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Abstract The analytic hierarchy process has been used to elicit the knowledge of
maritime transport stakeholders, such as seafarers, authorities, insurers and academics,
regarding human factors and risk-reducing measures for ship groundings. Measures
against human fatigue, alcohol abuse, language barriers, poor bridge management and
safety climate have been compared with regard to costs and benefits. The measures are
discussed in the context of large ships on a voyage of at least 24 h containing Bridge
Resource Management. The study shows that stakeholders consider the costs of the
measures to reduce human fatigue at sea surpass the benefits. Measures against alcohol
abuse are regarded as the most cost–benefit efficient. Also, the stakeholders consider the
watch scheme 8–4–4–8 to be less fatiguing than the 12–12 watch scheme. In addition,
the results of the study support previous findings that inadequate manning levels
contribute the most to human fatigue within the bridge management team.
Keywords Analytic hierarchy process . Human factors . Human fatigue . Cost–benefit
analysis . Ship groundings

1 Introduction
The bridge of a large ship is full of complex systems interacting with each other. It takes
years of training and experience for an operator to fully master them. The degree to which
human factors, such as fatigue, affect performance can vary from negligible to catastrophic. Even though the exact causality is not yet fully grasped, it is well understood
that human fatigue contributes to accidents at sea (Lützhöft et al. 2007; Xhelilaj and Lapa
2010; MacDonald 2006). Unlike impairment caused by alcohol or drugs, which can be
measured by blood tests, human fatigue is more difficult to explicitly measure and is
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often only inferred as an underlying cause of an accident (Desmond and Hancock 2001;
IMO 2001; Sneddon et al. 2012; Xhelilaj and Lapa 2010).
Seafarers may be required to work at sea for several days with unpredictable
working times and workloads. This period can include tight schedules, circadian
effects and efficiency pressure (Cahill 2002; Perrow 1984; Celik and Cebi 2009). The
maritime community is concerned about seafarers’ fatigue levels, which is considered
to be higher than that experienced by onshore workers (Smith et al. 2006; Seahealth
2010; Graham 2009).
The presence of human fatigue within a bridge management team (BMT) depends on
several factors. A fatigued BMT has a higher probability of grounding the ship than a
non-fatigued team (Macrae 2009). The US Coast Guard Research and Development
Centre estimates fatigue to be the primary contributor to 16 % of vessel casualties
(Rothblum et al. 2002). Great Britain’s Department of Transportation concluded in a
study that about 33 % of the groundings involved a fatigued officer alone on the bridge
(Xhelilaj and Lapa 2010). For land transport on motorways and major roads, fatigue is
cited as being responsible for up to 20 % of accidents (Williamson et al. 2009).
In this article, maritime domain stakeholders’ knowledge of human fatigue, as well as
the costs and benefits of measures to reduce the probability of ship groundings, has been
elicited through the analytic hierarchy process (AHP). In general, stakeholder elicitation
is known to be a delicate task, as it involves transforming subjective opinions into
objective and quantitative probabilities. Such probabilities may be used to prioritize
measures and investments.
It is clear that deciding upon measures that influence a complex social technical
system, such as the maritime transport system, is not a straightforward matter. A number
of organizational and human factors influence the behaviour of seafarers. This is a fact
which is not always given enough attention when considering safety measures (SchröderHinrichs et al. 2012). However, the AHP is a suitable tool for analysing complex
problems such as human fatigue and its effect on the probability of ship grounding.
When choosing between a range of options, the AHP method gives decision-makers an
overview of the various possibilities. The method also ranks the options by quantifying
the tacit knowledge the stakeholders hold in relation to a goal, i.e. the method helps to
quantify the unspoken and intuitive thinking of people (Saaty 2001). As such, AHP is
widely used in various disciplines where decision-making is difficult because of a
problem’s many dimensions (Saaty and Vargas 2006; Zheng et al. 2012; Vidal et al.
2010; Bûyûkôzkan et al. 2011; Utne 2008).
Most people, including experts, find it difficult to formulate single-event probabilities. The easiest way to elicit a probability is to just ask for a number. However, even
experts may be reluctant and feel uneasy when they are asked to provide exact figures.
This is especially true for intangible elements like human fatigue. Therefore, various
verbal mapping schemes have been developed (Anderson et al. 2003; Greenberg 2007;
Saaty 2004). Mapping schemes work well because humans have the ability to perceive
relationships among the things they observe and to compare pairs of similar things or
elements against certain criteria. In AHP, each decision element is compared in pairs,
and thus relationships between the elements can be established (Saaty 2001).
Cost–benefit analysis (CBA) is widely used in various fields to assess the impacts
of investments. CBA can be used to decide whether to undertake specific projects,
the selection of the most productive measures or even to maximize the total benefits
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(Elvik 2001; Veisten and Akhtar 2010; Saaty and Vargas 2006; Gujiter and Hageman
2010; Saaty 2001). AHP can be utilized for CBA, but it is important to ensure that the
benefits and cost priorities are not derived from separate hierarchies (Wedley et al.
2001). TL Saaty (2001) used this method for a number of cases, for instance, deciding
on a home computer and selecting a portfolio for a corporation. Aziz (1990) used AHP
combined with CBA to evaluate a highway project. The combined method was used to
determine whether the benefits would outweigh the costs of allowing gambling on a
riverboat (Clayton and Wright 1993). However, to the authors, knowledge, this is the
first time the combined AHP and CBA method has been used to rank measures related to
human factors.
The objective of this article is to compare measures for reducing the probability of
ship groundings regarding five different human and organizational factors. The article
presents an approach by which the results from AHP may be used to conduct CBA of
measures related to alcohol abuse, human fatigue, language barriers, bridge resource
management and safety climate.1 Stakeholders have been asked to compare the costs
of the measures with their assumed benefits for a ship on a voyage of at least 24 h
containing bridge resource management. The AHP calculations are done to rank the
measures according to their cost–benefit ratios. The study detects differences between
the various stakeholders, as well as their prioritization of the measures. To elicit
stakeholders’ understanding and knowledge about human fatigue specifically, the
study also focuses on six major human fatigue-related factors. Based on AHP, these
factors can be ranked according to their relative importance.
The remainder of this article is organized as follows: Section 2 explains the AHP
method and the three AHP models developed for this study. It also accounts for the
data collection. Section 3 presents the results and a cost–benefit analysis. Section 4
discusses the results and the conclusions.

2 The analytic hierarchy process
Figure 1 shows the AHP method in five steps: (1) determine the objective of the
analysis, (2) structure the problem at hand into a hierarchical model consisting of
elements related to the decision to be made, (3) ask the experts and/or stakeholders to
choose between the decision elements so as to reflect their preferences, (4) derive the
relative priorities, i.e. the order the decision elements are prioritized by the experts, and
(5) assess the validity of the results in terms of a consistency score.
2.1 Constructing AHP models
No exact rule exists for constructing AHP hierarchies or models. The top level should be
a single element reflecting the purpose of the analysis. The decision elements (up to
seven) in the subsequent levels should enable a comparison in relation to the higher level
(Saaty 2001). The limitation of seven elements is done because human beings have
limited capacity to process information simultaneously with reliable accuracy and
validity (Saaty and Ozedemir 2003).
1

See the Annex.
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Step 1: Establish objectives and the
problem
Step 2: Break down the problem
into a hierarchy of decision elements
Step 3: Produce judgment data by
pairwisecomparison elements
Step 4: Calculate the priority vector
and check consistency
Step 5: Calculate relative weights of
decision elements and confirm
consistency of the entire hierarchy
Fig. 1 AHP process (adapted from Yang and Shi 2002)

A scale from 1 to 9, reflecting the relative strength of preferences, is most commonly
used to elicit the comparisons (Saaty 1987). The fundamental scale normally used in AHP
studies represents the judgments made in pairwise comparisons (Table 1) (Saaty and
Vargas 2006). Comparisons of the decision elements are organized into matrices from
which eigenvectors (also called the relative value vectors) are computed. These eigenvectors are interpreted as the relative priorities. If several experts are involved, the
geometric mean may be used to find the averages of the judgments before calculating
the eigenvectors. The mathematics are thoroughly discussed in the literature (Saaty 2004,
2001; Saaty and Vargas 2006; Arslan and Turan 2009). A good consistency (a score <0.1)

Table 1 The fundamental scale of values (Saaty 2001)
Intensity of importance Definition

Explanation

1

Equal importance

Two activities contribute equally to the objective

3

Moderate importance

Experience and judgement slightly favour one
activity over another

5

Strong importance

Experience and judgement strongly favour one
activity over another

7

Very strong demonstrated
importance

An activity is favoured very strongly over another;
its dominance is demonstrated in practice

9

Extreme importance

The evidence favouring one activity over another is
of the highest possible order of affirmation

2,4,6,8

Intermediate values to
reflect compromise
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shows that the expert’s judgement does not appear to be random and shows the relationships between AHP process (Fig. 1) and the fundamental scale of values (Table 1).
2.2 Ship grounding and the human fatigue models
In the present study, three AHP hierarchies (models) have been constructed. Models 1
and 2 analyse various elements in the BMT. They are made up of five elements, which all
represent different measures for reducing the probability of ship grounding. Model 3 is
specifically focused on human fatigue; it is made of the six elements which are known to
influence human fatigue. The context for all the models is ships at sea for more than 24 h.
2.2.1 The ship grounding models
It could be argued that there are hundreds of different factors influencing the probability
of ship groundings. Fortunately, research exists which structures and classifies those
which are thought to be the most important. The AHP method recommends a maximum
of seven comparative factors or elements at one time, and they should all satisfy three
basic requirements: independency, understandability and distinctiveness (Saaty 2001).
Akhtar and Utne2 introduce a modified human factor analysis and classification
system (HFACS) for maritime groundings. HFACS is a framework for classifying the
states and actions that can lead to an accident (Wiegmann and Shapell 2003; Chauvin
et al. 2013). Based upon the modified HFACS (see Fig. 2) and a literature review, five
measures were selected for the AHP study in this article: namely measures against
alcohol misuse, human fatigue and language barriers and measures to improve bridge
resource management (BRM) and the safety climate.3
Akhtar and Utne organized 63 commonly known fatigue-related factors into the HFACS
structure. They further constructed a Bayesian network (BN) using data from 93 accident
investigation reports. It was estimated that a fatigued operator raises the probability of
grounding for a large ship in long transit by 16 %. The probability of a watchkeeper being
fatigued was found to be 23 %. However, the importance of fatigue measured in relation to
other human and organizational factors suggested by the maritime community was outside
the scope of the study. Since it is important to elicit the views of the stakeholders, and
compare them to the available statistics and data available, the decision elements in the AHP
models are derived from the BN in Akhtar and Utne. It is also important to include
stakeholders because accident investigation reports do not always recognize organizational
factors as major safety factors in maritime accidents (Schröder-Hinrichs et al. 2011).
Furthermore, the elements in the AHP models in this article are all subject to
much discussion in the scientific literature. Alcohol misuse is a problem in
maritime transport, and it also amplifies human fatigue levels (Cuculic et al.
2009; Marsden and Leach 2000; Howland et al. 2001). Even low alcohol
exposure significantly impairs the performance of navigators (Howland et al.
2001). A period of sustained wakefulness of 18 h can be comparable to a blood
alcohol concentration (BAC) of 0.05 %. Various scientific research papers regard
2

Akhtar, J., & Utne, I. B. (2013a). An analysis of common patterns in aggregated accident analysis charts
from human fatigue-related groundings and collisions at sea. Submitted (Marit Polic & Manag).
3
More detailed explanations of the elements can be found in the Annex.
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Level 1 – Organizational influences
Safety culture;
Training focus; Vessel certifications; Manning recourses;
Quality control

Vessel
Cargo vessel; Large ship;
Ro-Ro passenger ship;
Bridge design; New
vessel;Watch alarm

Level 2 – Preconditions of unsafe states
Cultural barriers; Safety climate; Work scheme (6-6, 8-4-4-8, 12-12);
Manning level; Variable work hours; Use of resources; Short trips;
Efficiency pressure; Qualifications; Procedures; Excessive demands;
Monitoring of helmsman; Lookout; Circadian effect; External
communication; BMT communication; BRM application

Environment
Level 3 – Unsafe states
Fatigue; Sleep; LTA quality of sleep; Alcohol;
Wrong navigation; Too high speed; Too slow speed; No action; Violation;
Wrong timing; LTA turn; Missed observation; LTA vigilance; Slowed
reaction time; Impaired decision-making; Memory problems; Narrowing
of attention; Lapsing/micro sleep; Adoption of risk

Coast or open sea; Tight
passage; Near harbour;
Winter; Autumn;
Monotonous conditions;
Stream/current; Wind; Visual
conditions

Level 4 – Consequences
Does not turn; Steers towards shore; Drifts; Wrong positioning does not
turn; Grounding

Fig. 2 Modified HFACS methodology, including the human fatigue-related factors identified from the
examination of the accident investigation reports (See footnote 4)

the safety climate as vital with regard to human fatigue (Lu and Tsai 2008; Neal
et al. 2000; Strahan et al. 2008; Schröder-Hinrichs et al. 2012). BRM is regarded
as important for safe navigation and may also impact human fatigue (Cahill
2002; Swift 2004; MAIB 2004; Blom 2006). Lastly, language is important for
clear communication and is seen as the glue which keeps all the safety procedures on the bridge in place (Perrow 1984; Hänninen 2008; Rothblum et al.
2002; Cahill 2002; Barnett 2005).
Figure 2 modified HFACS methodology, including the human fatigue-related
factors identified from the examination of the accident investigation reports.4
2.2.2 Human fatigue model
Another different set of elements known to have an influence on human fatigue were
selected for model 3. Less than adequate (LTA) vessel certification (i.e. certification(s) or
legal paper(s) are missing or outdated) is believed to affect the working environment,
including human fatigue and the attitude the crew has towards safety on-board (IMO
2001, 2011; Health & Safety Executive 2005; Lappalainen 2008). LTA efficiency pressure
and LTA manning levels are believed to have a high influence on human fatigue (IMO
1999; Dorrian et al. 2011; MacDonald 2006; Progoulaki and Roe 2011; Schröder-Hinrichs
et al. 2012). Short trips, the two-watch schemes systems (8–4–4–8 and 12–12) and safety
climate were also included as elements because they are all subject to much debate
concerning their influence on human fatigue in the research literature (Åkerstedt T et al.
2000; QinetiQ Centre 2006; Lützhöft et al. 2007; Ficca et al. 2010; Ridefelt et al. 2010).

4

Akhtar, J., & Utne, I. B. (2013b). Human fatigue`s effect on the risk of maritime groundings - A Bayesian
Network modelling approach. Submitted (Safety Science).
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2.3 Pairwise comparisons
Decision-makers often have many favourable and unfavourable concerns to consider:
the favourable concerns can be defined as benefits, while the unfavourable concerns
can be defined as costs (Saaty and Vargas 2006).
Model 1 focuses on which measures the stakeholders believe are the most effective to
decrease the probability of ship grounding (Fig. 3). Model 2 shows the relative expected
capital costs of the measures (Fig. 4). Model 3 is made up of six elements (Fig. 5) and
ranks the decision elements according to how the stakeholders’ perceive their impact on
human fatigue.
There is a range of stakeholders in the maritime transport industry; several were
invited to participate in this study. Table 2 gives an overview of the number of
stakeholders involved.
The stakeholders were asked to bear the following question in mind when using the
fundamental scale to judge between the elements in the benefits model (Fig. 3): “Which
of the following measures have the strongest grounding avoidance effect? Compare the
measures in relation to their ability to lower the probability of grounding. The context of
the measures is the bridge management team (BMT)”. Furthermore, the context for all
the models is a ship on a voyage lasting at least 24 h and containing personnel working
in shifts.
For the cost model (Fig. 4), the stakeholders were asked to consider the decision
elements in relation to perceived or expected costs for shipowners. The costs are
defined as the sum of planning up to and including the implementation of the various
measures. The benefits model and the cost model (models 1 and 2) consist of the
same elements, so the ratio of their weights can be calculated. In the fatigue model
(Fig. 5), which does not have any direct link to the former two models, the stakeholders were asked to compare the elements in relation to the perceived impact on
human fatigue (one of the factors in models 1 and 2).
If the comparisons had higher inconsistency than 10 %, the stakeholders were
contacted to reconsider their responses. If inconsistency was below the acceptable level,
their answers were included in the present study; otherwise, their answers were rejected.
Four of the replies to the benefits model were rejected, while one reply to the cost model
was rejected. For the fatigue model, eight replies were rejected. A stakeholder may thus
have had good consistency in one model, but not in another. For example, answers from
a stakeholder may be included in the benefits model, but not in the cost model. In the
end, answers from 29 stakeholders were included in the AHP process.

Measures in regards to their positive effect on
grounding avoidance (Benefits model)

Measure against
alcohol on duty

Human fatigue
measures

Measure against
language barriers

Measures to improve
bridge resource
management (BRM)

Safety climate
measures

Fig. 3 AHP model 1 of measures for lowering the probability of groundings (benefits model)
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Measures in regards to their capital total costs (Costmodel)

Measure against
alcohol on duty

Human fatigue
measures

Measure against
language barriers

Measures to improve
bridge resource
management (BRM)

Safety climate
measures

Fig. 4 AHP model 2 of the costs of measures for lowering the probability of groundings (cost model)

3 Results
3.1 The AHP results
Tables 3 and 4 show the idealized weight of eigenvectors (relative priorities) obtained
from the stakeholders’ elicitation for the benefits and cost models. The present study
made use of the software program SuperDecisions, version 2.2.3 (Adams and Creative
Decision Foundation 2012) to calculate the eigenvectors. The idealizing was done by
dividing each element’s vector of priority value with the largest vector of priority value,
so that the decision elements with the highest priority got the value 1.000. For instance,
in the last column of Table 3, the element with the second highest priority is “human
fatigue measures” with a value of 0.779 (0.254/0.326). This means that the human
fatigue measures have 77.9 % grounding avoidance effect compared to “measure to
improve BRM”, which has the priority value 1.000; the “safety climate measure” has
56.4 % grounding avoidance effect, and so on.
In Table 3, high values are preferred, as they indicate higher perceived benefits. In
Table 4, low values are preferred, since they indicate lower costs. Table 5 shows the
cost–benefit (C/B) ratio of the weight values. A low C/B ratio (<1) indicates a high gain
compared to the investment, while a high ratio (>1) indicates that the stakeholder
perceive costs to have a higher value than benefits.
Table 6 shows the idealized weight of the eigenvector from the fatigue model.
Decision elements with low values are preferable, as they reflect the stakeholders’
preferences with respect to contributions to human fatigue.
The results show that the stakeholders consider that measures to ensure adequate
BRM lead to the strongest grounding avoidance effect among the available measures
(Table 3). However, the stakeholders are divided over costs related to “measures to
improve BRM” (Table 4). Consultants and ship companies/organizations believe that
“BRM measures” is one of the most costly measures, while the others believe they are
relatively inexpensive. All stakeholders believe that the costs are lower than the benefits
involved (C/B <1) for BRM measures (Table 5). The academics have a cost C/B ratio of
0.316, and the authorities have a ratio of 0.365. The remaining stakeholders have a more
moderate ratio.

The elements contributing to human fatigue the most (Fatigue model)

LTA vessel
certification

Watch scheme
8-4-4-8

Watch
scheme 12-12

LTA manning
level

Efficiency
pressure

Fig. 5 AHP model 3 of important elements contributing to human fatigue (fatigue model)

LTA safety
climate
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Table 2 The stakeholders involved in the weighting process of AHP
Stakeholder

Number of persons

Academics (Norway, Finland and Sweden)

7

Consultants and insurers (Norway)

6

Authorities (The Norwegian Coast Guard, Norwegian Maritime Authority,
The Norwegian Coastal Administration)

6

Ship companies and organizations (Norway, Denmark)

4

Seafarers (Norway, Finland, UK)

6

Total

29

For measures against human fatigue, again, consultants and ship companies/
organizations stand out, deeming that such measures are not vital, while the other
stakeholders regard them as the most important measures for grounding avoidance.
Overall, the measures related to human fatigue have a high C/B ratio. All stakeholders,
with the exception of the consultants and insurers, believe the costs to be higher than the
benefits; academics regarded the costs to be 2.2 times higher than the benefits.
The stakeholders perceive measures related to safety climate to have a moderate
effect on groundings. However, consultants and ship companies/organizations regard
their costs to be high. All stakeholders, with the exception of the academics, believe
their cost–benefit ratio to be higher than one (C/B >1).
The stakeholders also consider measures against language barriers to have relatively
little importance regarding the probability of grounding. Neither of their costs is
regarded as high. Still, the cost–benefit ratio for all the stakeholders is above 1 (C/B >1).
Measures against abuse of alcohol score high in the benefits model (Table 3) and low
in the cost model (Table 4). As such, they had the lowest C/B ratio. Summing up, only
the BRM measures and measures against alcohol abuse have a C/B ratio <1 (Table 5).
Table 3 The positive effect of measures on grounding avoidance (Benefits model). The Eigenvector
weight is presented as ideals. The vector of priorities is given in blankets
Measure

Academics Consultants Authorities Ship companies Seafarers Total
and insurers
and org.

Measures to improve
bridge resource
management (BRM)

1.000

1.000

0.990

1.000

0.801

1.000

(0.420)

(0.417)

(0.285)

(0.513)

(0.234)

(0.326)

Human fatigue measures

0.398

0.470

1.000

0.285

1.000

0.779

(0.167)

(0.196)

(0.288)

(0.146)

(0.292)

(0.254)

Safety climate measures

0.598

0.530

0.552

0.294

0.582

0.564

(0.251)

(0.221)

(0.159)

(0.151)

(0.170)

(0.184)

Measure against alcohol
on duty

0.202

0.204

0.597

0.246

0.664

0.396

(0.085)

(0.085)

(0.172)

(0.126)

(0.194)

(0.129)

Measure against
language barriers

0.431

0.194

0.333

0.123

0.373

0.328

(0.181)

(0.081)

(0.096)

(0.063)

(0.109)

(0.107)

Consistency Ratio (CR)

0.07

0.04

0.01

0.11

0.02

0.01
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Table 4 Measures in regard to their total capital costs (Costs model). The eigenvector weight is presented
as ideals. The vector of priorities is given in blankets
Measure

Academics Consultants Authorities Ship companies Seafarers Total
and insurers
and org.

Measures to improve
bridge resource
management (BRM)

0.356

1.000

0.224

0.986

0.362

0.726

(0.133)

(0.303)

(0.104)

(0.344)

(0.142)

(0.217)

Human fatigue measures

1.000

0.452

1.000

0.504

1.000

1.000

(0.374)

(0.137)

(0.464)

(0.176)

(0.392)

(0.299)

Safety climate measures

0.511

0.908

0.381

1.000

0.533

0.716

(0.191)

(0.275)

(0.177)

(0.349)

(0.209)

(0.214)

0.201

0.353

0.179

0.181

0.222

0.264

(0.537)

(0.107)

(0.083)

(0.063)

(0.087)

(0.079)

Measure against language 0.607
barriers
(0.227)

0.587

0.369

0.198

0.434

0.639

(0.178)

(0.171)

(0.069)

(0.170)

(0.191)

Consistency Ratio (CR)

0.01

0.06

0.04

0.01

0.003

Measure against alcohol
on duty

0.03

Regarding the human fatigue model, all stakeholders have a strong belief that LTA
manning levels contribute most to human fatigue in the BMT (Table 6). The ship
companies and organizations also believe that efficiency pressure contributes strongly
to human fatigue. LTA manning levels contribute relatively much higher to human
fatigue than the other five decision elements. The stakeholders also believe that the 8–4–
4–8 watch scheme is better than 12–12 scheme in regard to human fatigue.

4 Discussion and conclusions
Various measures for reducing the probability of ship grounding are considered in this
article. It is not straightforward to give a simple answer to which of the five measures
Table 5 The cost–benefit ratio of the vector of priorities for each measure
Cost–benefit ratio
Measure

Academics Consultants Authorities Ship companies Seafarers Total
and insurers
and org.

Measures to improve
bridge resource
management (BRM)

0.316

0.726

0.365

0.669

0.604

0.666

Human fatigue measures

2.242

0.696

1.610

1.203

1.344

1.174

Safety climate measures

0.762

1.242

1.114

2.315

1.227

1.161

Measure against alcohol
on duty

0.887

1.271

0.488

0.501

0.452

0.611

Measure against language
barriers

2.976

2.193

1.786

1.081

1.546

1.795
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Table 6 Elements causing the most human fatigue in BMT. The eigenvector weight is presented as ideals.
The vector of priorities is given in blankets
Measure

LTA manning level

Academics

Consultants
and insurers

Authorities

Ship companies
and org.

Seafarers

Total

1.000

1.000

1.000

0.873

1.000

1.000

(0.440)

(0.536)

(0.482)

(0.206)

(0.303)

(0.422)

Watch scheme
12–12

0.270

0.254

0.280

0.835

0.640

0.382

(0.119)

(0.136)

(0.135)

(0.197)

(0.194)

(0.161)

LTA safety climate

0.398

0.192

0.334

0.572

0.475

0.346

(0.175)

(0.103)

(0.161)

(0.135)

(0.144)

(0.146)
0.265

Efficiency pressure

0.352

0.207

0.114

1.000

0.297

(0.155)

(0.111)

(0.055)

(0.236)

(0.090)

(0.112)

LTA vessel
certifications

0.150

0.114

0.207

0.381

0.416

0.190

(0.066)

(0.061)

(0.100)

(0.090)

(0.126)

(0.080)

Watch scheme
8–4–4–8

0.100

0.099

0.141

0.581

0.472

0.187

(0.044)

(0.053)

(0.068)

(0.137)

(0.143)

(0.079)

Consistency ratio
(CR)

0.03

0.04

0.02

0.02

0.01

0.01

(related to the BRM, human fatigue, safety climate, alcohol abuse and language barriers)
the decision-maker should prioritize. However, human fatigue measures are considered
the most expensive to implement by the stakeholders; the second most expensive are the
BRM measures; third, the language barriers measures; fourth, the safety climate measures; and lastly, alcohol abuse.
When choosing which measure to implement, the decision-maker has to keep in
mind various consequences. Weighing the consequences of the different choices can
be a difficult task. The AHP method gives the decision-makers an overview of the
choices available and the stakeholders’ related attitudes to them. This article demonstrates how AHP can be used for inputs to cost–benefit studies.
In summary, the results of the study reveal that stakeholders consider human
fatigue as having a relatively strong effect on the probability of ship grounding.
The human fatigue measures have the second highest priority when the stakeholders
are asked about the most effective measure to reduce the probability of ship grounding, but the human fatigue measure still gets a C/B ratio >1. However, the stakeholders also regard the costs related to human fatigue measures as being higher than
the benefits of reducing the probability of ship grounding. Also, the stakeholders
participating in this study mostly come from north-west Europe, where the costs are
relatively high. Although the maritime industry operates in the global market, it may
still not be straightforward to generalize the C/B ratios.
Furthermore, the results are not controlled for known fatigue-related factors such
as the short voyages, circadian effects, etc. Vessels factors, such as the age and the
size of the ship, are not part of the equation. The study gives a broad picture of the
situation for all ships on a voyage of at least 24 h. Therefore, further research should
be done on specific types of ships and circumstances.
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The stakeholders’ opinion about human fatigue measures being too costly might help
understand why fatigue is still a widespread phenomenon in the maritime industry.
However, it must be said that there are some differences between the stakeholders. The
consultants, the ship companies and organizations believe the human fatigue measure
costs to be lower than what the academics, authorities and seafarers believe (Table 4).
Only the consultants regard the fatigue measures to have a significant cost–benefit ratio
(i.e. <1) (Table 5).
Consequently, measures for reducing language barriers score poorly for both
benefits (low benefits) and costs (high costs). The costs of improving language skills
outweigh the benefits by a factor of almost 1.8.
In the stakeholders’ opinion, the watch scheme 8–4–4–8 generates less human
fatigue than the 12–12 watch scheme. All stakeholders have a strong belief that
among the decision elements considered, adequate manning levels are most important
to avoid human fatigue. Adequate manning is clearly regarded as the most important
element contributing to human fatigue. More research should be done on the effect
LTA manning levels have on human fatigue and the probability of ship grounding.
The AHP study indicates differences between the stakeholders regarding the
perceived benefits and costs of some of the measures. It is well known that the risk
perception of stakeholders is influenced by their social networks and social interactions. There is a tendency to show solidarity to their own communities, and they often
attempt to rigidly place themselves well within the “agreed upon” reality in their
communities (Recchia 1999). Motivational bias may also play a role; it can occur
when the expert has something to gain or lose in the outcome of the ongoing
assessment. Needless to say, the research has little to say about the motivational
biases, but the analyst should be aware of this fact (Vick 2002). The AHP method
deals with this bias by searching for any inconsistencies in the answers.
In general, it is recommended that studies should include stakeholders who differ
from each other in terms of viewpoint and knowledge in order to minimize redundant
information and maximize the effectiveness of aggregation (Clemen and Winkler 1999).
By including various stakeholders, the study attempts to elicit the common beliefs of the
maritime industry. Also, the number of stakeholders or experts involved in this study, as
well as the high consistencies in their answers, indicate the robustness of the analysis.
Still, the differences between the stakeholders highlighted in this study should be
subjected to further research.
Finally, the numbers of measures investigated are only five due to AHP and its
practical limitations. Although the five measures were chosen carefully to cover important known issues linked to human factors and the probability of grounding, future
research should consider including more measures.
The following main conclusions can be drawn from the study in this article:
1. Among the five measures (related to alcohol abuse, bridge resource management,
human fatigue, safety climate and language barriers), measures against alcohol
abuse are considered to be the most cost–benefit efficient alternative to implement
for shipowners.
2. In general, the stakeholders in the maritime community deem human fatigue
measures to have a high benefit (prioritized second), but the costs of implementing
them are deemed to be higher (highest costs).
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3. The watch scheme 8–4–4–8 is considered less fatiguing than the 12–12 scheme
by the stakeholders.
4. The stakeholders regard LTA manning on the bridge of a ship to be the most
crucial element with respect to generating human fatigue.

Annex

Table 7 Below are the explanations of the elements included in the study with their examples and possible
measures, as explained to the stakeholders. It was stated that the measures were not all- inclusive, and were
meant to serve as examples
Concept

Explanation

Possible measures

Alcohol

Even low alcohol exposure significantly
impairs the performance of the maritime
bridge crew. Alcohol has a similar effect
on human cognitive capacities as fatigue.
A period of sustained wakefulness of
18 h can be comparable to a blood alcohol
concentration (BAC) of 0.05 %. If sleep
deprivation continues for 24 h, the of fatigue
is equal to a BAC level of 0.10 %.Use of
alcohol also significantly impairs the visual
search and the solving of navigational
problems (Marsden and Leach 2000)

No alcohol allowed on-board; frequent
BAC checks; severe consequences
if detected with blood alcohol
concentration on duty

Fatigue

A definition of maritime human fatigue is
“a biological drive for recuperative rest”
Fatigue can be classified as physical or
mental. Mental fatigue is believed to be
psychological in nature, whereas physical
fatigue is considered synonymous with
muscle fatigue. Both physical and mental
fatigue causes decline in alertness, mental
concentration and motivation. Fatigue
decreases the speed of cognitive processing,
and thus the major symptom of mental
fatigue is a general sensation of weariness,
increases in reaction time, lower vigilance
and disinclination for any kind of activity.
Psychological distress is shown to be most
aggravated in workers who face high
demands in their jobs, e.g. excessive work
load, confined spaces and poor thermal
conditions

Lower the efficiency pressure; increase
the rest times; predictable working
hours; increase number of holidays;
increase the manning level on the
bridge; better ergonomic designs

Bridge resource Bridge resource management draws its
inspiration from the airline industry, which
management
found an alarming number of accidents
(BRM)
happened despite prior warning from the
equipment or crew to the officer in charge.
The BRM introduces the concept of a
navigation team to ship crew and frames
their decision-making process towards
establishing watch conditions during the

BRM courses; stricter company
policies obliging BRM application;
BRM campaigns
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Table 7 (continued)
Concept

Explanation

Possible measures

course of the voyage. Bridge team
management techniques emphasize
decision-making in the bridge team, based
upon conditions related to workload and
potential threats to the vessel. The BRM
seeks to define the individual task and
responsibilities of the various bridge
team members while developing a common
situational awareness to prevent individual
errors
Safety climate

An important fatigue influencing factor is
Level of employee empowerment;
safety climate, which reflects the attitudes,
higher management involvement
beliefs, perception and values that persons
and interest; the rewarding system;
share in relation to safety at all levels of the
safety information; investment in
organization. A safety climate is only one
safety and safety oriented
aspect of the safety culture in an organization,
procedures
which can be defined as a constructed system
of meaning through which the hazards of the
world are understood. There is, however, a
lack of universal consensus regarding the
term safety culture and safety climate. Often,
the terms are used interchangeably in the
literature. Safety culture can be defined as
a set of attitudes, perceptions, competencies
and patterns of behaviour in an organization,
which encompasses “how people feel” about
safety and safety management systems. This
feeling is the safety climate, which can be
measured subjectively through the use of, for
example, questionnaires

Language
barriers

Many cultures and nationalities work together
in the maritime transport industry. This can
create language barriers and increase fatigue
levels on-board. Effective and clear
communication between the vessel traffic
services (VTS) and seafarers, vessels and
ships needs to be in place

Technical language courses; recruit
higher-qualified personnel
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