004; Millar 1980)
and continues to be called for (Ahola et al. 2018; Costa and
Liitzhoft 2014; Danielsen et al. 2021; Gernez 2019; Mal-
lam et al. 2015; Praetorius et al. 2015). Although seafar-
ers are very good at adapting to their environment, e.g., by
doing integration work (Liitzhoft and Nyce 2008), at times
the combination of incompatible technology and other
situational factors exceed human abilities and the resulting
‘human error’ lead to an incident or accident (Liitzhoft and
Dekker 2002; Nilsen et al. 2016; Puisa et al. 2018). Dekker
(2005) argue that humans contribute to safety provided they
are assisted by their system. Previous research has found
that it may be challenging for designers to develop an under-
standing of the end users and their work environment (Busby
and Hibberd 2002). Field research to inform design in the
maritime industries has rarely been performed, although
Lurés and Nordby (2015) argue that field research is para-
mount for designers to gain detailed knowledge about the
environment they design for. Different designers may have
very different perceptions of the navigator’s role in relation
to the technical systems (Meck et al. 2009). Of the different
approaches applied to improve ship bridge design, research-
ers have developed design guidelines and implementation
tools to contribute to cross-vendor integration and consist-
ent user interfaces (Nordby et al. 2019). Multidisciplinary
design may be challenging due to the differing fundamen-
tal understanding and practices between classic engineer-
ing and human factor disciplines (Petersen 2012; Petersen
et al. 2015) and it has been suggested to implement human-
centred design knowledge into maritime design engineering
education to bridge this gap (Abeysiriwardhane et al. 2016).
There are examples of human-centred design processes
being performed in the maritime industry (Bjgrneseth 2021).

3 Maritime design and safety—from
the blunt end to the sharp end

In his portrayal of accidents as a process developing from
the blunt end to the sharp end, Reason (1997) distinguishes
between active failures and latent conditions. In this theo-
retical model active failures occur due to sharp-end operator
actions instantly impairing barriers, while latent conditions
refer to decisions and actions taken by the blunt end—those
removed from the direct control interface but who still
affect the outcome, for instance regulators, manufactur-
ers, and managers. Reason exemplifies latent conditions by
manufacturing defects, maintenance failures, unworkable
procedures, clumsy automation, and poor design. Latent
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Fig.1 Swiss cheese model redrawn from Reason (1997). The layers
of defence (illustrated by cheese slices) may be physical, technologi-
cal, organizational, or human applications. The holes in the barriers
are created by active failures or latent conditions (Reason 1997)

conditions, such as the bridge design on board the City of
Rotterdam, can be present for many years in the system
before they combine with local circumstances and active
failures to allow an accident trajectory to penetrate the many
layers of defence (Fig. 1). The latent conditions can increase
the likelihood of active failures (Reason 1997) which in the
case of poor design are termed design-induced errors (Grech
and Liitzhoft 2016). Yet another way of understanding the
sharp end—blunt end relationship is that blunt-end decision-
makers are striving for cost efficiency and the sharp-end
decision-makers are striving for local optimization of their
work, the latter for instance seen as adaptations of design
(Rasmussen 1997). This trade-off may according to Rasmus-
sen (1997) cause operations to migrate towards the bounda-
ries of safe performance. Common for these perspectives on
accidents, as with the perspectives of Dekker (2005) is the
acknowledgement that accidents in sociotechnical systems
can seldom be traced back to human errors alone, as there
is always an interplay with latent conditions represented by
organisational and technological dispositions.
Perspectives, descriptions, and practices of work in the
blunt end and the sharp end, respectively, have given rise to
the representation of work as work-as-imagined and work-
as-done (Dekker 2006; Hollnagel 2014, 2017). Previous
work in our project has found that sensemaking and seaman-
ship not inscribed in formal procedures are important factors
in work-as-done on a ship’s bridge (Danielsen 2021; Dan-
ielsen et al. 2021). Sensemaking is the process, where people
actively pick up cues from their environment and develop
a sense of what may be occurring, in a process of creating
meaning (Weick 1995). It has mainly been described as a
conscious process, which is triggered when certain issues,
events or situations are either ambiguous, interrupt people’s
ongoing activity, or create uncertainty about how to act
(Maitlis and Christianson 2014; Weick 1995). Professional
identity influences sensemaking, which makes the notion
of seamanship relevant. Seamanship is a comprehensive
concept. Traditionally it has addressed individual charac-
teristics and abilities of seafarers, where using your own

good judgement based on knowledge and skills acquired
through sailing experience is important (Knudsen 2009;
Lamvik et al. 2010). With the increasing digitalization of
systems on the ships’ bridge the navigator’s role has changed
towards becoming system managers. Kongsvik et al. (2020)
suggested the term distributed maritime capabilities, where
knowledge and competence are not only seen as individual
characteristics but being embedded in technology, proce-
dures, regulations, and seafarers as a holistic system.

When an organization’s management is planning and
managing operations, alignment with onboard work prac-
tices is largely based on work-as-imagined. So are the tech-
nical design processes. The importance of designers of
equipment and tools for work also having thought or imagi-
nation about how work is actually done or will be done in the
future is reflected by SOLAS regulation V/15, ISO standard
1S09241-210 and the Resilience Engineering literature. It is
challenging to predict how work is going to be done by oth-
ers that are in a different time and place, often with incom-
plete information at hand (Hollnagel 2017). When work sys-
tems are designed according to work-as-imagined, informal
work systems and adaptations may develop to manage local
challenges. Informal ways of working may even be seen as
a mark of expertise, fuelled by professional pride (Dekker
2006; Knudsen 2009). According to Dekker (2006), gradu-
ally increasing the gap between how a system is designed
and how it is operated may be ‘an important ingredient in
the drift into failure’ (Dekker 2006, p. 89).

4 Methods

The empirical foundation for this paper consists of qualita-
tive interviews with seafarers, shipowners, and equipment
manufacturers, in total 31 informants.

The data are divided into two sets, in the following
referred to as the Traditional Case and the Human-centred
Design (HCD) Case. The Traditional Case is data collected
from several actors representing several sectors within the
maritime industry. The findings from this case resonate with
previous research (Abeysiriwardhane et al. 2016; Costa and
Liitzhoft 2014; Gernez 2019; Liitzhoft 2004; Petersen 2012)
and will in this paper represent the current design situation
in the shipping industry. The HCD Case represent innova-
tive initiatives, where human factors considerations have
been implemented in ship bridge development and design.
An overview of the informants in the Traditional Case and
the HCD Case is shown in Tables 1 and 2, respectively.
At the time of the study, all the seafarers worked as cap-
tains or deck officers. Equipment manufacturer informants
worked as designers or engineers and shipowner informants
had different roles in company management, that included
being decision-makers concerning ship bridge design and
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Table 1 Informants in the

aditional cas Organization Job titles Persons
traditional case inter-
viewed
Seafarers Deck officer/Captain 13
2 Equipment manufacturers ~ Vice President R&D/Senior Designer
4 Shipowner companies Head of HSEQ and Human Factors/Electro Automation Engi-
neer/Marine and HSEQ Manager/Vice president newbuilding
Total 19
T‘a?le 2 Informants in the HCD Organization Job titles Persons
case inter-
viewed
Seafarers Deck officer/Captain 8

1 Equipment manufacturer

1 Shipowner company
Total

Principal engineer HF and maritime HMI/Service engi- 3
neer and Project Manager/Salesperson

Senior Marine Advisor 1

equipment in the company’s fleet. All interviews were
semi-structured (Kvale 1996), lasted for about 1 h and were
conducted by one or two researchers. In the interviews, we
asked the informants about their interest in and influence on
ship bridge design, usability of ship bridge design, equip-
ment preferences and priorities, and design related to perfor-
mance and safety. The interviews took place in the inform-
ant’s workplace or remotely using a web conferencing tool.
In both cases, onboard visits and observations complement
the interview data. Data collection details for each case are
provided in the next subsections.

4.1 The traditional case

The Traditional Case includes semi-structured interviews
with six deck officers on board three Norwegian passenger
ships. This data set also includes a focus group interview
with six high-speed coastal vessel deck officers, performed
at a Norwegian education facility, and one interview with a
lecturer in nautical studies with previous sailing experience
as deck officer and captain on chemical tankers and bulk
tankers. Further, the Traditional Case includes two semi-
structured interviews with two designers/developers work-
ing in two Norwegian equipment manufacturer companies
operating in the international market. We also interviewed
four representatives from four international shipowner
companies, with fleets consisting of bulk-carriers, oil- and
gas-tankers and cruise ships. In total these four shipowner
companies own about 600 ships operating around the globe.
Two of the shipowner informants worked in a Norwegian
department, while the other two were situated in UK and
Singapore.
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4.2 The HCD case

The HCD Case concerns a newly designed integrated ship
bridge that intended to focus on usability through a design
process connected to an externally financed research pro-
ject. We interviewed three representatives from the equip-
ment manufacturer responsible for development, design, and
sales of this bridge. They worked in the Norwegian office of
an international company. We performed observations and
semi-structured interviews with eight deck officers working
on board the first two ships to have this bridge installed.
These were offshore supply vessels sailing on the Norwe-
gian continental shelf. We also performed an interview with
a representative from the Norwegian shipowner company
owning the two ships visited.

4.3 Analysis

The resulting data material consisted of audio-recorded
interviews and field notes. The audio recorded interviews
were transcribed verbatim. The transcriptions are the source
of the quotes in Sect. 5.

The data were analysed by means of thematic analysis
(Braun and Clark 2008), which allows for identification of
themes across the data in a systematic and theoretically flex-
ible manner. First the data were divided into the Traditional
Case and the HCD Case and further into the three groups
seafarers, equipment manufacturers, and shipowners. The
data from the seafarer group included observations, field
notes, interviews and focus group interviews that were all
coded together. Using NVivo, the data were subjected to
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Table 3 Coding of data resulted in the following main themes for
each stakeholder group

Informant group Main theme

Traditional case seafar-  Design issues
ers Adaptations
No design influence
Seamanship
Traditional case ship-
owners

No design feedback from operations

Profitability as driver

Usability responsibility

Traditional case equip-
ment manufacturers

Barriers towards including end-users
Customer requirements

HCD case seafarers Design accommodates work

Design influence

HCD case shipowner Usability is an investment

Involvement in design decisions
Design feedback from seafarers
HCD case equipment

manufacturers

Involving end-users in the design process
Challenges with HCD process

open coding, which broke down the material to smaller
sections assigned with descriptive labels (codes). After the
initial coding the next step included comparing, refining,
and clustering codes into themes. The resulting themes from
each group are presented in Table 3. The initial coding was
performed by the first author. The reliability of the study is
strengthened by several researchers being involved in both
the data collection, analysis, and writing.

4.4 Method discussion

This study investigates ship bridge design from the differ-
ent informants’ perspectives, thus qualitative interviews
were the main data collection method (Kvale 1996). It is
not possible to know whether the informants were tell-
ing the truth or if they were adjusting their accounts to
what they think the researcher or company management
would like to hear. However, the topics raised in this study
were not of a personal or sensitive nature. The informants
seemed to find the topic interesting and willingly shared
their experiences and opinions.

A focus group interview was part of the Traditional
Case data. There are several reasons for using the focus
group interview method. From a pragmatic point of view
a focus group provide data from several informants in a
short period of time. Another advantage of this method is
that the informants can discuss and challenge each other’s
views which may lead to more realistic accounts of what
people think than is the case in one-to-one interviews
(Bryman 2016). The limitation of the focus group inter-
view method is the possibility for group effects. This may

lead to only socially acceptable opinions to emerge or that
some informants dominate the discussion, while others are
reluctant to talk. It is not possible to know to which extent
group effects influenced the focus group interview per-
formed. However, we perceived the discussions to be fluid
and although some participants spoke more than others,
all interviewees contributed during the discussions. The
themes raised for discussion in the focus group interview
were inspired by the findings during previous field trips
and interviews and the method allowed to explore the find-
ings in more detail.

5 Results

In this section we present the findings from the Traditional
Case (5.1) and the HCD Case (5.2) broken down in subsec-
tions covering the three stakeholder groups of this study:
seafarers, shipowners, and equipment manufacturers.

5.1 The traditional case

The results from this case are presented in six Sects.
5.1.1-5.1.6. The first two sections reflect the seafarers’ per-
spectives, the next two relate to shipowners, while the last
two sections convey the views of the equipment manufactur-
ers in the study.

5.1.1 Seafarers handle design issues by adaptations

Seafarers work environment on traditional ship bridges con-
tain a variety of design issues. The seafarers handle this by
adaptation fo and adaptation of design.

On board the traditional ship bridges we observed many
examples of design and equipment that did not accom-
modate the seafarers’ work optimally. The seafarers we
interviewed describe the same situation. The design issues
included lacking the possibility to dim screens and other
lights that impair night vision, and many alarms, often
with similar sounds, making it difficult to distinguish them
from each other. The consoles had little or no grouping
of functions, they were cluttered with buttons and levers
of which many did not function, and many buttons and
levers were small and cumbersome to work with. Dif-
ferent equipment has been provided by multiple vendors
with different design and interaction philosophies. There
were issues like poorly functioning touch screens, lengthy
menus to navigate through and an abundance of informa-
tion on screens, much of which the seafarers found to be
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Fig.2 Example of adaptation of technology by seafarers. All the
available alternatives for managing window wipers except the one
they need (start/stop all wipers) has been covered

unnecessary for their work. Poor physical ergonomics was
evident as we observed officers climbing on consoles or
standing on a pallet to reach necessary equipment. Some
of these issues may seem like annoying or impractical
details, however, as many seemingly small details add up,
they create a demanding work environment. One seafarer
expressed frustration over cumbersome equipment not fit
for the maritime context:

‘It probably worked well in the office’

The quote points to the gap between those who design,
develop, and purchase equipment and the users of the
equipment.

We observed how seafarers made physical adaptations to
manage these issues. The adaptations included self-made
dimming of screens, partly covering screens to quickly find
the useful ones (see example in Fig. 2), covering non-func-
tioning buttons, pallets to stand on, lengthening of levers,
written notes, and added equipment, like a computer mouse.

Conversely, it is reasonable to assume that things that
cannot be managed by adaptation leads to seafarers adapting
their way of working in new and possibly suboptimal ways.
This is a less visible response than adapting of design, but
this dimension was described by one of the seafarers:

‘Humans adapt to the system. That’s seamanship in
practice.’
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In this quote the seafarer connects seamanship to the
human-technology interaction on the bridge. To be able to
handle available equipment is part of the skills and knowl-
edge expected by seafarers. Another informant found sea-
manship to be important for information handling:

‘The point is you have a lot of information available;
you need to have a method for sorting out the infor-
mation that is important (...) often when you are in a
really difficult situation you see the difference good
seamanship makes.’

5.1.2 Seafarers lack influence on ship bridge design

The seafarers in the Traditional Case express their influ-
ence on ship bridge design as being little or none. For a new
build, a captain may be invited near the end of the process,
where he or she, for instance, can give his/her opinion on
the placement of equipment in the consoles. However, one
person’s preferences may not create an optimal working
environment for navigators in general:

‘What you are allowed as a captain in the building
phase is to say something about where that panel is
going, usually one of two options, can it fit here, no it
must be like this, and so it goes. The next captain must
put up with this and adapt accordingly.’

The seafarer is here making an important point regarding
end-user involvement in design. Asking one user about his
or her opinion of a particular matter may seem like a quick
and reasonable approach; however, this approach does not
address the needs of the whole user group.

Several examples were given of seafarers being invited
by the shipowners to express their opinions, but their input
was subsequently disregarded. The shipowners’ reasons for
this would be connected to cost, space limitations, or quality
of equipment. For instance, a shipowner company issued a
survey amongst the navigators regarding the choice of new
Electronic Chart Display and Information System (ECDIS)
on their ships. The shipowner found the ECDIS brand cho-
sen by the navigators to be too expensive and invested in
another one. From this experience the seafarer concluded:

‘I think that survey they did was only to look good on
paper.’

Changes or additions in bridge equipment can be intro-
duced without involving seafarers or evaluating the impact
on bridge design and ergonomics. There was a strong focus
on fuel-saving on board all ships visited, and in one of the
ships a fuel-meter monitor was placed in the bridge console
right in front of the main working position. It had no func-
tion regarding the manoeuvring of the ship. It did not have
dimming functionality and had a self-made cover so as not to
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impair night vision. A picture of this fuel meter was shown
to the participants during the focus-group interview. One of
the participants commented:

‘The shipowner is probably satisfied as the OOW
(Officer on Watch) will have a constant reminder
about fuel consumption (...) If you isolate it, it prob-
ably looks like a very good initiative to reduce fuel
consumption, without seeing what it brings about for
the ergonomics or design of the panel.’

5.1.3 Shipowners balance design requirements and costs

Usability in itself is not on the Traditional Case shipown-
ers’ table. For a shipowner to invest more in bridge equip-
ment than required by regulations a convincing business case
must be shown. Building a ship is a considerable investment.
The shipowners emphasize that the decision to buy a ship is
taken on a high level in the company, where the focus is on
big picture issues of a ship’s construction and specifications,
such as cargo-carrying capacity, available number of beds,
speed, efficiency, i.e., the factors that are important for a
profitable investment:

‘Why would you spend more money than you need to
on the bridge?’

One Traditional Case shipowner describes the purchasing
process like this:

‘For us as a bulk ship carrier owner we don’t have
specific requirements, very general, same as other bulk
carriers over the world (...) We might go to the ship-
yard and check with them, ok we have investment, we
would like to buy six new vessels, the shipyard would
give us specification of their project, some of the ship-
yards they have a design, a new project, they build 12
numbers of similar ships. So, this is the spec, do you
want this type of ship? How much?’

In these cases, the yard has full responsibility for design-
ing and building the ship, including the ship’s bridge, and
buying a package with several identical ships is cost saving.
If the shipowner has specific requirements, it will incur addi-
tional costs. An important point for shipowners is the service
agreement with the supplier; they prefer fast and good ser-
vice available around the globe to avoid delays in operations.

Regulations to assure a minimum standard and equal
conditions of competition seems to be appreciated by the
shipowners. One of the informants argued that if anything
regarding ship bridge requirements needs to change it should
be pushed through regulations and requirements:

‘Should we push the requirements? I think that is
where we must go. As soon as you have new guide-
lines, and those guidelines are explicit and proper
requirements that must be followed, then the equip-
ment manufacturers and shipowners will follow, that
is only natural.’

On the other hand, the shipowners seem to feel confident
that safety of navigation is taken care of by today’s design
requirements in standards and regulations, so in their view
there is no need to use resources beyond that:

‘as long as you follow the rules and requirements you
are safe’

To consider changing bridge equipment in their fleet, the
most important factor for shipowners is value for money:

‘unless the business case is unprecedented, that is you
get so much better navigation that you don’t have any
navigational incidents, you do save money on not hav-
ing incidents. You also have to consider the training of
personnel in using the new equipment and we are talk-
ing about 15,000 seafarers (...) that is a lot of money,
the business case has to be very strong.”

In this case, it seems the risk of an accident must be
eliminated before investing in bridge equipment is valued
as a good business case. Another shipowner representative
described the attitude in the shipping community in general
as ‘you comply with the rules, then the residual risk you
insure’.

5.1.4 Shipowners’ view on the human-technology
interaction on the bridge

The Traditional Case shipowners do not include seafarers
in design decisions, and they view the human—technology
interaction on the bridge to be the responsibility of equip-
ment manufacturers and seafarers.

The Traditional Case shipowners do not find it very use-
ful to include seafarers in decisions regarding bridge design
or choice of equipment. They find different seafarers have
different opinions and they may prefer equipment that needs
repairs very often or is difficult to maintain—factors that are
important for the shipowner:

“You get a lot of ambiguous response that is difficult
to deal with.”

One of the shipowners argued that although seafarers
often must deal with bad design, if standards and require-
ments for the safety of navigation have been met, the
work environment is good enough. He thought the focus
should rather be on the seafarer’s competence in using the
equipment:
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‘a captain should be able to navigate just by the stars
right (...) the seafarers should be competent, that’s
where things should be improved’

The quote implies that things may need to improve, but
from shipowners view the technology is irrelevant as sea-
farers should have the skills to even navigate without it.
Although the informant may have exaggerated to empha-
size his point, it is an example of the view that investing
in ship bridge design is not connected to navigation per-
formance, hence it should not affect safety or profitability
either.

From the shipowners’ point of view the responsibility for
usability in ship bridge design lies somewhere else:

‘It is the equipment manufacturers that have the
responsibility to deliver safe equipment that is easy
to use, and of course the maritime institutions have a
responsibility to educate the people, so they are capa-
ble of handling it’

In addition, this shipowner pointed out that any additional
cost that comes with a human-centred design process should
be carried by the equipment manufacturers and not lead to
increased cost for the shipowners.

5.1.5 Equipment manufacturers inclusion of seafarers
in the design process

The equipment manufacturers do have an interest in end-
user needs; however, there are several factors limiting their
inclusion of seafarers in the design process.

The equipment manufacturers express that it is important
to develop user-friendly equipment based on user needs, but
simultaneously they must focus on profitability as part of a
competitive market. The equipment manufacturer inform-
ants have the impression that it is common to find poorly
designed ship bridges and ship bridge equipment in the
maritime industry today. This impression originates from
their own observations, or through sales personnel or service
engineers:

‘I have a background as a service engineer, I have
worked a lot with ships and bridge equipment on board
ships. With that I have picked up a lot of frustration
from users, particularly captains.’

The equipment manufacturers in our sample do not have
a systematic process for involving end users in their design
and development processes, but seafarers are asked about
their opinions and to test prototypes of specific items and
solutions. Two of the companies are located close to training
facilities and regularly use instructors with seafaring experi-
ence or seafarers visiting to attend courses. There are also
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examples of good cooperation with shipowners, where the
shipowner dedicates crew to participate in testing.

Designers express they would like to spend more time
on board, to follow up during building and installation to
make sure it is in line with the original design. They would
also like to have more feedback from end users after their
products have been in use for some time:

‘We have technical personnel that in a way do that,
we who have the user-centred design part, we sort of
don’t have any tasks like fixing a system, at least not
that anyone sees. We see the need for that, we should
do more’

The designers experience that access to ships is limited
due to cost and visits are difficult to plan (e.g., due to weather
conditions). Ships may not have the capacity for additional
people on board, hence technical personnel needed to do
repairs and maintenance are prioritized.

However, the equipment manufacturers’ perception of the
end users can also be ambivalent as they find some of the
seafarers being very conservative and negative towards new
solutions. From the designer’s view

‘the users don’t necessarily understand what they need’

The individual user will have his/her own experiences
and preferences in mind, and for the designers it can be a
challenge to balance negative user input to a particular solu-
tion and the more general understanding they develop of the
users’ needs.

5.1.6 The equipment manufacturers’ customer
is not the end-user

The equipment manufacturers must meet customer require-
ments which may differ from end-user requirements. To
sell their products equipment manufacturers must meet
customer requirements and expectations. The customer is
either a shipyard or a shipowner, not the seafarers and the
customer requirements may be different from user prefer-
ences. Ship bridge equipment may be sold directly to the
shipyard, where the equipment manufacturers mainly com-
pete on price. None of the equipment manufacturers in our
sample are in the lowest price category of equipment. They
try to compete on quality and usability and must convince
shipowners that investing in their equipment is worth the
additional cost. This means that they are not able to reach the
shipowners who in their own words ‘buy ships directly from
the yard like you buy a car’. Their target customer group are
the shipowners who are ‘very close to the yards and demand
to get what they want’.
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However, the equipment manufacturers experienced
that shipowners do not always consider the seafarers’
preferences:

‘The owner wanted the conservative solution, the users
wanted the table solution (...) in the end the shipowner
decides, not the ones using it. (...) he then overruled
it although all the users wanted ergonomic solutions’

To meet customers’ requests the original design may
have to be adapted or changed. Ships with different opera-
tions may have different needs and the products need to be
adjusted accordingly. Other times, designers find the change
requests stem from the shipowners own, sometimes con-
servative, ideas concerning what a ship’s bridge should look
like. The equipment manufacturers experienced that these
adjustments could compromise the usability or the original
design philosophy.

5.2 The HCD case

The results from this case are presented in three Sects.
5.2.1-5.2.3. The first section reflects the seafarers’ perspec-
tives, the next relate to the shipowner, while the last sections
convey the views of the equipment manufacturer in this case.

5.2.1 Seafarers experience of user-friendly ship bridge
design

On board the two offshore supply ships from the HCD Case,
the seafarers generally describe the new integrated bridge
in positive terms. They refer to it as ‘well arranged’ and
‘user-friendly’, and several of the solutions are described
as practical and time saving. The seafarers seem to have the
necessary equipment readily available when they are seated
in their main working position. In the words of one sea-
farer, they appreciate not having to ‘run around to localize
switches’.

As opposed to the Traditional Case, the visual impression
of this bridge environment is tidy, clutter-free and with few
adaptations of design. As opposed to the many home-made
covers to dim lights on the older ships we visited, the only
home-made cover on this bridge was found covering a blue
light on a handle base.

One example of a design that accommodates work prac-
tice was a display adapted to the Dynamic Positioning
checklist, a manual checklist which must be completed sev-
eral times a day. The information in this checklist is usu-
ally found by searching through several screens and menus,
while this solution presented all the information for the
checklist on a single display, a solution the seafarers appreci-
ated. Another example of design appreciated by the seafarers
are the thruster handles. The seafarers emphasized they were
big enough and give feedback when put in neutral position.

These are features that not all handlers necessarily have.
The design thus seemed to have managed to consider both
physical and cognitive ergonomics.

The captain on board one of the ships was present at the
yard when the ship was completed and several of his sugges-
tions were implemented in cooperation with the equipment
manufacturer and the shipowner. He was aware of the trade-
offs made when the bridge was installed in terms of space
and technical solutions and felt ownership towards the ship
and the ship’s bridge. He claims that

‘None of us would like to sail with a conventional
bridge again, with all the buttons in the consoles.’

Most issues regarding ship bridge design that seafarers in
the HCD Case brought up were on a higher level, for exam-
ple that the integration can make it hard to understand what
is going on behind the screens. Integrated bridges also make
seafarers more dependent on land organizations, e.g., for
performing maintenance, as everything must be programmed
into the bridge system by the manufacturer.

5.2.2 Shipowner taking responsibility for ship bridge
design

The HCD Case shipowner express an interest in usability
and in being involved on a detailed level concerning the
bridge equipment in their fleet.

The representative from the shipowner company in the
HCD Case has previous sailing experience as a captain. The
informant express that this company has an explicit interest
in crew well-being and considers bridge design and equip-
ment to be part of that. According to their own judgement
they spend more resources on bridge equipment than most.

‘I think we gain on that. We have used resources on it,
but throughout the ship’s lifetime people on board have
much better workdays — as such, it is worth it’

This is a relatively small company and according to our
informant the seafarers can pick up the phone and call the
responsible person in the shipowner’s office to give feedback
at any time. The seafarers’ opinions have consequences:

‘the crew were very dissatisfied with that, so we car-
ried the cost for exchanging them’

As opposed to the shipowners in the Traditional Case,
this informant does not emphasize cost or regulations as
priorities when purchasing new equipment:

‘of course, it means something that the quality is excel-
lent, but the most important thing is the people, the
users that are on board and using the equipment, that
we know they are content’
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To some extent, this shipowner has direct contact with
equipment manufacturers and expresses clear opinions on
the usability of the equipment. He claims that some manu-
facturers do not have knowledge about how the equipment
is going to be used:

‘typical touch-screen with a very small screen, and in
bad weather you are supposed to hit five choices and
my fingers are covering half the screen (...) There is
a lot of that — they don’t know what it is going to be
used for (...) something could clearly be done there’

This shipowner also has close contact with the yards
when building a new ship to ensure their specifications
are met, especially specifications that go beyond minimum
requirements.

‘It has type-approval, that’s what the yards hide
behind, it is approved according to existing regulations
and then you have to take the cost of finding something
else if you haven’t done a good enough job of describ-
ing what you want in the specifications.’

The HCD Case shipowner is also concerned with compli-
ance but still ensures usability of ship bridge equipment by
following up equipment manufacturers and shipyards during
new-build processes.

5.2.3 Equipment manufacturer performing an HCD process

The equipment manufacturer in the HCD Case performed
an extensive human-centred design process when developing
their integrated bridge concept. A human factors specialist
was part of the project team. The result seemed to success-
fully accommodate user needs. The informants emphasized
the involvement of seafarers throughout the design process
with the intention of understanding their work, their needs,
and to develop a holistic ship bridge design. A central idea
was according to a designer:

‘Enhance safety through lowering the operators’ cog-
nitive workload, make it simple by cleaning up the
consoles and only place operation critical equipment
near the operator’.

Several human factor methods were used, including
observation on board ships and in simulators, interviews,
eye-tracking, and several iterations of testing prototypes
from low to high fidelity. The aim was a high-end prod-
uct that does not compete on price but on functionality and
user-friendliness.

The human factors specialist on the project team was
an important driver for involving the end-users by apply-
ing human factors methods. The engineer involved in the
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development project emphasized practical and technical
aspects of the design.

‘Clearly we (the engineers) focus on the technical
aspects of the products. The HF specialist has a dif-
ferent background than the rest of us (...) he sees the
more theoretical (aspects)’.

The designers and developers experienced that seafarers
highly appreciated the opportunity to influence the design
and development of bridge equipment. An important realisa-
tion was that the seafarers’ needs can be different from what
the designers imagine:

‘For me it might be very logical to click 14 times to
get into a menu, while a user would like a shortcut,
like pressing a button to immediately get to what he
needs. It is hard for us technicians to know what the
user needs at any time. I can think of something but
when you get out in real life it might be the complete
opposite.’

A challenge that added time and cost to the design and
development process was achieving the necessary certifi-
cates required by maritime regulations. The new design chal-
lenged the type-approval standards and several rounds with
the classification society was necessary. Some of the design
solutions had to be changed to acquire approval and the
designers found some of the changes to deteriorate usability.

The initial target market was the offshore sector. Accord-
ing to a salesperson in this company, the offshore market is
a segment, where, to sell their product, they must convince
the navigators:

‘If the navigators don’t believe in it, you can’t sell it to
the shipowner either.’

Hence, aiming the promotion at navigators is part of their
sales strategy. In this part of the maritime industry, it seems
that ‘the customer’ includes the end user. When expand-
ing to other sectors in the industry the original design had
to be modified, both due to other operational needs, but
according to the designers due to the request by conserva-
tive shipowners.

The HCD design process was made possible through an
externally funded research project. The informants believed
that such an extensive design and development process
would not have been performed without the additional fund-
ing. It was a challenge to gain an understanding of the addi-
tional time and cost required both within the company and
in the market. Although receiving positive feedback from
seafarers, it has been difficult to get a significant position
in the market.
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Table 4 Summary of the main findings from the two cases

Stakeholder group

Findings traditional case

Findings HCD case

Seafarers

Shipowners

Equipment manufacturers

Consequences of poor design are handled by seafarers
through adaptations
Seafarers have no influence on ship bridge design

Ship building is high level investment, and shipowners
have focus on ship specifications ensuring the invest-
ment, not on ship bridge design

Ship bridge design investment is only interesting to
shipowners if proved as good business case

Shipowners’ perspective is that compliance to regulation
ensures safety

Usability is seen by shipowners as the responsibility of
equipment manufacturers

Shipowners' perspective is that competent seafarers
should be able to handle the equipment

Equipment manufacturers haves an interest in developing
usable equipment

However, trade-offs must be made:

It is difficult for equipment manufacturers to get access
to ships and crews

End users’ involvement in design process adds time/cost

Equipment manufacturers experience that customer
requests may differ from end-user preferences

The ship bridge is found to accommodate work well
Seafarers have some influence on design decisions

The shipowner finds it worth spending resources on
usable ship bridge equipment and crew well-being

The shipowner accommodates seafarer feedback, and the
feedback has consequences

The shipowner is involved in ship bridge design through
conscious choice of equipment and contact with ship-
yard

The equipment manufacturer performed an extensive
human-centred design process with involvement of
seafarers throughout the process

The process was possible due to external funding

Challenges encountered by equipment manufacturers

Standards and regulations do not accommodate innova-
tive solutions

To gain an understanding of the additional time and cost

required in development phase both within their own
company and for the customer

6 Discussion

Humans are important for managing the risk of accidents
in complex systems (Rasmussen 1997; Reason 1997) and
humans are both restricted and supported by design of tech-
nology (Liitzhoft and Vu 2018). That usability supports
operator sensemaking is recognized by the IMO through
the SOLAS V/15 regulation. However, in this study, as well
as in earlier research, we have found that lack of usability in
ship bridge design is still common in the maritime industry
(Ahola et al. 2018; Costa and Liitzhoft 2014; Gernez 2019;
Mallam et al. 2015; Praetorius et al. 2015). We set out to
investigate how tensions between the main stakeholders’
interests, and between their views on maritime competence
and the role of design, may influence the achievement of the
goals set forth in the SOLAS V/15 regulation. The previ-
ous section outlined our findings from two different case
contexts, one reflecting traditional approach to ship bridge
design, and one representing innovative approach paying
more attention to usability issues. A summary of the main
findings is provided in Table 4. In the following we dis-
cuss central themes arising from the seafarers’, shipowners’,
and equipment manufacturers’ differing work experiences,
requirements, and understanding of ship bridge design, usa-
bility, and each other’s roles.

6.1 Usability or profitability guiding ship bridge
design

Shipowners are the stakeholder that has the last word in
deciding what kind of equipment and investments that
will be made on their ships’ bridges. In the HCD Case
the shipowner perspective is that usability in ship bridge
design is one of the factors ensuring crew well-being and
safety, which is an investment the company will benefit
from in the long run. This differs from the Traditional
Case shipowner’s mindset, where profitability goals limit
their interest in ship bridge equipment to compliance with
regulations, and otherwise constitute a profitable invest-
ment in a ship. For Traditional Case shipowners to be will-
ing to invest in bridge design they must be convinced that
it is a good business case. However, to show that usability
can also be profitable is a well-known challenge for the
human factors discipline (Dul et al. 2012). Since shipping
is lacking routines and methods for performing cost-effect
estimations of ergonomic investments (Osterman and Rose
2015; Osterman et al. 2010) more development work is
needed to develop processes that manage the trade-off
between explicit costs and hard-to-measure gains, such as
safety and usability. Although performing HCD requires
additional time and cost in the development phase, it has
been shown to have positive effects on usability (Liitzhoft
and Vu 2018; Petersen 2012).
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Compared to shipowners, equipment manufacturers are
working with a different set of drivers. They do express an
interest in including end users in their development pro-
cesses; however, they must also limit cost on design and
development, and they must accommodate the customer
requests (which may be different from user requests). One of
the challenges for the HCD Case manufacturer was to gain
an understanding of the additional time and cost such devel-
opment process required, both from customers and within
their own company. It is our judgement, however, that for
future HCD processes the cost will be lower if methods and
routines are established. We also see that a set of processes
and enablers are needed to manage blunt-end and sharp-
end feedback and to enable the use of HCD, which at face
value may look like a low return investment to the equipment
manufacturers.

A picture is emerging where blunt-end decision-makers,
such as shipowners and equipment manufacturers, strive for
cost efficiency, while the seafarers in the sharp-end strive
for local optimization of their work. These findings resonate
with previous research over decades addressing lack of usa-
bility in ship bridge design (Abeysiriwardhane et al. 2016;
Costa and Liitzhoft 2014; Gernez 2019; Liitzhoft 2004; Mil-
lar 1980; Petersen 2012). This study finds that the different
stakeholder groups have different perspectives, different
drivers and priorities concerning design of technology on the
ship’s bridge. The HCD Case show that a HCD processes
is possible to perform in the maritime industry and that it
requires the involvement of all three stakeholder groups.

HCD can improve safety (International Organization
for Standardization 2010) by reducing the number of acci-
dents. However, the competitive character of the maritime
industry forces all actors to focus on maximizing profit and
to reduce the number of possible future accidents involve
metrics that are hard to value in economic terms. There are,
however, other positive effects of HCD but they are equally
difficult to value in terms of cost. User friendly equipment
may prevent mistakes and injuries, but also reduce stress,
which in turn can reduce sick leave, reduce the need for
training, and enhance crew well-being and motivation (Costa
and Liitzhoft 2014), all factors that have a cost attached.
However, it is well known that traditional risk analyses and
cost-effectiveness analyses performed in connection with
evaluating human centred design are characterised by huge
uncertainties, and conservative decision makers will find few
guarantees in those analyses that investments will pay off.
Even though a price tag cannot be applied to HCD, the rela-
tion between usability and profitability can be perceived as
synergy rather than trade-off.
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6.2 The gap between work-as-imagined
and work-as-done

The design issues described in Sect. 5.1.1 hamper the
bridge’s ability to ‘facilitating the tasks to be performed’,
‘enabling (...) convenient and continuous access to essential
information which is presented in a clear and unambiguous
manner’ and ‘preventing or minimizing excessive or unnec-
essary work’, which according to SOLAS V/15 is part of
what the bridge ‘shall’ aim to do (International Maritime
Organization 2002). The seafarers appear as the stakeholders
with highest interest in usability, which is understandable
as usability has direct impact on their daily work. However,
seafarers in the Traditional Case have little or no influence
on ship bridge design, whether it is new builds or retrofitted
bridges. The design issues and the adaptations on board are
not visible to the blunt end of the organisation as there is no
feedback system from operations in place. Seafarers make
things work by their adaptation to and of design, and from
management on shore the design may seem to work well
enough. The resulting gap between work-as-imagined and
work-as-done is thus not recognised by those in position to
bridge it.

This gap in information exchange between the sharp and
the blunt end is confirmed by the Traditional Case shipown-
ers that have limited contact with seafarers. Seafarers may be
part of a different division within the company or employed
by a completely different company. An illustration of this
gap can be found in the following statement by one Tradi-
tional Case shipowner: ‘Seafarers ‘should be able to navi-
gate just by the stars’. This statement can be interpreted as a
lacking acknowledgement of the maritime developments that
have taken place over the last decades, and the consequently
changes in seamanship, or more concrete, the nature of sea-
farers’ professional competence as portrayed by Kongsvik
et al. (2020). The importance of traditional maritime compe-
tencies has been challenged and to some degree replaced by
the increased instrumentation on modern ships, making the
system operator aspect of seamanship increasingly impor-
tant. These relatively rapid changes in ship technology have
not been accompanied with the same usability concerns and
customizations as ship design developments that has taken
place over centuries, and that has gone hand in hand with
the development of maritime professions. Thus, seafarers
tend to be shouldering the operational consequences of ship
bridge design processes, where they have not themselves
been included in the loop.

Adding to the gap is the shipowners’ opinion that usabil-
ity is the responsibility of regulators and equipment manu-
facturers. However, minimum compliance with regulations
does not ensure usability. To the contrary, a narrow focus on
compliance may lead shipowners and system manufacturers
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to lose sight of the contextual adaptations needed for resil-
ient performance, and the fact that well-functional socio-
technical systems are always characterised by the technology
being adapted to the humans, and not vice-versa (Hollnagel
2016). Taking this into account would imply an appreciation
of the intention of the SOLAS V/15 regulation, despite the
difficulties of interpreting its letter in terms of measurable
goals for designers, auditors, and classification societies.

The gap between equipment manufacturers and seafarers
stems from limited involvement to ships and seafarers and
the need to accommodate the shipowners’ requirements, that
may be different from user requirements, and sometimes at
the expense of these. Including seafarers in the design pro-
cess is sometimes challenging when seafarers are negative
towards new ideas and design solutions. Both equipment
manufacturers and shipowners experience that the input they
receive from seafarers is not always useful, suggesting there
may be a need for a different approach to end-user involve-
ment, where a mapping of the seafarers’ needs goes beyond
asking a few individuals about their opinion.

What can we learn from the HCD case? We find the
gap between the blunt and the sharp end to be smaller in
the HCD Case than in the traditional case. The ship bridge
design seemed to be more aligned with work-as-done in this
case and the seafarers experienced having some influence on
both the equipment manufacturer and the shipowner dur-
ing the design and installation process. The shipowner in
the HCD Case expressed usability and crew well-being as
important aspects that ship bridge equipment should accom-
modate. This shipowner has regular contact with seafarers
and their input has consequences for decisions and prior-
itizations. This shipowner does not place the responsibility
for usability somewhere else in the maritime industry, rather
they make conscious choices when purchasing equipment
and following up the shipyard. This shipowner company was
smaller than the ones in the Traditional Case which may
partly explain the shorter distance between management and
seafarers. There may be several reasons for going beyond
minimum compliance; from our data it seems the shipown-
ers’ mindset or perspectives differs between the HCD Case
and the Traditional Case. This may be connected to the HCD
Case shipowner having a previous seafarer in a key posi-
tion and as such an understanding of seamanship in-house.
For equipment manufacturers the main difference between
the Traditional Case and the HCD Case is the extensive
research and development process performed in the latter.
The development process was made possible due to an exter-
nally funded research project, so this example might not fit
in usual development budgets. Nevertheless, this example
shows that the use of a human-centred design process, where
the end users are involved in all stages contributes to usabil-
ity and equipment that supports work-as-done.

Exchange of knowledge between the core stakeholders
about the actual performance of operations is necessary
for work-as-imagined to resemble work-as-done. The gap
between the blunt and the sharp end is hindering information
exchange and can thus be seen as a barrier towards usability
in ship bridge design. According to Dekker (2006) the gap
should be made visible to be able to learn and adapt. With
this article we attempt to contribute to that.

6.2.1 Limitations

The findings and generalisability of this study must be seen
in light of some limitations. There is a limited number of
informants from each stakeholder group. However, the rich-
ness of the data collected did allow for an analysis that iden-
tified patterns across the stakeholder groups and novel infer-
ences to be made concerning the barriers towards usability
in ship bridge design.

A second limitation is that all sectors within the mari-
time industry, e.g., general cargo and container ships are
not covered in this study. Considering that 72% of the world
fleet’s carrying capacity is carried by bulk carriers and oil
tankers (UNCTAD 2022) the data selection does represent
a significant part of the sector.

Third, the study has a preponderance of Norwegian
informants, and the findings may thus first and foremost
reflect a situation specific for the Norwegian maritime sec-
tor. Considering the international nature of the maritime
industry, where the stakeholders operate, compete, and are
regulated internationally, the conclusions drawn may still
have broad relevance and should be further investigated to
find whether they resonate with the maritime industry in
general.

7 Conclusions

The objective of this paper was to investigate how tensions
between the main stakeholders’ interests and perspectives
in ship bridge design may influence the achievement of the
goals set forth in the SOLAS V/15 regulation. This topic was
explored through a qualitative study in the maritime indus-
try, involving seafarers, shipowners, and equipment manu-
facturers. We found that although the importance of usability
in ship bridge design has been argued for by researchers for
decades (Millar 1980), it is a topic that needs continuous
attention. Minimum compliance does not ensure usability
and the intentions of IMO’s SOLAS regulation V/15 are not
met in the maritime industry today. We find the lack of usa-
bility to be connected to structural aspects of the maritime
sector, where there is a gap between the core stakeholders
hindering the exchange of knowledge about work-as-done in
operative environments. We also found that profitability is
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a major driver for the blunt-end stakeholders for whom the
relation between usability and profitability is perceived as
a trade-off rather than a potential for synergy. We conclude
that there is a need to develop processes, enablers, and man-
agement tools to

1. update the understanding of the professional competence
needed in the technology dense work environment on
ship bridges today,

2. strengthen the maritime stakeholders’ awareness of the
advantages of HCD which are both operator well-being
and system performance (Dul et al. 2012),

3. enable implementation of HCD into existing design and
development processes,

4. provide metrics for business cases enabling informed
ergonomic investment decisions (Osterman and Rose
2015).

SOLAS V/15 is applicable for ‘All decisions which
are made (....) which affect bridge design, the design and
arrangement of navigational systems and equipment on the
bridge’. In this paper, the decisions are made by shipowners
and equipment manufacturers. Seafarers that have the most
obvious interest in ship bridge design usability has low influ-
ence on these decisions. There are several other stakeholders
in the maritime industry, for example shipbuilders, classi-
fication societies, regulatory authorities, and insurers, that
can also influence ship bridge design in different ways. We
suggest future research should investigate how the larger net-
work of stakeholders relates to SOLAS V/15, whether there
is a sense of distributed responsibility or a derogation from
responsibility for the decisions affecting ship bridge design.
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ABSTRACT: Navigation is a complex interaction between human, organizational, environmental, and
technological factors on the ship’s bridge. Today, ships bridges include a broad suite of equipment with both
digital and analogue interfaces, covering a range of functions and purposes. Suboptimal usability in equipment
and interface design as well as layout of the ships bridge has been reported by researchers for decades. This paper
aims to contribute to our understanding of why there has been limited progression in usability in ship bridge
design over the last decades, by investigating the stakeholders’ different perspectives of their influence, interest
and responsibility for usability in ship bridge design. The study is based on interviews with seafarers, shipowners,
equipment manufacturers, shipyard, insurance companies, classification societies and a flag state. Usability in
navigational equipment and systems on a ship’s bridge is required by the International Maritime Organization
(IMO) SOLAS Regulation V/15. We find that this goal-based requirement is challenging to follow up both in
design, development, and survey work. To achieve usability in maritime equipment and bridge systems ideally
requires the actively involvement of end-users throughout the design and development process. We find that the
seafarers, the direct end-users, do not have a clear voice in the ship bridge and bridge equipment design and the
associated purchasing processes. The other stakeholders appear to recognize the existing shortcomings, and some
do show interest in improvements, but the responsibility for usability seem to be fragmented, and they see the
potential solutions as being somebody else’s problem. We conclude by suggesting both long-term and a short-
term way forward for improving usability in ship bridge design.

1 INTRODUCTION

According to the International Maritime Organization
“Shipping is perhaps the most international of all the
world's great industries - and one of the most
dangerous” [1]. The high-risk nature of the shipping
industry is confirmed by the European Maritime Safety
Agency (EMSA) that registered 6921 persons being
injured and 550 persons losing their lives at sea in the
period 2014-2020 [2]. 43% of all casualty events in this
time period was what EMSA categorise as navigational
casualties which includes collisions, contacts and
grounding/strandings [2].

Navigation is a complex interaction between
human, organizational, environmental, and
technological factors on the ship’s bridge [3-5]. The
ship’s bridge can thus be characterised as a
sociotechnical system [6, 7] where the design of
technology interact with, and thus influence, other
parts of the system [8, 9]. Since the general introduction
of computerized equipment in the 1970s, there has
been a steady increase in electronic and digital
products for maritime use, and today, ships bridges
include a broad suite of equipment with both digital
and analogue interfaces, covering a range of functions
and purposes. There is rarely any consistent user
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interface design across these systems [10] and
suboptimal usability in equipment and interface
design has been reported by researchers for decades
[11-16].

There may be several factors contributing to the
current situation on the ship’s bridge. One factor is the
challenge of designers and developers of technical
systems to foresee how factors like time and resource
constraints, management pressure or motivation will
influence real use at a different time and in a different
place [17]. As a result, it is often seen that the human
component of sociotechnical systems do not behave as
designers expect, or plan for [18]. Technology being
designed without appropriate information about the
user or context of use is a concern as, for instance, a
systems designed-in safety features may not function
as expected. For example, when of the bulk carrier
Muros grounded in 2016 the accident investigation
identified the use of some of the safety features in the
Electronic Chart Display and Information System
(ECDIS) as a contributing factor to the accident. The
investigation report states that “The ECDIS on board
Muros had not been used as expected by the regulators
or equipment manufacturers.” [19]. It thus seems there
were limitations in the regulators and equipment
manufacturers knowledge about the end-users and the
context of use; knowledge that is however crucial when
designing for usability [20].

The importance of considering human factors has
been recognised by the International Maritime
Organization (IMO) through its human element vision
[21]. IMO has also addressed ship bridge design
through the SOLAS (Safety of Life at Sea) convention
regulation V/15. Regulation 15 requires that ship
bridge equipment and procedures inter alia shall aim
to “facilitating the tasks to be performed (...) making
full appraisal of the situation and in navigating the ship
safely under all operational conditions”, “promoting
effective and safe bridge resource management”,
“enabling (...) convenient and continuous access to
essential information which is presented in a clear and
unambiguous manner”, “preventing or minimizing
excessive or unnecessary work, “minimizing the risk of
human error”.

The IMO instrument also outlines specific
requirements for the equipment that ships shall have
installed through SOLAS regulation V/19. For all the
equipment in V/19, there are also IMO Performance
Standards, providing descriptions of high-level
functionality required in a particular instrument, and
much more detailed IEC Test Standards, where the
individual test clauses must be fulfilled to obtain the
required type-approval.

Despite the maritime stakeholders’ commitment to
regulatory compliance, suboptimal usability — which
we claim is an indicator of a design which to some
degree is unfit for the purpose it is intended for, and
thus can be termed ‘poor design’, seems to be a
persistent challenge in the maritime industry. In
Reason [22], poor design is the terminology used to
describe a latent condition that can be present for many
years in a system before it combines with local
circumstances and active failures that may result in a
maritime accident [23-27]. In practice, the impact of
poor design is often mitigated by the ability of users to
find creative ways to make systems work [11, 18].
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Seafarers are no exception, and they make the bridge
system work through both adapting to design and
making adaptations of design [3, 28]. Adaptations to
design is occurring when seafarers adapt their work
strategy to cooperate with the technology. This has also
been described as integration work [3]. Adaptations of
design can be very visible in the form of self-made
covers for dimming screens, covering non-functioning
buttons, pallets to stand on, lengthening of levers,
written notes etc. [28]. Although seafarers apply
strategies to handle their work environment, poor
design have the potential to lead to design induced
errors [29].

To mitigate, considerable design and development
efforts aiming to improve usability in ship bridge
design have been performed [10, 30-34], also
attempting to increase the understanding of the
fundamental issues underlying the present situation
The persistence of suboptimal usability has been
connected to the multiple stakeholders being involved
in the ship building and ship bridge design processes
[35]. There may be differences in the level of
knowledge of human factors and human-centred
design posited by different stakeholders [36]. The
stakeholders may represent different interests that are
difficult to align during the design process [37] and
communication and cooperation between the
stakeholders may be challenging [38, 39].

Yet another factor is the competitiveness of the
maritime industry, in which many organizations work
on very small profit margins and thus prioritize short-
term economic gains [7, 16]. As new ship development
is driven by economics, human-factor interventions
need to be justified in terms of their likely benefits
exceeding their anticipated cost [7, 40]. However, there
is a lack of knowledge about, and especially methods
for, measuring the financial effects of ergonomics
which could enable maritime companies to make well-
informed ergonomic prioritizations [41] — in other
words, developing a convincing business-case based
purely on objective data is difficult.

This paper aims to contribute to our understanding
of why there has been limited progression in usability
in ship bridge design by investigating the issue from
the perspectives of a broad set of stakeholders in the
maritime industry. The study is based on interviews
with seafarers, shipowners, equipment manufacturers,
shipyard, insurance companies, classification societies
and a flag state. We seek to find factors influencing the
low prioritisation of usability in the maritime industry
by investigating the stakeholders’ different
perspectives  of their influence, interest and
responsibility for usability in ship bridge design. We
also suggest a way forward.

The paper is structured as follows: The next section
will provide the theoretical background as well as
information concerning the ship operation and
purchasing process and the maritime design
regulations. Section 3 explains the methodological
approach, followed by the presentation of the findings
in Section 4. The findings are discussed in Section 5,
and Section 6 concludes the study.



2 BACKGROUND

2.1 Key concepts

Design has been defined in multiple ways. For
example, Herbert Simon viewed design as a problem-
solving activity that concerns devising “courses of
action aimed at changing existing situations into
preferred ones” (Simon, 1969, p. 55). Design and
development of products and systems in the maritime
(or any other) industry must adhere to regulations and
stakeholder- or customer requests which constrain or
define what the ‘preferred situation’ may be. Design
processes are also limited by factors like time and cost.
Thus a more specific definition of design is used: “a
specification of an object, manifested by some agent,
intended to accomplish goals, in a particular
environment, using a set of primitive components,
satisfying a set of requirements, subject to some
constraints” [42]. In this paper ship bridge design refers
to the design of the physical bridge including the
equipment, systems and layout of consoles.

The human factors discipline is concerned with
achieving two related outcomes of sociotechnical
systems: human well-being and overall system
performance [43]. It requires a conscious approach of
applying human factors theory, principles, data, and
methods to the design process to achieve these two
outcomes [44]. An essential characteristic of a well-
designed system or product is its usability. The ISO
standard 9241:210 defines usability as “the extent to
which a system, product or service can be used by
specified users to achieve specified goals with
effectiveness, efficiency and satisfaction in a specified
context of use” [20]. To achieve a goal with
effectiveness refers to the accuracy and completeness
with which users achieve the specified goals while
efficiency refers to the resources used, which may be
time, human effort, costs, materials, in relation to the
results achieved. In this paper, the user is the people
who operate the system and make use of the output of
the system.

One approach to achieve usability — i.e., what we
have chosen to define as ‘good design’ versus ‘poor
design’, as discussed above - is the Human-centred
design (HCD) process. The HCD process as outlined in
the ISO standard 9241:210 “aims to make systems
usable and useful by focusing on the users, their needs
and  requirements, and  applying  human
factors/ergonomics, and usability knowledge and
techniques” [20].The ISO standard outlines a
framework for an iterative design process where the
major activities are
— Understanding and specifying the context of use
— Specifying the user requirements
— Producing design solutions
Evaluating the design

A key success-factor in human-centred design is the
actively involvement of users throughout the design
and development process [20, 45], recognizing that it is
only the wusers that can provide a profound
understanding of their needs and the context of use in
which the design object is to function. The users can be
involved in all the activities outlined in the HCD
process, they are an important source for relevant data
obtained through methods like for example
observation, interviews, task analysis, the users can

participate in design activities, or they can evaluate and
test prototypes and design solutions.

In general, the benefits of usable systems are
increased productivity, reduced errors, reduced
training and support, improved user acceptance and
enhanced reputation [20, 46]. Research in the maritime
industry has found that usable systems benefit
seafarers in terms of improved physical, psychological,
and social well-being, higher motivation and job
satisfaction, as well as improved performance [13, 43,
46, 47]. Cost-benefit trade-offs are in general a key
consideration for adopting HCD methods [45]. Hence,
it is important to note that usability may also benefit
the shipowners through a safety gain arguably
achieved through good design, as well as improved
operational performance in terms of productivity,
efficiency, quality, a better reputation for hiring and
retaining personnel, reduced training and operating
costs [46, 47].

2.2 Maritime stakeholders

Stakeholders may be individuals, groups or
organizations “who have an interest (stake) and the
potential to influence the actions and aims of an
organization, project or policy direction” [48]. The
stakeholders are thus identified in relation to a specific
issue or project. The relation to the issue can also be
described as “those who are affected by or who can
affect a particular decision or actions” [49]. The
purpose of collecting and analysing data about
stakeholders is to develop an understanding of how
decisions are taken in a particular context and to
possibly identify opportunities for influencing the
decision-making processes [48]. Maguire [46]
recommends identifying a broad set of stakeholders as
part of the HCD process, including recipients of output
from the system, marketing staff, and purchasers, and
to this end, Dul [43] identified four main stakeholder
groups of system design:

— System actors: i.e.,, employees, product users, who
are part of the system and who are directly or
indirectly affected by its design and who, directly or
indirectly, affect its performance.

— System experts: i.e., professionals such as engineers
who contribute to the design of the system based on
their specific professional backgrounds.

— System decision makers: i.e., decision makers (e.g.,
managers) about the (requirements for) the system
design, the purchasing of the system, its
implementation and use.

— System influencers: ie., media, governments,
standardisation organisations, regulators.

Seeing this in the maritime context, this industry
comprise numerous actors that are either directly
involved in the transport of goods or people, or in
supporting areas of activities, inter alia: ship operators,
shipowners, the crews, shipbuilders, design firms,
equipment suppliers, brokers, agents, repairers, the
IMO, flag states, coastal states, classification societies,
insurance companies, , education/training providers,
financiers, cargo owners as well as port/terminals [50].

687



2.3 Maritime design considerations

In the ship design process, different stakeholders can
represent vastly different interests and their
expectations towards the design solution may for such
reasons not be aligned. Indeed, a lack of relevant
information, ineffective collaboration, conflicts and
trade-offs may result in an excessive addition of
features to satisfy the expectations of all stakeholders
as the design process unfolds [37] but such additional
capabilities may not cause a premium on the charter
rate that can justify the added cost and thus negatively
affect business outcome [37]. Of particular interest to
maritime design is the issue of system design where
authority is distributed within and among several
organisations with design decisions spread over time,
has been described as “sequential attention to goals”
[51]. The sequential attention leads to decisions to be
taken without being aware of how they influence other
decisions. Gernez [52] differentiate between two
stakeholder groups involved in ship design: designers
(ship designer, sub-contractors, shipyard) and the end-
users (ship owner, ship manager, operator, and crew).
The difficulties of sharing information between the
technical expertise of the designers and the operational
experience of the end-users, is a factor that may
contribute to suboptimal or unsafe ship design
solutions [52]. Part of this picture is that designers and
developers tend to assume that their experiences are
similar to the users’ experiences so they can see
themselves as fair representatives of the users they
design for [53]. Both the interest in, and the power to
influence human factors in the maritime industry is
greatly differentiated between stakeholders [54], and to
illustrate this issue, the human factors community have
stronger relationships with system actors than with
systems experts and decision makers, ie., the
stakeholders that have the power to influence system
design [43]. Also, the competitive nature of the
industry entails the relation between usability and
profitability is perceived as a trade-off rather than

synergy [55].

2.4 Ship operation and purchasing process

The shipping industry is international and “a ship can
be owned in one country, operated from another
country, and registered by a third country, and crew
can hail from any country” [50]. The industry consists
of different business sectors depending on the type of
cargo being carried (bulk, tank, container or
specialized cargo, to mention a few), whether it is
providing services like port tugs and bunker ships,
services running on fixed schedules like container
lines, passenger and cruise ships, or whether it is
organized as tramp. The different sectors may have
differently = organized  economic models or
organizational structures to compete for business.
What the sectors do have in common is the highly
competitive terms of its business [56]. An essential
activity in shipping is thus to match the capacity to
carry cargo or perform given services with the needs of
customers, shippers or charterers. “This includes not
only providing the right service at the right price, but
also the buying, building, chartering-in and chartering-
out of ships in anticipation of international, but also
local and regional, market conditions.”[56].
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The shipping companies has access to a global
labour force as the IMO International Convention on
Standards of Training, Certification and Watchkeeping
for Seafarers (STCW) ensures basic requirements on an
international level, and the STCW certificates of
competence are internationally accepted. Crewing
management can thus be outsourced, and shipowners
have the possibility to optimize cost structures through
replacing the crew, or parts of the crew, with workers
from a different nationality. The recruitment period for
seafarers may be limited to a single voyage or a
contract for up to a year. Seafarers employed through
a crewing agency mainly interact with the crewing
agency despite that their contract of employment may
be with the shipowner. (Walters & Bailey, 2013).

Shipowners can decide to expand their fleet by
investing in second-hand ships or new ships, as well as
through the use of outsourcing and chartering, which
occurs frequently and makes a distinction between
ownership and the operation of a ship [56]. Investing
in a new ship can be done through buying a standard
ship type developed and ‘mass’ produced by a yard. In
this case the shipowner has little or no influence on
choice of equipment on board. An alternative approach
is to initialize a ship design process based on the
shipowner specific needs in terms of market, cargo
type, expected area of operation, and possible
equipment preferences and hull or machinery
constructional feature preferences. Shipowners may
approach shipyards with a preliminary specification
and general arrangement plan prepared by a ship
design bureau, or shipyards may have their own in-
house naval architect departments that can provide
both design and, subsequently to an agreement
between the parties, the production specifications and
drawings of a ship, usually also including the ‘maker’s
list'. In some detail, the maker’s list is a list of suppliers
negotiated and approved for delivery of equipment,
machinery or services to a particular (series of) ship to
be built, which forms an important part of the contract
between the shipowner and the shipyard, considering
that it sets a certain agreed standard and limits the
potential purchasing choices for the shipyard. The
main participants contributing to the ship design
process are the shipowner, the shipyard, and the ship
designer [57]. The suppliers of materials and
equipment are selected through negotiations and the
number of suppliers for a single ship may add up to
350 [57].

2.5 Maritime design regulations

The global nature of the shipping industry has led to
regulations mainly being developed internationally
through the International Maritime Organization
(IMO). The international Convention for the Safety of
Life at Sea (SOLAS) was incorporated by IMO when it
was founded in 1958, and this convention continues to
be the most important international maritime safety
mechanism [58]. The SOLAS convention governs
safety through 14 chapters that specify minimum
standards for the construction, equipment and safe and
secure operation of ships [59]. Chapter V, Safety of
Navigation, identifies a number of navigation safety
services which should be provided by Contracting
Governments and include subjects like maintenance of



meteorological services for ships, the ice patrol service,
search and rescue services and routeing of ships.

However, SOLAS Chapter V also relates to
equipment onboard ships conforming with the
convention, which counts almost all ships in the global
trading fleet. As such, SOLAS Chapter V Regulation 15
(V/15) sets forth “Principles relating to bridge design,
design and arrangement of navigational systems and
equipment and bridge procedures” [60]. Important in
the present context, these seven principles require a
series of usability considerations to be considered in
bridge design, bridge equipment and procedures.
Regulation V/15 is a goal-based regulation (also
referred to as function-based regulations) that sets
forth objectives which the designed product or system
shall achieve, however without offering a detailed
description of how to achieve them. Detailed
guidelines for physical ergonomic criteria for bridge
equipment and layout is made available in the IMO
MSC/Circular 982 [61].

The principles in Regulation V/15 are applicable for
decisions made for the purpose of applying the
requirements of several other regulations in Chapter V,
including Regulation V/19 “Carriage requirements for
shipborne navigational systems and equipment”.
Regulation V/19 outlines specific requirements for the
equipment that ships shall have installed, for example
compass, charts, ECDIS, radar, automatic identification
system (AIS), echo sounder, speed measuring devices,
track and heading control. For each of such
instruments, and underlying /supporting Chapter
V/19, IMO has issued Performance Standards for the
devices in question. One-by-one, the Performance
Standards outline, usually in rather high-level
language, the functionalities, and qualities of the
particular instruments, and thus serves the purpose of
ensuring that seafarers are provided with the
equipment and tools deemed needed to perform a
particular task, independently of the manufacturer of
the devices. However, due to the brevity and nature of
the IMO Performance Standards, they are less usable as
test standards to prove conformance, and for this
purpose, the International Electrotechnical Committee
(IEC) develops highly detailed test standards matching
the IMO performance standards. In other words, the
practice is so that manufacturers relate to the IEC Test
Standards when they develop their instruments, and
the IEC Test Standards in turn form the base for the
issuing of Type Approval certificates of navigational
instruments. This goes for any kind of requirements,
i, also including requirements to ergonomics of
equipment, where the combined requirements
contained in the appropriate IEC Test Standard and the
over-arching ergonomics requirements contained in
IEC 60945 [62] and IEC 62288 [63] are to be fulfilled in
entirety.

Ships flying the flag of a European Union (EU)
country, or one of the European Free Trade Association
(EFTA) countries, are further constrained to only install
marine equipment marked with the EU Marine
Equipment Directive (MED) mark of conformity, also
known as the “wheel mark”. The “wheel mark” is
issued by notified bodies that verify the equipment is
in compliance with all applicable standards for design
and production, including the IEC Test Standards
IEC60945 and IEC 62288, all together specifying the

minimum performance requirements, methods of
testing and required test results of particular devices.

There are several test methods outlined in IEC62288
that can be applied for validating the equipment’s
compliance: inspection of documented evidence,
measurement, observation, and analytical evaluation.
Of particular relevance for this paper, it is noted that
this standard describes how testing according to the
requirements of ‘analytical evaluations’ are to be
performed:

“Analytical evaluations may be made by a relevant
expert with the necessary education, skills and/or
experience to make an informed and reliable
judgement concerning the presentation of information,
its appropriateness and usability. It is used for the
evaluation of properties which can be judged only in
the context of other information or knowledge which
requires the tester to make an informed assessment of
the likely performance of a typical user of the
presentation.” [63]. The appointment of “a relevant
expert” is at the discretion of the notified body.

The flag state is responsible for national
enforcement of the international maritime regulations.
The Norwegian legislation directly addressing ship
bridge design is found within Regulation 1157 2014-09-
05 [64] where SOLAS Chapter V/15 is implemented.
The flag state administrations are responsible for
surveying and issuing certificates that confirm ships
are designed, constructed, maintained, and managed
in compliance with the IMO regulations for ships
flying their flag, a task which the flag state
administrations at their own discretion may delegate
either to surveyors nominated for the purpose or to
recognized organizations (ROs), to perform the
inspections and surveys required to validate
conformance.

3 METHODS

The empirical foundation for this paper consists of
interviews with seafarers, shipowners, a shipyard,
equipment manufacturers, a flag state, classification
societies and insurance companies. In total, 42
informants have been interviewed in the period 2018-
2021. An overview of the informants is presented in
Table 1. The maritime sector consists of a vast array of
possible stakeholders in ship bridge design. The
stakeholders in this study were selected using a
snowball sampling approach, initiated through the
interviews with the end-users - the seafarers - and
further developed through the subsequent interviews
with informants from other stakeholder groups.

All seafarers, except one, worked as captains or
deck officers in Norwegian companies at the time of
the interviews. One seafarer was a lecturer in nautical
studies with previous sailing experience as a captain.
Semi-structured interviews were performed during
field trips on board three passenger ships and two
offshore supply vessels. The onboard visits allowed for
observations that complement the interview data. In
addition, a focus group interview with six high-speed
coastal vessel deck officers was performed at a
Norwegian education facility.
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Table 1. Overview of informants in the study.

Stakeholder group Job titles No. of persons
Seafarers (working on passenger ships, high-  Deck officer/Captain 21

speed coastal vessels, offshore supply vessels)

5 Shipowner companies (with fleets consisting Head of HSEQ & Human Factors/ Electro Automation 5

of bulk-carriers, oil- and gas-tankers, cruise
ships, offshore support vessels
3 Equipment manufacturer companies

Engineer/Marine and HSEQ Manager/Vice president
newbuilding/ Senior Marine Advisor
Vice President R&D/Senior Designer/ Principal engineer HF 5

and maritime HMI/ Service engineer and Project

Manager/Salesperson
2 Classification societies Head of Section/HF Consultant 4
1 Flag state (The Norwegian Maritime Senior engineer/Senior Advisor 3
Administration)
2 Marine insurance companies Senior Loss Prevention Executive/ Loss Prevention 3
Director/Vice President
1 Shipyard Naval Architect 1
Total number of informants 42

Table 2. The findings from each stakeholder group in this study.

Stakeholder group  Influence & Interest
Seafarers Design issues
Takes responsibility for handling suboptimal usability through adaptations
No/low design influence, high interest
Shipowners Low interest, perceived influence varies from low to high
Responsibility for usability sits somewhere else
Profitability prioritised
Equipment High interest in involving end-users through HF methods
manufacturers Influence through design and development, however HCD processes are challenging (cost
(profitability), regulations, customer requirements, barriers to including end-users)
Shipyard Have influence but low interest (due to lack of awareness about HF and usability)
Prioritize completing project within time/budget/contract specs (profitability)
Classification SOLAS V/15 a «dormant» requirement
societies HF not part of standard packet class
Market competition forces minimum notations (profitability)
High interest but influence through voluntary notations (chosen by shipowner)
Flag state Interest and influence on conventional ship building is medium
SOLAS V/15 not followed up through supervisory work
No national requirements beyond international due to risk of ships flagging out (economic
considerations)
Industry have responsibility for challenging regulations
Insurance Not responsible, low interest, low influence

Work on behalf of shipowner

Indirect influence through awareness campaigns (towards seafarers)

The interview with the other stakeholder groups
took place in the informant’s workplace or remotely
using a web conferencing tool. The shipowner
informants had different roles in company
management, they were all decision-makers
concerning ship bridge design and equipment. They
were employed in shipowner companies with
international operations, four which have their main
office in Norway and one in UK. The shipyard
informant was a naval architect that had worked for
several years in a shipyard in Asia. The equipment
manufacturer informants worked as designers or
engineers in Norwegian companies or in a Norwegian
department of an international company. The Flag
state informants worked in relevant departments in the
Norwegian Maritime Authority. The informants from
the classification societies worked at either the
company head office in Norway or in the head office in
UK. The insurance companies operate internationally,
and the informants worked either in the company head
office in UK or in Norway.

All interviews were semi-structured [65], lasted for
about one hour and were conducted by one or two
researchers. In the interviews, we asked the informants
about their role, their interest in and influence on ship
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bridge design and usability, and how they perceived
other maritime actors’ role, equipment preferences and
priorities, and design related to performance and
safety. The interviews consisted of open questions
focusing on the informants” experiences and opinions
and allowed the informants to talk freely about
different aspects of the topics we introduced.

The data material consisted of field notes and
audio-recorded interviews that were transcribed
verbatim. The transcriptions are the source of the
quotes in Section 4.

3.1 Analysis

Thematic analysis (Braun and Clark 2008) was initially
used to analyse the data in this study. This method
allows for identification of themes across the data in a
systematic manner. The data material for each
stakeholder group was first analysed separately.
Initially the data from the three stakeholder groups
seafarers, equipment manufacturers and shipowners
were subjected to open coding, which broke down the
material to smaller sections before comparing, refining,
and clustering codes into themes. This work was



published in[28, 55]. The topic of stakeholders’
influence and interest in ship bridge design was then
further developed through performing additional
interviews with a shipyard, a flag state, classification
societies and insurance companies. The additional data
allowed for a re-analysis and comparison of findings
across the seven stakeholder groups. The findings
concerning interest and influence on ship bridge
design for each stakeholder group are shown in Table

The approach of generating knowledge about
stakeholders’ behaviour, inter-relations, interest and
influence on a particular process or decision-making is
known from the stakeholder analysis literature [48, 66].
This knowledge can be used to develop strategies for
managing stakeholders of projects or organisation in
order to facilitate the implementation of specific
decisions or organisational objectives [48], however, in
the present case, the knowledge generated focused on
the informants perceived influence and interest in ship
bridge design, with the ultimate aim of shredding light
on existing factors that may hamper progress in this
direction. Moreover, the resulting insights were used
to suggest possible ways forward.

3.2 Scientific quality

Several measures have been applied to ensure the
trustworthiness [67, 68] of the current study. The initial
coding was performed by the first author. In addition
to the authors of the current paper, five researchers
with extensive experience from research within the
maritime sector, human factors and safety, have been
involved in both the data collection, analysis, and
writing during the course of the research, which
strengthens the credibility of the study. When
performing interviews, one cannot be sure whether the
informants are providing an accurate account of their
experiences and thoughts or if their accounts are
adjusted to what they think the researcher is interested
in, or what others, like company management, would
like to hear. However, the topics raised in this study
were not of a personal or sensitive nature. The
informants seemed to find the topic interesting and
willingly shared their experiences and opinions. In
addition, serving as a kind of triangulation,
information obtained from previous interviews and
observations was continuously discussed during
subsequent interviews.

There are some factors relevant for the
transferability to other contexts of the study. First, the
data sample does not include all sectors within the
maritime industry. The authors acknowledge that
there is an extensive network of actors and
stakeholders in the maritime industry in addition to the
stakeholder groups included in this study. There is also
a limited number of informants from each stakeholder
group. However, the richness of the data collected has
allowed for an analysis that identified patterns across
the stakeholder groups concerning their perceived
interest, influence and responsibility for usability in
ship bridge equipment design. Second, the majority of
informants in the study are Norwegian and the
findings may first and foremost reflect a situation
specific for the Norwegian and/or European maritime
sector. Considering the international nature of the
maritime industry where the stakeholders operate,

compete, and are regulated internationally, the
conclusions drawn may still have broad relevance. The
results provide descriptions from which readers can
make judgements relating to the transferability of
results to other, specific contexts. Further research is
needed to establish the relevance of the findings for
specific maritime sectors, geographic areas, or the
maritime industry in general.

4 RESULTS

In this section the findings from the interviews with the
stakeholder groups seafarers, shipowners, shipyard,
equipment manufacturer, flag state, classification
societies and insurance companies are presented.

4.1 Seafarers

The navigators are the stakeholder that has the most
obvious interest in ship bridge design. Navigating a
ship requires management and interaction with many
pieces of equipment. The function and design of
individual equipment as well as how the equipment is
physically organized to constitute the overall work
environment have direct impact on seafarers’” work
tasks and work performance. In our fieldwork and
interviews with seafarers we found many examples of
suboptimal usability in ship bridge design and
equipment. The frequent existence of suboptimal
usability was also confirmed by the other stakeholder
groups.

One example of equipment not fit for the context-
of-use is the lack of possibility to dim screens during
night-time, an issue that frequently came up during the
interviews and field trips:

“That screen, you have it in front of you all the time, it
cannot be dimmed properly so you lose your night vision
while you are steering the ship. We used to cover it with a
patch. In return we could not see the alarms from the
propulsion system, we heard the alarm and had to lift the
patch. When you are in a narrow fairway and a pilot is
shouting at you, it starts beeping and you have to lift the
patch and in addition lose your night vision”

The seafarers expressed frustration over systems
and equipment that do not accommodate their tasks
and the context. Still, they manage to do their job
through creative ways of adapting to less successful
designs, as also described in [28].

All in all, the seafarers describe they have little or
no influence on ship bridge design. The seafarer’s
involvement in ship bridge design in a newbuilding is
usually restricted to a captain being part of a site team
or being allowed to give his opinion during the final
assembly e.g., regarding placement of certain items in
the consoles. The seafarers would like to have more
influence, however finding ways to give feedback can
be challenging. In our study we did not find any
systematic feedback system in place and the seafarers
may find it difficult to be heard, as this quote
exemplifies:

“I have tried but got the message: ‘thanks for the input but
we have already paid for this solution’. Then designers,
engineers and sales have related to classification,
regulations, and authorities, then they deliver the order to
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the yard, and on top is the owner that has paid for the
solution already. When you as the end-user express what you
would like to have the message is ‘Sorry, you are half a year
to late”

This quote also sums up who the seafarers think
have influence on ship bridge design, designers,
engineers, sales, class, regulations, authorities,
shipyard and shipowner. Several seafarers pointed to
the fact that many actors and competitors are involved,
as contributing to the lack of usability.

4.2 Shipowners

Shipowners can be organized in different ways, it can
be a company, a person or an investment fund owning
ships. Shipowner companies can range from small
family-run companies owning one or a few ships to
multinational companies owning hundreds of ships.
The different functions like ship management,
technical management, purchasing, insurance and
human resources may be departments within the
company, or it may be outsourced to a third-party
company.

The shipowners in our study span from describing
their interest and influence in ship bridge design from
being high to low. In the high end of this scale, the
offshore support vessel company expressed an explicit
interest in ship bridge design, not only to ensure safety
and production but as part of ensuring crew well-
being. During the ship building processes they
described following up both on the equipment
manufacturers and the yards closely to make sure the
bridge design had the intended standard. Their own
judgement was that they spent more resources than
most shipowner companies on ship bridge design, but
that it paid off in the form of good working conditions
for the crew:

“I think we gain on that. We have spent resources on this,
but throughout the ship’s lifetime the everyday life of people
on board is much better, that way it is worth it.”

The other four companies in our study, ranged both
their interest and perceived influence on usability in
ship bridge design to be medium to low. They all
emphasize that building a ship is a considerable
investment, and shipowner management is focusing
on big picture issues of a ship’s construction and
specifications, such as cargo carrying capacity, the
number of passengers, speed, efficiency, i.e., the factors
that are important for a profitable investment. For
these owners it is important to keep the costs to a
minimum and usability on the ships bridge is not
worth an additional investment. The large bulk and oil
tanker companies described buying ships more or less
off-the-shelf. They also prefer buying several shipsin a
series with standard design as they find this decreasing
investment cost and crew training cost.

One of the informants from these companies did
think that they have some influence on bridge
equipment through what they choose to buy and how
much they are willing to invest:

“We do have some power, we build maybe 10 boats per year,
and we are buying them, so we have the possibility to make
requirements and invest more money if we want to. If we get
in early, we can request to redesign the whole bridge without
additional costs. So, the owners have a lot of power in this,
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we can drive things forward, but in almost all shipowner
companies they now use equipment made in Asia”

Although this shipowner found they have some
influence, the shipowner informants pointed to the
regulators, shipyards and equipment manufacturers as
the stakeholders with the main influence on ship
bridge design. The informants expressed that safety of
navigation is ensured by complying to regulations:

“...as long as you follow the rules and requirements you are
safe”

The belief that safety is ensured by regulations may
have influenced their interest in safety and ship bridge
design. This was currently not a topic of specific
interest for these shipowners:

“Of course, safety is always an important thing, but that is
not where you feel it is urgent right now, after all, we do have
relatively safe equipment already”

It was also emphasized that if there is a need to
change anything it should be done through regulations
as both equipment manufacturers and shipowners are
forced to prioritize compliance:

“I think the easiest way to make changes is through
regulations, because they will be followed by both the
equipment manufacturers and shipowners”

When the shipowner signs a contract for the whole
ship, the shipyard has the design responsibility. The
shipyard chooses equipment suppliers depending on
their negotiations and agreements with suppliers and
if the shipowner would like a different supplier it will
come with an additional cost, as explained by one
informant:

“We had in the contract what they call a makers list, so you
had to have at least three possible suppliers for the bridge
equipment that the ship yard could choose and then we would
get the specifications for the supply and either approve it, but
if you wanted an alternative supply we had to pay the
difference in the cost between the supplier we wanted and the
supplier that the ship yard had chosen. (...) then we would
say ‘I'm sorry we are not going to pay the extra’”

Usability was perceived to be the responsibility of
equipment manufactures and the equipment
manufacturers should also bear the cost for developing
usable equipment. The competitiveness of the
maritime industry was emphasized, and one informant
described themselves as ‘the weak link in the food
chain’, thus other actors must take responsibility for
the equipment on the bridge:

“Everybody is always turning towards the shipowners to
pay more, but financially it must be very critical for the
shipowners to do more. The shipowners might think that the
equipment manufacturers have the responsibility to deliver
safe equipment that is easy to use and of course the maritime
institutions have a responsibility to educate people, so they
are capable of handling the equipment”

In other words, as this quote additionally illustrates,
the shipowners also pointed to the seafarers’ training,
competence and their responsibility for being able to
handle the available equipment.



4.3 Shipyard

The shipyard is where new ships are being constructed
or where service and maintenance repairs or
conversions, modifications or upgrades of ships are
performed. Most shipyards have a design department
and an engineering department. Naval architects are
important professionals in this context as they work
with ship design at the conceptual and construction
levels, as well as often being involved in project
management.

The building time which consists of both the design
phase and the building phase, is an important cost
parameter for a shipyard. Depending on the market
situation, ships like tankers and bulk carriers are
increasingly built in larger series from a standard
design to increase the production efficiency of the
shipyard. After the first vessels in a series have been
built and construction bugs have been ironed out, there
is seldom much more to be done by the design and
engineering departments, leading to a per-ship cost
reduction and shortened delivery time. Shipping
companies do not need to be involved during this type
of building process. Neither is it usually being
considered in any detail what particular kind of
operations the ship will be used for, where should the
ship sail, what kind of crew will operate it etc.; designs
of this nature are aimed a world-wide, unrestricted
trading.

Naval architecture is an engineering-based
profession and according to our informant, ship
operations or the human-factors needs of end-users are
not part of their professional focus. The informant
describes the ship design process being about going
into the ship design spiral and try to complete the
design fulfilling all main requirements within the
given time. An alternative approach, experientially
very often used as a starting point for a new design, is
to use the drawings from an already approved (sister)
ship.

Concerning the ships bridge, the naval architect
designs the outline of the bridge and can also be
involved during the detailed design at the shipyard.
The equipment manufacturers may deliver finished
consoles, or consoles can be designed and produced by
the shipyard and their sub-suppliers, in which case the
equipment suppliers deliver components and
drawings. Bridge equipment may be bought as
individual sub-systems or components, resulting in
equipment coming from perhaps 5-10 different
equipment manufacturers, which all may have
different operating philosophies.

The informant is of the impression that usability
and implementation of human factors considerations
into design differs considerably between equipment
manufacturers. However, the informant emphasize
that a naval architect will not start a discussion with
stakeholders regarding human-factors related end user
needs. As long as there are no compulsory
requirements regarding usability or human factors this
is not on a naval architect’s agenda. According to the
informant, although being aware of guidelines for
implementing human factors in design, both from
classification societies and standardization
organizations, it is not clear who should be responsible
for using them.

4.4 Equipment manufacturers

Equipment manufacturers are companies that make
maritime equipment for ships, including specialist
hardware, software, diesel and electrical propulsion
systems, bridge equipment or DP systems. The
equipment manufacturers in our study were either
delivering a few specific pieces of bridge equipment or
a whole range of bridge equipment, including consoles
and integrated bridge solutions.

All equipment manufacturer informants in our
study expressed high interest in usability and in
involving seafarers in their design and development
processes. However, there is a trade-off between this
interest and time and cost considerations in the
development processes. The price of their product is an
all-important factor when competing in the maritime
market.

Their influence is considerable in the sense that they
design and develop the equipment and systems to be
used on board. However, the informants depict several
factors that limit this influence. Regulations are an
important factor. The intention of regulations, to
ensure a certain standard that contributes to safety, are
perceived as positive. However, they also experience
regulations, i.e., the IMO Performance Standards and
the IEC equipment test standards described above, as
being a hinder for innovation and restricting design
solutions towards lower usability. As an example, one
of the equipment manufacturers has ECDIS as the main
part of their portfolio and ECDIS, like all other
mandatory bridge systems required by SOLAS
Regulation V/19, must comply with detailed
regulations. In their opinion some of the requirements
lead to solutions that create unnecessary challenges for
the users:

“We would like to see that the experiences we have from
being close to the user group would be taken into account.
We see so many times that the standards have things that
works directly opposite of the intention, it reduces safety
although the intention has been the opposite”

Another factor limiting equipment manufacturer
influence is the customer requirements. The customer
is either representing the shipowner or the shipyard,
not the end-user directly. The equipment manufactures
experienced that shipowners can have their own
subjective opinions regarding the bridge which may
lead to altering the design in ways that designers think
makes the bridge less usable.

“In the end the owner decides, not the people using it. He
(the owner) overruled it even though all the users wanted the
ergonomic solutions.”

It may be difficult to get a position in the market
based on selling the concept of usability. The maritime
market is focused on cost effectiveness and equipment
developed through user-centered design process does
not mainly compete on price, but in addition on
intangible benefits like increased safety, efficiency,
effectiveness and user satisfaction, which are difficult
to quantify in a business case or purchase decision.

In addition, it may be a challenge to get access to
seafarers and ships and none of the equipment
manufacturers had any systematic way of collecting
feedback from operations. The informants also
described tensions within their company regarding
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time and cost spent on design and development
processes:

“We would like to be more out (in the field) but it is
challenging to achieve (...) we have technical personnel that
does it, in a way we who have the user-centred design part
we do not have any tasks or system to fix, at least not
something that everybody sees. We do see the need for it.”

4.5 The Flag State

The flag state is responsible for the enforcement of
national and international maritime regulations on
ships flying their flag. The Norwegian Maritime
Authority (NMA) is subordinate to the Ministry of
Trade, Industry and Fisheries and the Ministry of
Climate and Environment. The Norwegian legislation
directly addressing ship bridge design is found within
Regulation 1157  2014-09-05 Navigation and
navigational aids for ships and mobile offshore units,
where SOLAS Chapter V and the IMO MSC circular
982 is implemented. However, the focus on regulation
V/15 through supervisions seem to be limited:

“The intention to include it in the requlations, regulation 15
states the considerations that must be taken when designing
and placing equipment on a bridge. The guideline (MSC
circular 982) addresses these considerations but from there
to being good at actually using it in our supervisory work is
to go a bit far”

Concerning ships being built within existing
regulations the flag state informants considered
NMA'’s interest and influence to be medium. The
influence is essentially through providing the
framework conditions through regulations, including
supervision and auditing to ensure compliance with
legislation. The informants express being comfortable
with having general regulations with minimum
requirements, as that provide the same conditions of
competition in some areas. The informants are of the
opinion that prescriptive regulations may limit
innovation; however, goal-based regulations are
difficult to follow up:

“The issue with goal-based and function-based, the problem
is its all good but when you have to measure something and
set an acceptance criterion or standard for what should be
allowed, you need to have some known factors to measure up
against, so that everything does not become completely
abstract”

The NMA is aware of existing challenges regarding
design of ship bridges and bridge equipment. They
point to the lack of standardisation considering a
holistic view on the bridge work environment guiding
how the different pieces of equipment should be placed
together. Currently it is up to equipment
manufacturers, yards, and shipowners to decide how
this is done and the practice varies between ship types
and within different segments in the industry. In
general, the informants have the impression that HMI
and human factors developments is not fully exploited
in maritime sector, which can be connected to the
strong focus on profitability. Still, it is important for the
NMA that Norwegian requirements do not go beyond
IMO regulations, due to the goal of ensuring
predictable conditions for the industry and to reduce
the risk of ships flagging out.
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The NMA is responsible for bringing issues to the
IMO, however, the NMA is of the opinion that the
industry also has a responsibility for pushing
regulations forward.

“I would like to see the industry challenge the regulations.
As new equipment becomes available or new research that
says something about which resolutions and colors are best,
T'would like to see that automatically forwarded. I am unsure
if this is the case, you do get the impression that they are most
concerned with staying within the regulations when
building a vessel. I understand that they do, but someone has
to take the fight.”

4.6 Classification Societies

Classification societies are non-governmental business
organizations that establish technical standards for the
construction of ships. Based on plan approval and
onboard inspections during the building period of a
ship, they issue classification certificates that verify
that the construction of a vessel complies with their
standards; certificates that are maintained throughout
the lifetime of the ship through renewed surveys. The
class certificate is necessary for the shipowner to
register the ship in a flag state and obtain marine
insurance. The certificate of class will include class
notations that signify which rule requirements are
applicable for the assignment and retention of class.
While the basic class notation is mandatory, other
descriptive class notations are optional and can cover
different aspects, for instance ship type, special
structural or engine standards, or, depending on the
ship type and the wishes of the owner, there are also
notations regarding navigation and manoeuvring. In
addition to delivering their own services, classification
societies can also have a role as Recognised
Organisation (RO), meaning the flag state has
delegated the responsibility for inspection and
supervision of the flag state rules to the classification
society.

Bridge and bridge equipment is not part of
classification unless the shipowner wants a specific,
navigation-related voluntary notation. Following up
SOLAS V/15 is not a priority for class societies:

“Regulation 15 says something about bridge design, but it is
almost a dormant requirement in relation to SOLAS ships.
There are not many requirements for it in relation to normal
standard class or SOLAS ships, but some flags i.e., Germany
and Norway have said that IMO circular 982 applies, that
they are minimum requirements. So, when you build a main
class ship according to SOLAS, the 982 also applies and then
it is quite significant, however the follow-up I do not want to
say much about”

The informants experience from the role as RO is
that it is common for the flag to give exemptions from
this part of the regulations. The informants think that
traditionally class societies have focused on the
technical solutions and not been concerned with
operations. Also, the majority of surveyors from class
societies have technical background and human factors
knowledge is not part of their training. The class
surveyors follow guidelines and checklists concerning
technical systems and equipment and they often work
under considerable time pressure.



All mandatory equipment required by SOLAS
Chapter V/19 has type approval, and according to the
informants, installation and placement are equipment
manufacturer and shipowner responsibility. From
class point of view the shipowner has the main
influence on ship bridge design, illustrated by the
following quote:

“We think it is entirely driven by the owner/operator. Every
other player in the industry is just selling stuff or providing
services. (...) the only ones putting money in in the end,
either by buying stuff or by running stuff, is the
owner/operators. Everyone else are passengers. (...) if the
owner/operator is not interested and does not provide
sufficient information and requirements, nothing is ever
going to happen. That is a big problem, because increasingly
owners are banks”

Class considers their interest in ensuring safety
through bridge design as being high. However, their
influence on ship bridge design is through selling and
developing the optional navigation and maneuvering
notations. These are adapted to different ship types
and may include requirements for different working
positions, what kind of equipment should be there,
placement, visibility etc. The sales argument being put
forward is that navigation notations will give lower
insurance, meaning that although investment in design
is higher cost is saved on lower insurance. One of the
informants emphasize that through developing these
notations they contribute to push the industry forward.
If the shipowner chooses a high navigation notation
their influence through this notation is high. However,
this classification society recently had to develop a new
notation that only have minimum requirements in
addition to SOLAS. This notation was described as
necessary due to the demand in the market for a simple
notation that requires minimum investments.
Providing such as notation is part of the competition
with other classification societies that provide these
types of notations.

4.7 Insurance

Insurance is the shipowner’s protection against
financial loss due to accidents and incidents. Marine
insurance has two main areas: 1) hull and machinery
that cover the risk of property damage and 2)
Protection and Indemnity (P&I) insurance that cover
open-ended risks, like third party liability for cargo,
injuries to people or environmental damage. (The loss
associated to not operating is still with the owner).

Insurance companies are impacted by ship bridge
design in terms of claims due to navigational incidents
and accidents. According to the insurance companies,
although the ship accident rate is declining every year,
the risk remains the same as the consequences are
higher, the ships are larger, systems are more complex,
and claims are larger. However, collisions and
groundings do not lead to the largest claims:

“Pollution claims are high cost as you can imagine but not
very frequent (...) but what we get they are very expensive
so in terms like that collision claims, groundings, in real
terms are not a huge problem, they are acceptable within
insurance terms anyway.”

The insurance company informants state that both
their interest and influence in ship bridge design is low.

They have no direct influence on shipowners regarding
ship design or choice of bridge equipment. Especially
the P&I club emphasized that they are working on the
shipowner’s behalf, they are brought in by the
shipowner to protect him/her from the unexpected and
interfering with the design of ships is not part of their
responsibility.

According to the insurance companies it is a
misconception in the industry that insurance premium
can be influenced by the choice of ship bridge
equipment. The insurance premium is calculated in a
conservative way based on the historical number of
claims. The reward in the form of lower insurance
premium will only occur when no claims have been
shown over time:

“Insurance is just gambling you know, insurance gamble
that you are not going to have a claim and proceeds the
premium (...) answer to the underwriters is: well if you do
this claims will go down so you will clearly get less premium,
but at the end of the day insurance is a market place, it’s all
down to if you have a lot of claims that you have to pay a lot
of premium, that’s the system.”

One of the insurance companies stated that they
would like to have more impact on safety and ship
bridge design, especially the opportunity to connect
insurance premium level to class notations but they
claim that will not be agreed to by the underwriters.

The insurance companies do regard they have
indirect influence through the awareness campaigns
run by their loss prevention departments towards
seafarers:

“We have had lots of awareness presentations on what we see
in navigation accidents, including the use of systems,
understanding of positioning. It is based on the requirements
we see, to try to avoid seafarers making the same mistakes
(...) and the problem is that our audience is the seafarers, the
navigators and not the superintendent or the technical
personnel in the shipping company”.

5 DISCUSSION

5.1 SOLAS V/15 —a ‘dormant’ requirement

SOLAS V/15 requires that human factors’
considerations are the basis for all decisions “which
affect bridge design, the design and arrangement of
navigational systems and equipment on the bridge”,
ie, in our interpretation, that the navigational
equipment and systems must be usable; must be good
design. Achieving usability requires however requires
active involvement of end users throughout the design
and development process [20, 45, 46]. In this study we
find that the core regulation underpinning this
demand, SOLAS V/15, is neither applied systematically
in the design and development processes, nor is it
having a significant position and impact during the
ship design and purchasing processes, and nor is it an
explicit, or even implicit, part of the survey work by the
regulators.

The seafarers in our study have high interest in
usability in ship bridge and equipment design as they
are directly affected by it [49] through their daily work.
However, they experience having little or no influence
on ship bridge design or the selection of equipment,
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whether it is the design and development process or
the purchasing process. With the widespread use of
crewing agencies and short employment contracts [56]
there are few possibilities for seafarers to interact with
the shipowners or other stakeholders to give feedback
from the use of ship bridge equipment. Even in
organizations where owners’ representatives —
superintendents — are recruited among seafarers, and
thus understand the end-user needs from their own
practice, there is little impact to be observed.
Speculatively, the underlying cause for this paradox
could be that their freedom of action is tuned to the
same agenda as most other members of a ship owning
organization: ensuring compliance to rules, cost-
neutrality (or cost-reduction), and timely delivery of
the ship so that a return of investment can commence.

Seen from the perspective of the other stakeholders
there are differing reasons for not involving seafarers
in design and purchasing decisions. The equipment
manufacturers in our sample expressed high interest in
usability and in involving seafarers in the design and
development process. However, they experienced that
their access to ships and seafarers is limited. To involve
seafarers arguably also adds time and cost to a
development project which reduces the profitability
margin, and since there does not seem to be an explicit
market demand for usability, ‘going the extra mile’
could be considered as a luxury.

The purchasing process is another opportunity for
involving seafarers in bridge design decisions and
equipment selection, where seafarers’ experience
would be able to influence the choice of equipment
towards instruments with superior usability. The ship
purchasing process is however usually a negotiation
between the shipyard and the owner/buyer, and these
negotiations often revolves around the main
characteristics of a newbuilt ship like speed, fuel
consumption, capacity, delivery time, and cost.
Usability is not on the table, apart from the implicit
assumption that compliance to the IEC test standards
provides usable systems. This was emphasized by
some of the shipowner informants, that believed as
long as you comply with regulations, the level of safety
is good enough, and there is no reason to invest more
time and money.

Based on the maritime actors focus on cost
efficiency it would seem like a viable idea to connect
insurance premium to the choice of ship bridge
equipment. However, according to the insurance
companies’ informants, the insurance premium is
conservatively calculated based on the historical
number of claims. Despite running awareness
campaigns directed towards seafarers on how to use
equipment on the bridge, the state that they are in
general neither interested nor involved in ship design
processes.

Regulators can ensure compliance through their
plan approvals and subsequent survey work.
However, they seem to have conflicting relationships
between  balancing  safety and  economic
considerations. The class societies express high interest
in usability in ship bridge design but their only
possibility to influence design is through voluntary
navigation notations. Class societies are also part of the
competitive maritime market and must provide
‘cheap’ notations that require minimum investments to
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compete for business. As such, they are in the main no
driver for usability in the industry. One class society
informant described SOLAS V/15 as a ‘dormant
requirement’ not followed up by anyone in the
industry: “It says something about bridge design in
regulation 15, but it is almost a dormant requirement
in relation to SOLAS ships”.

The flag state is, as described, responsible for
enforcing the international regulations on ships flying
their flag. One example is Norway, where it is
important for the NMA to ensure a level playing field
also on a world-wide scale, i.e., predictable competitive
and reasonable conditions for the shipping industry,
and thus avoiding any additional national
requirements that can enhance the risk of ships
flagging out. SOLAS Regulation V/15 is, it transpires,
not actively followed up within the NMAs supervisory
work, and moreover, one of the flag state informants
brought up the challenge of following up goal-based
regulations: “you need to have some known factors to
measure up against, so that everything does not
become completely abstract”. As opposed to the chain
of prescriptive regulations and standard tests
underpinning the implementation of SOLAS V/19 —
IMO performance standards and IEC test standards,
the goal-based requirements in SOLAS Regulation
V/15 requires both specialized human factors and
seafaring knowledge, as well as an out-of-the-ordinary
effort from designers and surveyors to be
implemented. So, while the benefit of goal-based
regulations is the freedom in developing technical
solutions to meet the goals, there seem to be a need for
providing the required knowledge to follow up SOLAS
Regulation V/15 in a form that can be understood and
applied by the relevant actors.

5.2 Usability — somebody else’s problem?

The stakeholders in our study varies in the expressed
interest in ship bridge design, and represents a
continuum that spans from ‘high” when it comes to the
seafaring end-users, all the way to ‘low” when it comes
to the shared tacit understanding by other stakeholders
that is agreeable to consider SOLAS V/15 as dormant
and settle for compliance to SOLAS V/19. The
perceived possibility to influence ship bridge design
was often seen in the context of responsibility for
design and design processes. One common pattern is
that stakeholders refer to the shipowners as
responsible for the equipment on board their ships.
Another pattern is the stakeholders referred to the
regulators, or the regulations, as responsible for
ensuring safety and as a major influence on usability.
Maritime stakeholders are in general committed to
regulatory compliance, as it is necessary to be allowed
to operate. We wholeheartedly agree to the impact of
maritime regulation and see the IMO instruments as
essential for the safety of shipping. However, we do
not immediately support that IMO is lacking behind
when it comes to the institutionalization of maritime
usability. On the contrary, we suggest that the IMO in
this case have made the necessary provisions through
SOLAS V/15; however, and much to be considered,
what appears to be the less-than-vigilant enforcement
of this regulation leaves usability up to the different
maritime actors. The resulting fragmentation of
responsibility for usability is evident, as the actors



suggest — think - that the responsibility for usability sits
somewhere else, as illustrated in Figure 1. The figure
illustrates  the  fragmentation of  perceived
responsibility but also that the distribution of arrows is
not symmetricc most arrows points towards
shipowners. Most shipowners meant usability is the
responsibility of shipyards, equipment manufacturers
and regulations. They also pointed out the seafarers’
responsibility for being able to handle the equipment.
On the other hand, seafarers, equipment
manufacturers, class societies, flag state and insurance
companies are of the opinion that the shipowners are
responsible for ensuring usability in ship bridge
design. It is also interesting to note that the insurance
informants believed shipowners are responsible for
usability while their awareness campaigns are directed
at seafarers and their use of equipment. In other words,
the stakeholders believe responsibility for usability sits
somewhere else - it is somebody else’s problem.

Ideally, the knowledge from research and design
efforts already undertaken would lead maritime
stakeholders involved in ship bridge equipment design
to understand the value of ergonomics and prioritize it,
regardless of whether it is supported by mandatory
rules and regulations. However, as usability arguably
is associated with cost, we find it is unlikely that
improved usability of bridge systems and equipment is
something that will appear by itself within the world
fleet, unless practice is changed, and — everything else
equal — a more subjective drive for safer and cleaner
oceans becomes a part of the decision-making fabric.
This unfortunate notion also springs from the
consideration of the difficulty of constructing a
credible business case in favour of good bridge system
usability, unless the cost of potential accidents is
included — accidents, which however, in the eyes of the
insurance companies, are ‘not a huge problem, they are
acceptable within insurance terms anyway’.

Class
Soclety

Figure 1. The allocation of responsibility for usability in ship
bridge design, as perceived by the different stakeholders. The
arrows pointing towards seafarers is about their
responsibility for handling the equipment. The background
circles indicate the existence of additional stakeholders, who
may also have influence on usability in ship bridge design.

5.3 A way forward?

One could believe the closing statement above to be a
kind of stalemate, at least unless a workable shortcut
could be found. In the foregoing, the present situation

arguably resulting in poor usability of bridge systems
and equipment has been outlined. Stakeholders appear
to recognize these shortcomings, appear to show an
interest in improvements, but see a potential solution,
or solutions, as somebody else’s problem. Moreover, in
spite of the provisions of SOLAS Regulation V/15,
expectations apparently are that a change of rules is
needed to make usability requirements more explicit
than they already are, also considering IEC 60945 and
IEC 62288, and from our data it seems that the industry
is waiting for the IMO to initiate such a process.

Pursuing this line of thinking, it seems relatively
clear to the authors that usability considerations
relating to bridge design and the design of bridge
equipment could be made more explicit, and that the
provisions of SOLAS Regulation V/15 could be made
more operational through descriptions of usability
inspection methods, and the transfer of generic human
factors knowledge to more technically-oriented
stakeholders, i.e. tuned to the typical audience of
maritime design engineers, marine superintendents,
surveyors and plan approvers. We suggest that actions
towards such a change are initiated, towards what we
see as long-term improvements of maritime safety
through improved usability and the associated
reduction of errors and mishaps that often are
attributed to humans. On the other hand, we also
recognize that such actions, as well as the
corresponding cultural adaptation that rather likely is
also a component necessary for success of such a
scheme, is a very far reaching, serious and time-
consuming venture, ignores the need of a here-and-
now return-of-investment (ROI), and all in all, such a
scheme is possibly to the timescale of decades, rather
than years.

With this in mind, our thinking keeps reverting to
the position that the present regulations actually do
seem to state what appears to be needed in way of
usability requirements, especially considering the
powerful wording of SOLAS Regulation V/15, but also
the wording and the test regime included in IEC 60945,
IEC 62288 and the individual equipment test standards
which could suffice in many respects. On that basis, we
ask ourselves, could there be a short-cut, a simpler,
more expedite and less complicated way forward,
without a major revision of rules, and a massive change
of culture in the maritime industry? We have arrived at
the conclusion that there could be such a solution. Our
suggestion is that a shorter-term, potentially
immediately effective approach, could possibly be
brought about if end-users were to be much more
clearly represented in the process of plan approval,
system assessment and type approval of maritime
instruments. As mentioned above, the present test
methods often call for expert evaluation, but leaves the
definition of experts open — but, if the norm for the
definition of ‘expert’ was to include current seagoing
experience and a relevant seafaring career, many of the
‘pass’ criteria in the various standards would not need
explicit explanations. The term ‘intuitive’, which is
seen in both IMO Performance Standards and IEC Test
Standards would, for instance, take on a much more
real meaning when evaluated by an experienced
seafarer, as would - again as an example — the term
‘logical grouping’, which is also a usability heuristic
that is used in the present rules and test standards.
Considering that the relevant, present-day IEC Test
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Standards call for the assessment of navigational
instrument features and functions according to such
terms, the evaluation of seafaring experts would
probably be more to the point and several degrees
more relevant for fellow seafarers than similar
assessment made by any other discipline.

Taking a change of practice towards giving the
seafarers a louder and clearer voice during type
approval, plan approval and potentially onboard
surveys, could possibly, and possibly even in a rather
short time span, help building up a more
comprehensive understanding of the actual context-of-
use and perspective of the end-users, thus aiding
bridge design and bridge equipment development. In
the slightly longer run, such a pool of knowledge could
also become a resource that design engineering could
tap into to improve their products and services.

6 CONCLUSION

To achieve improved usability in maritime equipment
and bridge systems ideally requires the actively
involvement of end-users throughout the design and
development process. Usability in navigational
equipment and systems on a ship’s bridge is required
by the IMO SOLAS Regulation V/15 regulation.
However, this is a goal-based requirement that is
challenging to follow up both in design, development,
and survey work, considering that the surveyors
overwhelmingly have a technical background not
having been trained in human factors, and — perhaps
for this reason - the regulation is seen as a ‘dormant
requirement’ by the maritime stakeholders. In this
study, the usability in ship bridge design and bridge
equipment is investigated from the perspective of
different stakeholders in the maritime industry:
seafarers, shipowners, equipment manufacturers,
shipyard, insurance companies, classification societies
and a flag state. From these sources, we find that the
seafarers, the direct end-users, do not have a clear voice
in the ship bridge and bridge equipment design and
the associated purchasing processes. In other words,
the stakeholder with highest interest in usability have
what seems to be a low, or even the lowest, influence.
Indeed, the other stakeholders appear to recognize
these shortcomings, and some do show interest in
improvements, but the responsibility for usability is
fragmented, and they see the potential solutions as
being somebody else’s problem.

In our understanding of the wider picture, there
seems to be a lack of incitement for prioritizing
usability, since it is not strictly followed up through
certification of bridge and bridge equipment designs,
and neither is it perceived as cost-effective as usable
equipment, which conceivably may have a higher
investment cost, does not seem to result in lower
insurance premiums or other tangible economic
benefits. We suggest long-term improvements of
usability can be made through making the usability
considerations relating to bridge design and the design
of bridge equipment in current regulations more
visible and subject to more focused validation. In
addition, we recommend that the transfer of generic
human factors knowledge to more technically oriented
stakeholders become a best practice, highlighting the
importance of catering for end-user needs. We also
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argue that small steps to improve usability within a
shorter time span can be taken, and to this end, we
suggest that seafarers are included as ‘experts” when
‘expert evaluation’ is required in the process of plan
approval, system assessment and type-approval of
maritime equipment. Such a practice can potentially be
effective within a very short time span and within the
current structure of the maritime sector and the present
regulations governing the wusability of bridge
equipment and bridge design. From our vantage point,
we believe that the perspective of the end-users, and an
immediate and direct understanding of the context-of-
use, can almost immediately be brought into the ship
bridge design and equipment manufacturing processes
without any change of rules, regulations or other
practices.
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