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ABSTRACT

As technology on board gets more automated and integrated there is the hope
that seafarers will do less work. But as seen in other domains, as ships become
more automated it seems that operators perform more and different work, for
which many of them are ill prepared. We describe here the results of a field
study on Swedish ships. With today’s technologies, seafarers on ships with
(and without) integrated bridge and navigation systems have to perform less
manual work but more integration work. Integration work, as we define the
term, is a process, initiated and driven by the seafarer. In particular, it is work-
ing proactively to construct a workplace that ‘works’ for them, given their
tasks and duties. The paper discusses whether workload has really been
reduced or only shifted to another mode or form.
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INTRODUCTION

As technology on board gets more automated and integrated there is the hope
that seafarers will do less work. But, paradoxically as ships become more automated
it seems that they do ‘more’ work, or different work, for which many of them are ill
prepared. Seafarers on ships with today’s technologies have to perform more integra-
tion work.
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Integration work, as we define the term, is a process, initiated and driven by the
seafarer. In particular, it is working proactively to construct a workplace that ‘works’
for them, given the tasks and duties they have to carry out. Integration work is a tra-
ditional part of the kind of labour seafarers have performed for centuries. In fact, this
work is often taken for granted by those who perform it, and seldom talked about by
seafarers in any explicit way. Because this work is seldom referred to directly, it is
hardly surprising that the researchers have paid little attention to it. However, with
new technology like integrated bridge systems, integration work becomes more
important than ever before. What is clear is that there is a fundamental difference
between the situated tasks that call for integration work and the way tasks are often
specified in engineering/ergonomics literature. A review of the literature on cogni-
tive ergonomics and human factors found that there were few field studies, and even
fewer that describe work in “complex, confusing, noisy, and dynamic” environments
(2003) This paper adds to this literature.

BACKGROUND

A number of field studies have been performed in complex work domains,
focusing on the effects of new technology and automated systems on the operator.
This has been studied in nuclear power plants (Mumaw et al., 2000), healthcare
(Gauthereau, 2003), aviation (Sarter and Woods, 1997) and shipping (Grabowski
and Dhami, 2005). The effects have been described in terms of workload shifts
(Bainbridge, 1983), new kinds of work (Dekker and Woods, 1999), automation sur-
prises (Woods and Sarter, 2000), and loss of mode awareness (Sarter and Woods,
1995). These are all studies of effects on operators, but not much on how people
cope. In the present study, during qualitative fieldwork on the impact of automated
bridge systems, we began to focus on what was a neglected feature of work in this lit-
erature, integration work on the bridge.

The effects of new technolgy have not been well addressed by marine manufac-
turers or engineers either. Nevertheless, manufacturers are aware of this problem. At
the Nautical Institute IBS conference in 2003, a representative of a large manufactur-
er said: “it is becoming increasingly difficult to get people to sit down and find the
problem. Complaints are often too generic. We need more input”. As part of this
study several representatives of the maritime electronics industry were interviewed.
They agreed with these comments. Today, they are sending out surveys, interacting
with clients at trade shows, establishing training programs for dealers and customers,
analysing feedback forms from customers, and their letters. In addition to this, equip-
ment is tested on the company or customer test ships. While manufacturers and ven-
dors tend rely on traditional Human Factors research, still they want to know more.

In the maritime literature, the usual solution to improve work on the bridge is to
add more technology and/or increase automation. It is an open question however
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whether this will solve issues of work on the bridge. Many navigators are not con-
vinced. One equipment manufacturer said at the NI 2003 IBS conference: “Officers
perceive IBSs [Integrated Bridge Systems] as scary but the individual components
are the same as before” If some officers perceive IBSs as scary, it could be valuable to
the manufacturer to try to find out why. Rather than to simply add automation, the
human factors research community have for a long time argued that what needs
improvement is not the technology per se but the man-machine dialogue (Hatfield
and Smith, 1975, Millar and Clarke, 1978, Wilkinson, 1974). To achieve this, natu-
ralistic studies of work and technology use need to be performed. A number of such
studies have been carried out in the maritime field by Hutchins (1995), Norros and
Huuki (1998), Grabowski and Dhami (2005), Belcher (2002) van Westrenen (1999)
and several Danish researchers (Andersen, 2001, Koester, 2005, May, 1999).

Studies in other domains reveal some of the adaptations human perform in
response to new technology. Clumsy automation – when a system creates new cog-
nitive and physical demands, that tend to come together at times of high demand –
is overcome by two related adaptations; system tailoring where the system is adapt-
ed, and task tailoring where the user’s behaviour is adapted (Cook and Woods,
1996). System tailoring is about changing the technical system and task tailoring is
about adapting the work strategy. Both of these adaptations have been observed in
the present study. However, while they describe how humans adapt, some believe
that it is the system that should adapt more to the operator.

Hollnagel (1995) outlines three ways that machines can be adapted to humans.
The first is through design. For this, the designer needs a model of the user, which
can be a static model for simple domains, but a dynamic model is probably more
adequate for complex tasks. This is a difficult undertaking, because it forces the
designer to be explicit about what he is designing for. The second is adaptation dur-
ing performance, where the system should adapt and change its performance to
match operator needs. This is complementary to adaptation through design, and
may be necessary since our knowledge of seafarers is necessarily incomplete at any
given point in time. Adaptation during performance poses increased demands on the
modelling of the operator.

The third way is adaptation through management. To help overcome deficien-
cies in the design of a system, management can adapt the working environment by
providing support and modifying work goals. For this kind of adaptation to work, a
continuous monitoring of effects is needed, and this basically constitutes adaptation
by continuous redesign. Courteney (1996) warns that if standards in one area is
changed (design, training or operations) then the others must follow. For example a
change in design must be followed by a change in training.

One intent of automation and standardisation is to reduce the workload of sea-
farers. But even with the best of intentions, automation can add to rather than sub-
tract from the workload.The result is that seafarers have had to develop strategies to
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integrate information from different technologies into something that allows them
to get the work done. On a ship, which was built as a container ship in the 60’s,
rebuilt to a cruise liner in 1990 and visited by us in 2001, we found 15 different man-
ufacturers’ names on the navigation, control and communication equipment. We
have also found that bridges evolve; equipment is added, but seldom taken out
(Lützhöft et al., 2007). This is one reason seafarers have to perform integration
work; technological resources are never constant. And while we see humans adapt-
ing, what is technology doing?

METHOD

To study this issue, the first author has over a period of almost four years (2000-
2004) spent close to 300 hours distributed over 25 days, on ship’s bridges (15 ships).
Prior to this research she was a maritime officer, with 13 years of sea experience.
Three major ship types were studied: small archipelago vessels that travel the Stock-
holm archipelago, larger Baltic ferries/passenger ships journeying the waters
between Finland and Sweden, and cargo ships trafficking the Baltic, the North Sea
and the Atlantic.

The methods used to gather data were observation and interviewing, and at
times a second observer was present. Techniques to record data were field notes,
sound recording, video and still pictures. When possible, copies of documents or
charts were made.The interviews were both formal and informal, and were conduct-
ed with seafarers on and off ships. Recordings were transcribed, notes and interpre-
tations were often compared and discussed with the second observer. All transcrip-
tions and other data were analysed in an iterative manner. Early interpretations and
patterns were checked against the literature and field data, and this guided the next
round of data collection. Subsequent ideas and interpretations were formed and like-
wise tested and refined against theory and field data. Although single quotes are
used to make points here, they are all backed up by observations and similar state-
ments at other times.

Technology manufacturers and policy makers were interviewed. To some extent
regulation and standardisation processes have been studied. In sum, an effort has
been made to get close to the practitioners while following the requirements of sci-
ence – accurate data collection, comparison and contrast of field data, matching data
against the literature and locking data to theory – all this helps us ‘make sense’ of
what is going on on the bridge.

RESULTS

While on board, not many incidents and no accidents were seen, but gradually it
became clear what seafarers did to avoid accidents. From the seafarers’ point of view
however, they were not avoiding accidents, they were just doing their job and doing
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it well. This contradicts the common sense view that seafarers spend a lot of their
time avoiding accidents. What we did see on board, was how seafarers cope with
their work and errors, how they learn and how they perform work-arounds given
new technology. We saw examples of integration on several levels: integration of
human work and machine work, integration of information representations and
integration of learning and practice. Integration work is always about co-ordination,
co-operation and compromise. When human and technology have to work together,
the human has to co-ordinate resources, co-operate with devices and compromise
between means and ends.

Here we will discuss two of these levels of integration; human and machine
work, and data and information. We will discuss why these kinds of integration are
performed, why it is deemed necessary by the seafarer and give examples. We will
link this discussion to the literature, which documents that technology has surpris-
ing effects and can impede users, but there is little there on integration work, as
defined here. Handling computers, for instance, is not always straightforward.
Wiener summarised it in this way:

“The machine will still be literal-minded on its highest level, and will do what
we have told it to do rather than what we want it to do and what we imagine we have
told it to do.” (Wiener, 1985). Humans are not “literal-minded”, at least not in this
sense.The following is a cargo ship officer who talks about the integrated bridge sys-
tem, which shows how differently humans and computers go about ‘thinking’.

“When you’re learning the system…at first you don’t understand how it’s meant
to work, but then you start thinking backwards, like a computer”. Many have shown
that new technology often demands a new way of working. However, it also can
demand a new way of thinking, with interconnected, seamless or integrated systems.
Cook and Woods (1996) point out some putative benefits of technical integration: it
may reduce the physical size of the device, it may reduce maintenance and it may
even increase functionality. However, they argue that the value of such changes may
be small, and unintended side effects can pose significant new work (and risks) for
those involved. Here, integration is a process, which is initiated and driven by the
seafarer who works actively to be ‘part of the loop’, and this can lead to significant
amounts of new work. The reason seafarers perform integration work is to do work
technology was intended to help them perform. However, technology at times may
be solving non-existent problems, and in the process even creating new problems. As
many of the interviewed seafarers said: “When we need it the most, the technology
cannot help us”.

The Merriam-Webster on-line dictionary1 defines integration this way: to unite
with something else, to form, co-ordinate, or blend into a functioning or unified
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whole. Also, to harmonise and synthesise. In this study, the integration of various
components means that trade-offs, tailoring and adaptations have to be made. A
functioning whole is to a great extent due to seafarers’ work, and a unified (perfect)
whole may not even be possible.There are several ways in which humans construct a
functioning whole out of parts. When the seafarer’s view and the machine’s view do
not match, the human most often has to do the changing, the harmonising and the
synthesising. If machine and human together are to constitute a working navigation-
al system, the one who has to adapt the most is the human. The seafarer is the elas-
tic, adaptive component, and performs the integration work. It is also a part of the
seafarer culture to be able to ‘handle anything’, and thus when a burden is added,
seafarers frequently adapt and handle it.

Integration of representations of data and information

The integration of representations is performed by the seafarers as they work,
mentally or by using artefacts such as displays, or pen and paper. This is similar to
one of the core principles in distributed cognition ‘People establish and co-ordinate
different types of structure in their environment’ (Hollan et al., 2000). Representa-
tions here also include what seafarers can perceive of the real world as seen out of the
bridge windows. An example of such integration is the position fixing cycle
Hutchins describes; how navy personnel integrated the outside view with a paper
chart, via several devices and techniques (1995).

By information we mean data that has meaning for the seafarer and the task at
hand. There are several reasons seafarers perform integration of data, information
and reality. The most important is that it is seen as necessary, because the seafarers
need to integrate or compare data to construct a plan-for-action. This construction
is vital to work onboard but is not always supported by the technology – machines
cannot communicate in ways seafarers see as useful or intelligible given the circum-
stances. Integration work is subject to external constraints as well, of which a clear
example is the requirement to use and compare different means of position fixing,
and not to trust one source alone. Therefore, maritime regulations can also lead to
the demand for data integration.

For seafarers to construct their own integrated system takes effort, especially
since what developers and manufacturers choose to integrate on screens or in sys-
tems is not always what the seafarers find useful. The comparison of two waypoint
lists from two navigation devices provides an example of this. To ascertain whether
the two lists were the same, the officers checked the courses between the waypoints.
However, in one list the course was represented with three digits (000) and in the
second with four (000.0; one decimal point).This was not seen by the officers them-
selves as requiring a lot of effort, but it clearly did demand cognitive work and the
transformation of one kind of representation into another had to be done many
times over (a waypoint list may contain up to a hundred points, sometimes more).
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Double checking of this kind is performed for two reasons: at times the seafarer
prefers, given the task at hand, a manual check and at times the technology cannot
do it. Even when a machine can do it, this may, as one officer says, “take too long to
perform… and then the result is long lists that still have to be checked manually”
(Lützhöft, 2003). This suggests a certain amount of scepticism exists on the part of
the seafarers regarding representations of information.

When using bridge technologies in combination, the units used to represent
data may be incompatible. For instance, an echo sounder, tide tables and a chart may
all use different measurements; feet, fathoms or meters. This adds to the workload
and demands close attention on the part of the navigator and requires that a naviga-
tor perform conversions into a common, single unit. Further, on different displays,
different symbols may denote the same thing, and even on (or within) a single dis-
play there may not be a consistent symbology. Nautical charts are constructed using
one of several chart datums, which is a reference system to which depth soundings
refer. A GPS navigation system, a paper chart and an electronic chart might all be
using different chart datums when referring to the ‘same’ thing, and even within one
ECS this can occur. This could lead to potentially hazardous errors in position, in
fact has already caused one known grounding of a ship in the Norwegian archipela-
go. However, this is a hard problem to solve because aids come from different manu-
facturers or publishers. A related problem is the mental integration work performed
by seafarers when using charts, radars and views out of the window, all displayed in
different ways: north up, head up, course up (Porathe and Sivertun, 2002). There is
no common vocabulary, ‘designer’or co-ordinator for such important representation-
al issues.

Many maritime displays typically display a single datum in digital form, from
which it can be difficult to perceive, infer or track change. For example, for the dis-
play of cross-track error on board we have seen a display with a choice of two presen-
tations, either a number “1,4 R” or “0,9 L” (right and left) or another with an ana-
logue image showing a ship symbol and a line. Many ships have both types on differ-
ent screens, and both displays are used but by different officers. One pilot comments:
‘Of course, I use the image…the numbers [digital], no, [because] then you need
another piece of information [that indicates which side the drift is]’. To represent
offset distance, the analogue representation collapses the two data points ‘there is
offset’ and ‘to which side it is’ into one image, whereas the digital requires further
work to arrive at the same point. Also, while the rate of change is not directly visible
with either, the analogue allows for easier perceptual estimates than the digital.

When exact numbers are needed, digital representations are regarded as better.
For instance, analogue representations of engine revolutions are accepted. To repre-
sent speed, seafarers prefer digital, as exact speed can be needed to compute arrival
times. In contrast, most officers prefer the analogue ROT dial (rate-of-turn, how fast
a ship is turning) over the digital, as the digital is said to lag in an unacceptable way.
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It is important not to digitise just because it can be done or because it saves display
space. Rather it is important to first find out how data are used and which represen-
tation makes more sense to seafarers given the task at hand. In regards to forward
speed do they want exact numbers? Or can they accept a lag and lower accuracy?
Then this may not be acceptable regarding sideways drift which they quickly need to
perceive and react to. If it makes the job at hand easier, and lowers the mental work-
load – why not use analogue representations?

Seafarers want to compare and co-ordinate data and information, but in many
cases the representations cannot be immediately correlated. When sensor data are
combined or fused into a single representation, issues of trust, quality, age and trace-
ability of origin can surface and this needs to be addressed.

Integration of human and machine work

Integration work between humans and machines can be described as the act of
achieving co-ordination with an artefact through expert performance by a person
(Hutchins 1990). Many aspects of new technology make this kind of expert per-
formance difficult to achieve. Seafarers attempt to build working human-machine
systems, to ‘integrate themselves’ into a co-operational system for several reasons.
Firstly, they do it when they see it as necessary. When there is a misfit between
humans and machines, seafarers have no choice but to rebuild the integrated systems
in ways they themselves understand. Secondly, seafarers want to do this – most of
them want to use new technology. They want to have control and they want to be
able to use the tools they believe can provide them with this control. They also
believe or at least hope that human-machine systems can relieve them of certain
kinds of work and uncertainty, without the technology being an additional burden to
them.

A poignant example is one electronic chart system, which allows for registering a
position at which a person has fallen overboard, to simplify finding that position
when having turned the ship.This is called a MOB situation (man over board), and is
a critical situation with much time pressure. However, the chart system demands that
the operator go through 5 steps to register the position (submenus, button pushes). At
the same time, he has to start turning the ship, call the captain and crew, sound alarms
and launch a special MOB lifebuoy.To ensure these steps were remembered, the crew
on the ship had printed these 5 steps out on strips of Dymo tape and taped them to
the frame of the screen. Because technical systems are becoming increasingly inter-
connected, the way to perform the ‘same’ tasks can become perhaps even harder to do.
However, many manufacturers may claim that nothing has changed, and argue that
after all these technical systems have the same components as before. Nevertheless, a
‘system’ is not a stable entity but a constantly changing ensemble of actors and arte-
facts. There are seemingly endless combinations, and the interconnections can often
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be hard for seafarers to see and the underlying principles of these systems may be
even more difficult for them to discover and understand.

Another example: on one occasion a radar which was part of an integrated navi-
gation system on a cargo ship did not work. When the officers had tried everything
they could think of and had at hand (manuals, discussions, self-test performed on
radar) the radar was switched off. Before switching off, both officers were clearly
worried about what effect this would have on the rest of the system and were uncer-
tain which of the other parts would continue to operate. This is because when
devices are technically integrated their co-ordination is more hidden to users than
before. This means that seafarers often have to perform more work to reconstruct
and understand the system. It also requires more effort on the part of manufacturers
to construct an integrated system that makes sense to those who use it.

A related problem occurs when a device does not work as expected. Several offi-
cers have said something to the effect of: “Is there a malfunction in this device or
have I made a mistake?” The more integrated and automated systems become, the
harder it is to figure out what has happened, how to carry out repairs and to make
the system ‘work’ correctly again. Feedback from automated and integrated systems
can be weak (Woods and Sarter, 2000), and what feedback there is may not be what
the seafarers need or want to know at a particular time. Since tasks and situations are
not stable, what is needed and wanted when it comes to technological aids also keeps
changing over time. This is something else manufacturers perhaps have not taken
into consideration as much as they should have.

Even when technology works as intended still integration work is needed. In
archipelago piloting, large amounts of data, information and strategies have to be co-
ordinated - a learning process that continues throughout a pilot’s career (Lützhöft
and Nyce, 2006). For this reason, officers say they would not want to leave all the
work to the technology, because as one officer says: ‘You can’t just sit here and
relax…you have to look the whole time’. These officers prefer actively working to
simply monitoring. This active work may represent the same or even more effort
than just monitoring, but they believe it affords better control and integration than
just monitoring. It also allows for a more effective taking over when necessary.

Therefore, the officers feel that they ‘get more’ out of the ‘same effort’. For exam-
ple, on a cargo ship with a very modern integrated bridge system, officers did not use
all the available functionalities their automated devices possessed.They would rather
be actively working than simply monitoring the actions of machines. This meant
that they did not hand over to the bridge system all the work they knew (or suspect-
ed) it could perform. Instead, they used the techniques and devices they were famil-
iar with to navigate; GPS, radar and paper chart, see Lützhöft (2002). In short, off-
loading or sharing work between humans and systems then seems to rely on and be
determined by familiarity, experience and trust, and even when something works as
intended, the seafarers may continue to work in their own ways.
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Earlier we discussed how humans adapt to new systems, for instance by system
tailoring (Cook and Woods, 1996).This entails changing the system, and performing
work to make the system compatible with the seafarers’ cognitive strategies. Inherent
in this is a risk that the system change may become ritualised (for instance how a sys-
tem is set up before each use) and the basis of the ritual lost to the practitioners, espe-
cially if they are novices. Rituals like these may also lead to a lower understanding of
the system. A second strategy is task tailoring, where seafarers instead adapt their
strategies to carry out tasks, so as to accommodate constraints embedded in the new
technology. Neither of these adaptation strategies is effective in the long run.

A central problem here is that understanding machine actions is not easy. The
crew of the Royal Majesty knew that when the chart on the radar screen was ‘chop-
ping’ (jumping) that meant it was unstable and not to be trusted, and by extension
they believed that when there was no chopping, the radar chart must be safe and sta-
ble. This belief was unfortunately erroneous (Lützhöft and Dekker, 2002). Further,
machines are not social. A machine is not a new crewmember, but is often intended
to take the place of one. Machines are not directable in the way humans are
(Lützhöft and Dekker, 2002, Woods, 2002), meaning that it is harder to for instance
delegate work to them. But machines still perform ‘work’ as well as look and feel
trustworthy. Seafarers try to integrate these new devices into the working human-
machine system but what makes this difficult is that machines are not situated.They
are not situated or embedded in ‘reality’ because models in computers and technolo-
gy often reflect an impoverished, incomplete or faulty view of the world.

The view of the world that they do have is pre-programmed and relatively static
and hardly ever matches the dynamic picture of the world that the practitioner uses
and constantly reconstructs. The machine’s image is unsituated because it is hard-
wired, programmed into it by someone who has perhaps not ‘been there’ and into a
machine that can never ‘be there’. Someone else has chosen what the seafarer needs
and wants to see and know about the world and the system. Someone has decided
what the seafarer needs to do his job. Seafarers are in a sense sailing with “black
boxes”, whose rules are difficult to deduce or change. A machine does not ‘know’
where it is and what the consequences of its actions may be. The most important
problem here may be that it is never ‘ahead’, can never really anticipate, whereas
anticipation and thinking ahead is fundamental to maritime safety.

A number of suggestions have been made about how to solve this problem. First,
machines may need to be more ‘situated’ which might not be possible in the foresee-
able future. Expert systems are still very dumb when compared to the local rationali-
ty of individuals. Second, machines need to be able to give an account of or at least
indicate what is going on, what Dourish (2001) calls accountability. Abstraction and
system integration makes this hard.Third, some means of sharing or trading of con-
trol between humans and machines must probably be negotiated (Inagaki, 2003,
Hedenskog, 2003), and some negotiation of knowledge, authority and responsibility
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(Suparamaniam and Dekker, 2003, Östberg, 1988) also needs to be taken into
account. It has been shown that team performance is better if a computer is used as a
‘critic’ instead of giving ‘expert’ advice.This raises questions about knowledge alloca-
tion and the roles humans and machine should play (Cook et al., 1998). It is becom-
ing increasingly clear that allocation strategies, static divisions into ‘physical’ tasks, do
not work well because of the dynamics of work situations.

An abstraction which it is increasingly important to represent well is how auto-
mated systems are doing. Due to the nature of automation, often human seafarers do
not know how well it is doing, what it is doing and how it is doing it. The literature
suggests that such representations should include three things. Firstly, they should be
event-based, highlighting changes and events. Secondly, they should be future-ori-
ented, to support the seafarers in knowing what to do and when, and thirdly, they
should be pattern-based, to allow seafarers to quickly pick up abnormalities without
additional cognitive work (Woods et al., 1994, Christoffersen and Woods, 2000).
But all these conditions may differ or require different interpretations, given the task
at hand.

Technology is often used to replace parts of or all of human work and theoreti-
cally to make work safer, more efficient or less costly. Replacement is not always
straightforward, which is known as the ‘substitution myth’ (Dekker and Hollnagel,
1999). Research shows that often a lot of effort has to be expended to get the new
system to work and that new technology, when it is not well designed or integrated,
may even introduce new types of accidents (Lützhöft, 2003, Lützhöft and Dekker,
2002). However, new technology can also help seafarers shape new strategies, as for
example an electronic chart system which not only helps to ‘fix a position’, but also
helps seafarers plan trips in different ways than before. But technology can also
become a barrier to work, and become something that has to be ‘worked through’ for
example to navigate, which adds more work to the ‘real work’ (Lützhöft, 2003). This
research confirms the axiom that when tools become visible (when they malfunc-
tion) they are ineffective because an operator has to focus on the tool instead of the
task itself. Bødker calls this effect focus shift (Bødker, 1996). This must be
researched further so that we do not to add to the seafarers’ workload when they are
performing their tasks, using new tools and aids.

DISCUSSION

A main force driving the installation and use of shipboard technology today is
economics, and to a lesser extent safety (National_Research_Council, 1994). Other
drivers are competition, technology development and innovation. Constraining
forces are partly the same: economy, technology development, regulations, standards,
and safety concerns. Courteney (1996) presents a disheartening list (from aviation)
which indicates that “the trends and practices in the modern aerospace business are
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pulling in directly the opposite direction to that required for improvement in the
‘human factors’ area”. Among the issues mentioned are regulations, staff turnover,
success measures, commercial pressures and responsibilities – the aviation industry
and the maritime industry seem to share many of the same problems. How to solve
this is unclear, but a promising way forward is to study how designers and engineers
construct ‘user models’ (Busby and Chung, 2003, Dagwell and Weber, 1983) and
how to improve this process. For now, it is the integration work that seafarers per-
form which evens out the bumps caused by clumsy automation.

For new navigation technologies to realise their full potential, they must be
accepted by the seafarer community. Evaluation at all stages, and if necessary,
redesign, is particularly important because once a technology is generally adopted, it
is rarely formally or scientifically assessed for effectiveness (National Research
Council, 1994). One reason that evaluation schemes must be put into place is that as
new technologies start to solve problems, new ones may be introduced. In other
words, operational procedures and training have to be changed to be flexible enough
to accommodate technological innovations and ‘improvements’, unintended or not.
Only adding technology, no matter how advanced, can not resolve all maritime safe-
ty issues.

Designers often assume that adding additional features to a device is acceptable,
because users can ignore what they do not need. A related assumption here is that
users always know what they need. Unfortunately, neither of these assumptions is
entirely accurate.This is particularly true on today’s ships where the borders between
human and machine work and consequently between innovation and failure are dif-
ficult to trace out. We need to be more involved in the design of new tools, to ensure
that we provide for an efficient, effective and satisfying workplace. Integration work
shows how humans are good at making things fit together and how to make use of
the tools and instruments at hand. If tools and aids are not already tuned to their
intended use, humans will expend effort to make them such. It is this which we here
call integration work. We need to make the design of tools and aids more centred on
their prospective use – for which we need to consult future users. They should be
involved as experts on the use, the tasks and the work, but not as designers.

Flach et al. (2003) point out (using an aviation example) that, the engineer and
the operator think about technical systems in different ways. The engineer uses a
causal model, thinking for instance: “What happens to the craft if we apply X to it?”
Our operator, the seafarer uses an intentional model: “How do I make the craft do
this, or how do I apply X?” Therefore, we must find out more about the nature of
practice, especially about how seafarers construct, maintain and repair a technical
system of which they themselves are a part. We need to ask the question that many
seafarers will recognise: “What are your intentions?”, before we resort to design,
redesign or simply assume that human fallibility causes systems to fail.
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