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Abstract
A study of navigational situations involving a small passenger ferry ‘Ole III’
was conducted based on participatory observations in the Husøysund strait in
Tønsberg municipality, Norway. The aims were to document the extent to
which crossing situations are solved according to navigational rules and prac-
tice, and to investigate the number of incidents which could pose a risk for Ole
III and its passengers. Because of the high density of private pleasure craft, we
expected a rather large number of non-compliance with navigational rules.
Observations supported this assumption, and based on the total of 3152 cross-
ings with Ole III where other vessels where present, a total of 279 (8.9%)
incidents were considered to involve non-compliance with navigational rules
and practice. A total of 165 incidents were caused by the other vessels failing
to give way even though it had Ole III on its starboard side. This indicates
that, at least in Norway, we may routinely expect pleasure craft to deviate from
navigational rules for crossing situations. A number of incidents could partly be
explained by a mismatch in understandings of which vessel had the right-of-
way. Also, incident risk was higher when Ole III used active control strategies
to handle crossing situations (e.g. keeping course and speed) as compared with
passive control strategies. A taxonomy of situations based upon intentions is
presented together with suggestions for control strategies for small passenger
vessels that operate in waters with many pleasure craft.
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1 Introduction

Many rivers and narrow passageways that are transited by small passenger ferries are
also used by a large number of pleasure craft and other small vessels. A small passenger
ferry is defined in Norwegian regulations as a ship of less than 24 m that carries 12 or
fewer passengers (Nærings- og Fiskeridepartementet 2020). Pleasure craft impose an
extra risk for small passenger vessels. It has been documented that pleasure craft are
involved in a considerable number of accidents (Mohovic and Baric 2013), and they
might also pose a risk to commercial vessels due to their sometimes unpredictable
behaviour (Porathe 2015). Additionally, pleasure craft skippers may also have an
increased prevalence of sailing while intoxicated and/or to sail at excessive speeds
(Norwegian Maritime Authority 2012). As accident investigations or near-miss assess-
ments are seldom done for pleasure craft, little is documented about how these small
passenger ferries interact with pleasure craft (Stoop 2003). A few recent reports do exist
(Norwegian Maritime Authority 2012; AIBN 2019a, b), but these reports do not
investigate near-misses and incidents, nor do they investigate the handling and resolu-
tion of crossing situations. In other words, there is a need for investigations on the types
of situations that arise during crossing situation between pleasure craft and other
commercial vessels.

Risk assessment of socio-technical systems is challenging as it includes human
behaviour and the unpredictability inherent in modelling human agents. Current
methods for risk management are based upon two types of data: (1) accident investi-
gations and (2) reports of unwanted incidents (Mazaheri et al. 2018). Despite the under-
reporting of maritime accidents (Hassel et al. 2011), these methods for risk manage-
ment have contributed great improvements in the technical side of modern socio-
technical systems, to the extent that the majority of accidents are attributed to human
error (Dhillon 2007; Reason 1997; Dekker 2006). The main idea behind risk manage-
ment is to identify human errors and equipment and components that are not working
as intended, and then correcting these to prevent reoccurrence (Strauch 2005; Reason
1997; but see also Dekker 2006; Øvergård 2015). Risk management according to this
model is the handling of non-events, that is, avoiding the presence of some (unwanted)
phenomena (Hollnagel 2014). However, the focus on ‘non-events’ has an inherent
paradox—as risk management improves, there will be less data to guide future risk
management because there are fewer incidents or accidents (Mazaheri et al. 2018;
Hollnagel 2013).

2 Management of risk in socio-technical systems

As a partial answer to this problem, Hollnagel (2013, 2014, 2018) has suggested that
risk management should rather focus on (1) work tasks that are handled successfully
and (2) how routine situations are being performed and handled. Hollnagel (2018)
claims that the advantage of focussing on route work and successes is that we will have
a much larger data set that can guide risk management as there are more successes than
failures. Additionally, information about how routine work is being done will provide
us with better information to redesign systems (Hollnagel 2018). Still, information
about routine work is not necessarily sufficient to support crew and system
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manufacturers as accidents, incidents and near-misses often are a result of unexpected
deviations from routine operations (Bjørkli et al. 2007; Øvergård et al. 2015a). Also,
the events that lead to deviations from routine operation are not necessarily under
control by the crew aboard a vessel and these events might not be predictable.

An intermediate approach (which this article adheres to) aims to solve some of the
above-mentioned challenges by focusing on the precursors to both normal operations
and to near-misses, and then investigates how these incidents are handled or resolved
(Øvergård et al. 2015a; Mazaheri et al. 2018). This approach partially comes out of
Petersen’s (2004) control situations framework (see also Bjørkli et al. 2007). Within
this framework, incidents are ‘situations where conditions and actions produce a
situation that under slightly different circumstances would have turned into an accident
with a large loss probability’ (Øvergård et al. 2015a, p. 367). In principle, we can say
that incidents or near-misses are cases that would have gone wrong had it not been for
the intervention of a human or an automaton (Mazaheri et al. 2018). Near-misses have
similar mechanisms and underlying causes as accidents, so studying near-misses would
give valuable information for the redesign of socio-technical systems (Hollnagel 2009).

Observing successes, near-misses and incidents comes at an increased cost regarding data
collection and data analysis; however, there are also a number of advantages. First, focusing
on near-misses reveals how the socio-technical system works on the functional and
operational boundaries of the system. Systems operating on the functional and operational
boundaries will show performance variability not seen in routine operation (Øvergård et al.
2015a; Bjørkli et al. 2007; Øvergård et al. 2010). Observing near-misses also gives us the
ability to identify how humans and automatons react to avoid accidents during critical
situations. This has seldom been observed and reported in academic literature, but there are a
few exceptions (Mazaheri et al. 2018; Øvergård et al. 2015a).

Second, it is estimated that there are 600 times more near-misses than there are
accidents (Rothblum et al. 2002). Hence, an approach that investigates the actual
occurrence of navigational behaviour (whether it is categorised as routine work, near-
misses, incidents or accidents) will have more data to work with than both the
traditional accident investigation approach and the routine work approach.

Third, causal or statistical claims of human involvement in accidents based upon
data from accidents (e.g. ‘between 70-96% of all accidents in the shipping industry are
rooted in human error’, Dhillon 2007, pp. 91–92) are affected by selection bias
(Øvergård 2015), as the observation of human errors is dependent upon the occurrence
of accidents. Also, there is a lack of data on non-accidents (or successful events), thus
making it very challenging (if not impossible) to estimate the impact of human error on
maritime accidents (Øvergård 2015).

An approach that collects all behavioural data from a system—both on successes or
routine work, on near-misses or incidents and on accidents—will acquire data that may
be used to estimate the contribution of a variable (e.g. human error) to the overall
system safety (Øvergård 2015).

3 Background for the research project

The aim of this paper is to investigate the risk posed by crossing situations between a
small manned passenger ferry named ‘Ole III’ and pleasure craft. The data collection
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was done as part of a larger project aimed at designing and implementing an unmanned
autonomous passenger ferry (UAS) in the Husøysund strait in Tønsberg, Norway. Due
to the novelty of using UAS for passenger traffic, there was a need to investigate the
traffic situations that a future UAS might encounter in the Husøysund strait. Because
Ole III navigates the same route that would be used by an UAS, the traffic situations
that OLE III experienced would be indicative of the traffic situations that a UAS might
encounter. Participatory observations were used to document all crossing situations that
‘Ole III’ was involved in at the Husøysund strait between 10 AM and 8 PM on all days
between 4 June and 4 August 2018.

4 The Husøysund strait

Husøysund is a strait in the municipality of Tønsberg between the mainland (Husvik)
and the island of Husøy. Husøysund is the main east-west sailable route out from the
city of Tønsberg. The strait is between 100 and 150 m across, from shore-to-shore, and
has a central channel more than 6 m deep with no traffic separation zones. The sailable
channel through the strait is marked with red/green buoys, leaving a sailable channel
between 40 and 60 m wide. The ferry route crosses the Husøysund strait between the
coordinates 59.243248° N 10.460731° E and 59.243954° N 10.461588° E, a distance
of approximately 100 m.

Husøysund is trafficked by many pleasure boats during the summer season. The
strait is also navigated by a small number of commercial ships going to and from the
Tønsberg harbour. Due to the layout of the strait and the weather conditions (wind and
tidal currents), the operation of Ole III can be compared to that of small river-crossing
passenger ferries.

5 Characteristics and manning of Ole III

Ole III operates as a manned and human-controlled passenger ferry with a maximum
capacity of 11 passengers. It is 7.59 m long and 2.6 m wide. It has a 38 hp Yanmar
engine with one propeller for propulsion. The ferry is operated by a single person with a
captain’s licence. The captain is responsible for the passengers and the equipment on
board and conducts the transit using optical navigation. The only tools for navigation
are binoculars and a magnetic compass. The captain does all the assessment of traffic
and takes all decisions regarding handling of crossing situations and navigation ac-
cording to experience and good judgement. Figure 1 shows a picture of Ole III. A
crossing with Ole III takes about 2 min when traffic is low and weather conditions are
good.

6 Colregs and the traffic situation in Husøysund

Crossing of Husøysund is particularly challengingly seen from a perspective of the
International Regulations for Preventing Collisions at Sea (COLREGS) by the Inter-
national Maritime Organisation (IMO 1972). Standard actions for vessels on a crossing
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course are determined by Rule 15 in COLREGS stating that any vessel that is on a
crossing course with another vessel which is on its starboard side shall give way to the
other vessels, and if possible avoid changing course. This means simply that the ‘give-
way vessel’ must make a course change to starboard to cross aft of the vessel that has
the right of way (the stand-on-vessel). Rule 17a (i) states that the stand-on-vessel shall
keep its course and speed constant during the crossing phase, but Rule 17a (ii)
also states that the stand-on-vessel must be ready to make an evasive manoeu-
vre if the give-way-vessel does not perform the requisite manoeuvres as deter-
mined in Rule 15 (IMO 1972).

A complicating element in the present case is Rule 44 of ‘Sjøveisreglene’ (‘Seafar-
ing rules’ Norwegian translations of COLREGS as well as a special set of rules for
Norwegian waters) (Department of Fisheries and Commerce 1975). Rule 44 states that
all pleasure craft shall, as far as possible, keep away from larger vessels, vessels
transporting according to a schedule or other commercial vessels when they pass a
narrow passage, a heavily trafficked fairway or a port. Ole III is such a commercial
vessel that sails passengers, and Husøysund is a narrow passage with heavy traffic.
Hence, pleasure craft should keep away from Ole III while it crosses Husøysund.
However, since Ole III does not have manoeuvring problems or a large draft, Ole III
cannot with juridical certainty claim to have the right-of-way against vessels that are on
its starboard side. Note also that the law states ‘… as far as possible keep away
from…’, which is something different than ‘giving way’. Thus, the juridical status of
whether Ole III has the right-of-way against all other vessels in Husøysund is not clear.
Problems might arise if the captain on Ole III acts according to Rule 44, which goes
counter to Rule 15 in COLREGS (IMO 1972) with regard to ships on the starboard side
of Ole III because the success of this strategy is dependent on pleasure craft skipper and
Ole III’s captain having the same understanding of Ole III’s status.

From a psychological perspective, such a plan can only be successful if both have
the same mental models of how crossing situations should be resolved. Shared mental
models are important for collaboration and for teamwork (Stout et al. 1999; Mathieu

Fig. 1 The Ole III passenger ferry (photo by Tønsberg Sjømannsforening, used with permission)
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et al. 2000), and sharing of information and/or communication is central to ensure a
shared understanding of situations (Stanton et al. 2006; Nazir et al. 2015) as well as to
the safety of navigation (Øvergård et al. 2015b). Our study is aimed at identifying how
the skippers of the pleasure craft and the captain of Ole III resolve crossing situations.

7 Challenges with pleasure craft

Most of the vessels passing through Husøysund are pleasure craft. A report from the
Norwegian Maritime Authority (2012) indicates that the major challenges with pleasure
craft in Norwegian waters that can be precursors to accidents are (1) the lack of
competency in proper navigation and behaviour at sea, (2) the use of intoxicants—
particularly alcohol—and (3) high speeds—in recent years, the number of pleasure craft
capable of high speeds has increased in Norway.

The lack of competence for pleasure craft skippers is underscored by the Norwegian
Maritime Authorities’ campaign to increase awareness of proper behaviour at sea
through the ‘Løft blikket’ (eng. raise your eyes) campaign (Norwegian Maritime
Authority 2019). The lack of navigational skills for owners of pleasure craft can partly
be attributed to lack of training. In Norway, there were no requirements of proficiency,
skill or need of training for skippers of pleasure craft shorter than 15 m until 2010. In
2010, the boat licence test was made mandatory for all persons born on 1 January 1980
or later. People born before that date are still not required to have a boat licence to sail a
pleasure craft with an overall length shorter than 15 m. In a recent study (Amundsen
and Bjørnskau 2017), about 45% of pleasure craft owners in Norway (N = 11,122)
reported that they had the boat licence, while 16.5% of the sample had other certificates
or other types of training. This leaves about 38.5% of Norwegian pleasure craft
skippers that are without any proof of competence in navigation.

Intoxication is also a challenge, as people’s willingness to drink while sailing is
much higher than their willingness to drink and drive (Norwegian Maritime Authority
2012). The permitted alcohol limit in Norway while sailing private pleasure craft less
than 15 m in length is 0.08% (Department of Commerce and Fisheries 1998). A recent
report from the Institute of Transport Economics reports that in a Norwegian sample,
about 45% of all users of pleasure craft in Norway reported drinking alcohol just before
or during a boat trip (Amundsen and Bjørnskau 2017, p. IV). Also, a recent report from
the Accident Investigation Board Norway (AIBN 2019b, p. 59) has found that for all
pleasure boat accidents where someone died, intoxication was involved in 28% of all
types of accidents and in 53% of all collisions/groundings.

Similarly, the number of pleasure craft capable of high speeds has increased in
Norway (Norwegian Maritime Authority 2012). High speed was found to be present in
5% of all accidents and in 37% of all collisions and groundings with pleasure craft. In a
sample consisting of 10,788 owners of pleasure craft in Norway, about 56% of them
reported to have sailed faster than the allowed speed close to shore, and about 5% say
they often sail faster than the speed limit when they are close to land. The willingness to
sail at high speeds is exacerbated by the lack of competencies as well as when the
skipper is intoxicated (ibid).

Hence, we can expect to routinely see non-compliance of COLREGS from pleasure
craft in the Husøysund strait. One of the main challenges is that we can expect that a
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strict adherence to COLREGS by Ole III (i.e. expecting other vessels to give way and
pass aft of Ole III) may actually lead to collisions or incidents because other pleasure
craft do not necessarily adhere to COLREGS. Hence, this requires us to investigate
routine situations, deviations from COLREGs, near-misses and accidents and to see
how an experienced captain would resolve these situations (Øvergård et al. 2018).

8 Research questions

The challenges described above, combined with the fact that the ferry at Husøysund is
to be replaced by a small autonomous unmanned passenger ferry, lead to the following
research questions: ‘What is the prevalence of deviations from COLREGS during
crossing situations involving pleasure craft?’ and ‘What are the associated risks of
these incidents related to the safety of Ole III and its passengers?’

The data gathered and the resulting analysis will give an empirical view of the
expected occurrence of non-regulatory behaviours from the other pleasure craft, and it
will also identify the actions taken by the captain aboard Ole III to resolve such
situations. Knowledge of the prevalence and risk of these challenges is critical for
identifying the risks related to the operation of unmanned autonomous passenger ferries
and to exemplify the challenges we need to take into consideration when designing
autonomous passenger ferries.

9 Methods

9.1 Data collection

Data was collected through participative observation between 10:00 and 20:00 each
day from 4 June to 4 August 2018. Two second-year nautical students from the
Department of Maritime Operations, University of South-Eastern Norway, took turns
to participate on all crossings with Ole III in the stated period. Data was collected using
a pre-made questionnaire, and for each crossing, the students recorded the following
variables: (1) date and time, (2) the number and type of crossing vessels on starboard
and on the port side, (3) number of passengers (adults, children and passenger with a
need for assistance) and bicycles and (4) notations of all instances where COLREGS
are not followed, with a brief description of the incident and what the captain of Ole III
did to handle the situation. The data was entered into an Excel sheet, and categories of
actions and types of situations were established through thematic analysis (Braun and
Clarke 2006). The numerical data were analysed using IBM SPSS 26.

10 Results

10.1 Observations

Data from 4802 crossings in Husøysund were recorded. During these 4802 crossings,
there were no accidents involving collision, allisions or groundings. In 1650 of these
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crossings, there were no other vessels present, while on 3152 crossings, other vessels
were on a crossing course with Ole III. Of the 3152 crossings with other vessels
present, a total of 7415 vessels were recorded to have a crossing course with Ole III
where 4150 vessels coming at starboard and 3265 vessels at the port side of Ole III. Ole
III transported 6225 passengers of which 1227 were under 16 years of age and 60
needed assistance to get on board (mostly kids in kindergarten). In addition, a total of
3995 bikes were transported across Husøysund.

10.2 Incidents

Altogether, 279 incidents with other vessels on a conflicting course were given
a risk classification. This amounts to 5.8% of the total number of Ole III’s
crossings and 8.9% of the total number of crossings with other vessels present.

These incidents involved non-regulatory behaviours breaching COLREGS or
involved other incidents (excessive speed, dangerous navigation) that could
have impacted the safety of the ferry and its passengers. Each written descrip-
tion of the events was analysed with a thematic analysis (Braun and Clarke
2006) and assessed for risk by two persons, a navigator with 8 years of sailing
onboard vessels in the Royal Norwegian Navy and 20 years of experience in
different jobs in the maritime industry and a Professor of maritime human
factors. The categories were defined according to (1) the actions of Ole III’s
captain, (2) the notes made by the observer in the questionnaire, (3) an
assessment of the risk potential by the two assessors.

The first risk category ‘deviation’ was defined as a deviation from the COLREGS
where Ole III waited for the other vessels to pass or passed at the aft of the other vessels
even though Ole III had the right of way. In this category, there was no imminent
danger to Ole III or its passengers. This risk category occurred 229 times (4.8% of the
total, 7.3% of crossings with other vessels present).

The second risk category ‘dangerous’ was defined by situations where the
captain of Ole III had to reduce forward thrust (i.e. reduce speed) and/or
change course to avoid conflict with other vessels. We also included other
vessels passing Ole III at high speeds (well above the 5-knot speed limit in the
Husøysund strait) where the observer also has noted specifically that the other
vessels was sailing at high speed. ‘Dangerous incidents’ occurred a total of 39
times (0.8% of the total number of Ole III’s crossings, and 1.2% of Ole III’s
crossings with other vessels present).

The final risk category ‘critical’ was reserved for incidents where Ole III had to
reverse thrust and/or do an evasive manoeuvre and/or use the horn to give a signal to
avoid an incident. This represented the incidents with the highest risk of collision in the
observed data set. This category occurred 12 times (0.2% of the total; 0.38% of
crossings with other vessels).

Unfortunately, we cannot say whether the number of deviations is ‘large’ as
we do not have any data from other comparable maritime sources. However,
our experience from navigation with pleasure craft in Norway tells us that our
observations are not abnormal for the Norwegian summer period. This experi-
ence is also supported by the recent review of reported pleasure craft accidents
between 2003 and 2017 by AIBN (2019a, b).
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10.3 Incidents and the number of other vessels present

A binary logistic regression on the 3152 crossings where other vessels were present
indicated that the number of vessels present on a crossing course was clearly associated
with the occurrence of incidents (Exp(B) = 1.154, 95% CI [1.09, 1.23], p < 0.0001), i.e.
a larger number of vessels increased the risk of incidents. We also found that the
number of vessels coming towards Ole III’s port side increased the risk of an incident
(Exp(B) = 1.31, 95% CI [1.21, 1.43], p < 0.001), while this was not the case for the
number of vessels coming towards Ole III’s starboard side (Exp(B) = 1.01, 95% CI
[0.92, 1.11], p = .829).

10.4 Risk relating to which side the vessels come from

As discussed in the introduction, it is of interest to see how the incidents are distributed
according to which side the involved vessels come from (relative to Ole III). The
distribution of events as a function of risk category and which side the vessels came
from is described in Table 1. There were no other vessels on a crossing course to Ole III
on 1650 (34.4%) of all passages of Husøysund. There were fewer passages where Ole
III had vessels on a crossing course only on the port side (840 events, 17.5%), as
compared with those on the starboard side (1137, 23.7%) or both sides (1175, 24.5%).
In all these events with other vessels present, we have determined where the offending
vessel came from (note: offending here means that this was the vessel that created the
situation, either by recklessness, lack of attention or a failure to understand and/or
follow the anti-collision regulations).

For a total of 30 incidents, information was lacking about which side the offending
vessel came from. The questionnaire did not ask for explicit information about which
side the offending vessel came from, so while the descriptions of these 30 incidents
registered that there were vessels on a crossing course coming from both sides of Ole
III, they did not specify which side.

When we assess the crossing situations where other vessels approach only on
starboard or only on the port side of Ole III, we see that 5% of crossings with other
vessels approaching Ole III’s starboard side had an incident (1137 crossings and 57

Table 1 Risk categorisation and direction other vessels

Risk category Side the other vessels came from* Sum

None Stb only Port only Both sides

Normal situation 1650 1080 757 1036 4523

Deviation – 44 71 113 228

Dangerous – 12 7 20 39

Critical – 1 5 6 12

Sum 1650 1137 840 1175 4802

Cross table of risk categorisation of events and the side other vessels came from
*Numbers for the risk categories ‘Deviation’, ‘Dangerous’ and ‘Critical’ indicate the number of times the
offending vessel came from starboard, port or both sides. None, no other vessels present; Stb, starboard
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incidents) while 9.9% of crossings with other vessels approaching on Ole III’s port side
had incidents (840 crossings and 83 incidents). This means that situations with pleasure
craft approaching Ole III’s port side had twice as high relative risk (RR) of an incident
compared with situations with pleasure craft approaching Ole III’s starboard side
(RR = 1.97, 95% CI [1.42, 2.73], p < 0.0001). We calculated RR according to the
method described by Altman (1991). That the risk for experiencing incidents is larger
with vessels coming from the port side of Ole III may indicate that skippers of pleasure
craft have a lax attitude or knowledge of basic navigational rules such as Rule 15 in
COLREGS (IMO 1972).

10.5 Causes of incidents

Thematic analysis (Braun and Clarke 2006) of the descriptions of the incidents found
the following themes: ‘did not give way’, ‘high speed’, ‘lack of attention’, ‘on wrong
side of fairway’, ‘other’ and ‘high traffic density’. Table 2 shows the cross table of the
categorisation of risk and the risk assessment for all incidents. As we can see from
Table 2, the categories of ‘did not give way’ occurs 27 and 40 times more often than
‘lack of attention’ and ‘too high speed’, respectively. Also, the situations ‘other vessels
did not give way’, ‘other vessels had too high speed’ and ‘other vessels showed lack of
attention’ were involved in all ‘critical’ and all but one of the ‘dangerous’ incidents.

The category ‘high traffic density’ had an average of 5.24 other vessels (95% CI
[4.01, 6.46]) on a crossing course with Ole III, which was markedly higher than the
other situations (all differences were significant at p < .0001) except for the ‘other
vessels on the wrong side of fairway’ which included only two observations.

10.6 Handling of crossing situations

Table 3 shows the relationship between the type of navigation situations and the control
strategies used by Ole III’s captain irrespective of the risk categorisation of the
incidents.

As can be seen in Table 3, the majority of incidents where the other vessels did not
follow COLREGS were met with an action that avoided the further escalation of an
incident.

Table 2 Cross table of OV actions and risk category

Risk category No. vessels Deviation Dangerous Critical Total

OV did not give way 2.66 205 30 9 244

OV had too high speed 1.50 – 5 1 6

OV lack of attention 2.11 4 3 2 9

OV on wrong side of fairway 4.00 1 1 – 2

Other 2.40 3 – – 3

High traffic density 5.24 15 – – 15

Total 228 39 12 279

OV, other vessels; No. vessels, average number of vessels on a conflicting course with Ole III for each situation
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10.7 Crossing situations, control strategies and risk categories

We can divide the actions of Ole III into two categories—‘active’ and ‘passive’ control
strategies (Bjørkli et al. 2007; Øvergård et al. 2010). ‘Active’ strategies involve actions
which assert the intentions of the captain of Ole III. Examples of active strategies in our
data are maintaining steady heading and speed (despite the presence of other vessels on
a crossing course) and communicating in some way with the other vessels to make
one’s intentions clear (e.g. using hand signs or the horn of the Ole III). With ‘passive’
control strategies, we mean an action that reduces the risk of the situation by avoiding
the other vessels. These ‘passive’ control strategies involved waiting before entering
the fairway, sailing aft of the other vessels, reducing speed or the active reversion of
thrust aft or emergency deviation to avoid collision.

To see whether there is a relationship between active and passive control strategies,
we have calculated the cross tables that contain information about the other vessels’
actions and the control strategies of Ole III’s captain for each of the three risk categories
‘deviation’ (see Table 4), ‘dangerous’ (see Table 5) and ‘critical’ (see Table 6).

As we can see from Table 4, in the majority of navigational situations deviating from
COLREGS, the captain of Ole III used a passive control strategy (waiting, sailing aft of
the other vessels, or reducing speed or deviating) a total of 204 times (89.5% of
incidents categorised as ‘deviation’). Active assertive strategies by keeping heading
and speed or communicating were used 24 times (10.5% of incidents).

For incidents categorised as ‘dangerous’, the captain of Ole III used a passive control
strategy (by waiting, sailing aft of the other vessels, and reducing speed or deviating) at
a total of 31 times (79% of incidents categorised as ‘dangerous’), while active assertive
strategies by keeping heading and speed were used 8 times (21%).

For the ‘critical’ incidents, Ole III used a passive control strategy (by sailing aft of
the other vessels and reducing speed or deviating) a total of 8 times (67%), while active

Table 3 Control strategies of Ole III’s captain for all risk categories

Situation Control strategies of the captain of Ole III

Kept course
and speed

Waited Sailed aft
of OV

Reduced speed
or deviated

Com. Used horn Total

No other vessels present 1650 – – – – – 1650

Normal navigation 2867 – – – – – 2876

OV did not give way 15 106 52 58 6 9 246

OV had too high speed 3 2 1 – – – 6

OV lacked attention 1 2 3 1 – 2 9

OV on wrong side of fairway 1 – – 1 – – 2

Other – 5 – – – – 5

High traffic density – 15 2 – – – 17

Total 4537 130 58 60 6 11 4802

OV, other vessels; Com., ‘communicating’; The ‘other’ situation category involves situations like kayak in the
strait, pleasure craft fishing in the strait and even ‘Viking ship with reduced manoeuvrability from port’
(Tønsberg is the home of a number of Viking ship replicas)
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control strategies were used 4 times (33%). We aggregated results (see Table 7) for
passive and active control strategies from Tables 4, 5, and 6 to see whether there was a
relationship between the risk category of incidents and the control strategy of Ole III.

As we can see, the active control strategies are underrepresented for the ‘deviation’
risk category, but overrepresented in the ‘dangerous’ and ‘critical’ risk categories. A
chi-square test of the numbers in Table 7 indicates that there is an association between
control strategy mode (active/passive) and the risk category of the incidents (Χ2= 7.613,
df = 2, p = .022). Active control strategies become more prevalent in the higher risk
categories; for example, active control strategies have an almost twice as high relative
risk of an incident in the dangerous category compared with the deviation category
(RR = 1.90, 95% CI [0.96, 3.76], p = .067), while the critical category had more than
threefold higher relative risk of an incident compared with the deviation category
(RR = 3.79, 95% CI [1.22, 11.76], p = .021). The sample size was not sufficient for

Table 4 actions of OV and Ole III’s control strategies for risk category ‘deviation’

Situation Control strategies of the captain of Ole III

Kept course
and speed

Waited Sailed aft
of OV

Reduced speed
or deviated

Com. Used
horn

Total

OV did not give way 15 103 48 32 5 2 205

OV had too high speed – – – – – – –

OV lacked attention 1 2 1 – – – 4

OV on wrong side of fairway 1 – – – – – 1

Other – 3 – – – – 3

High traffic density – 14 1 – – – 15

Total 17 122 50 32 5 2 228

OV, other vessels; Com., ‘communicating’; the ‘other’ situation category involves situations like kayak in the
strait, pleasure craft fishing in the strait and even ‘Viking ship with reduced manoeuvrability from port’
(Tønsberg is the home of a number of Viking ship replicas)

Table 5 actions of OV and Ole III’s control strategies for risk category ‘dangerous’

Situation Control strategies of the captain of Ole III

Kept course
and speed

Waited Sailed aft
of OV

Reduced speed
or deviated

Com. Used horn Total

OV did not give way – 3 2 21 – 4 30

OV had too high speed 3 2 – – – – 5

OV lacked attention – – 2 – – 1 3

OV on wrong side of fairway – – – – – 1 1

Other – – – – – – –

High Traffic Density – – – – – – –

Total 3 5 4 22 – 5 39

OV, other vessels; Com., ‘communicating’
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the dangerous and the critical categories to obtain a stable point estimate of the RR of
an incident, although the estimated risk was higher for the critical category (RR = 1.63,
95% CI [0.59, 4.47], p = .347).

11 Discussion

This paper sets out to identify instances of non-compliance with the rules of navigation
from other vessels (mostly pleasure craft) in relation to the operation of the small
passenger vessel Ole III in the Husøysund strait in Tønsberg municipality, Norway. We
found that non-compliance to COLREGS occurred a total of 279 times (ca. 8.8% of all
crossings with other vessels on a crossing course). The most common incidents were
when other vessels did not give way when they should have (244 times, 87% of all
incidents), and there were a few instances of reckless sailing (6 times, 2%), and nine
instances (3%) where the skipper of the other pleasure vessels was not paying attention,
was not present at the wheel and/or was occupied with other tasks.

The main outcome of these results is that for this area and time of year we must
expect that other pleasure craft will routinely deviate from COLREGS during crossing
situations with a small passenger ferry. We also found that the captain of Ole III’s

Table 6 actions of OV and Ole III’s control strategies for risk category ‘critical’

Situation Control strategies of the captain of Ole III

Kept course
and speed

Waited Sailed aft
of OV

Reduced speed
or deviated

Com. Used
horn

Total

OV did not give way – – 1 5 – 3 9

OV had too high speed – – 1 – – – 1

OV lacked attention – – – 1 – 1 2

OV on wrong side of fairway – – – – – – –

Other – – – – – – –

High traffic density – – 1 – – – –

Total – – 2 6 – 4 12

OV, other vessels; Com., ‘communicating’

Table 7 Relationship between control strategies and risk categories

Control strategy Risk category Total

Deviation Dangerous Critical

Passive 204 (90%) 31 (79%) 8 (67%) 243 (87%)

Active 24 (10%) 8 (21%) 4 (33%) 36 (13%)

Total 228 39 12 279

Cells contain the number of times a control strategy intersected with one of the three risk levels. Percentages
indicate the number of times a control strategy has been used for a given risk level
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control strategy of the small passenger ferry was related to the seriousness of the
incidents—with active control strategies (keeping heading and speed, communicating
or using the sound horn) being more prevalent in higher risk situations. Passive control
strategies (waiting to allow the other vessels to pass, sailing aft of the other vessels
(even though you have the right of way)) were associated with lower levels of risk
categories and tended to keep Ole III out of harm’s way on several occasions.

Interestingly, the interpretation of the results is dependent upon which side the
vessels came from. The 165 incidents with vessels that had Ole III on their starboard
side (i.e. the approach towards Ole III’s port side) are classical cases of pleasure craft
owners who are clearly in breach of the anti-collision regulations. This can be either
because of lack of training/understanding of the basics of navigation, lack of attention
or a result of inebriation or recklessness. As such, these 165 incidents are examples of
how a skilled captain contributes to navigational safety by taking actions that
defuse other people’s erroneous actions. According to this perspective, these
incidents are instances of how skilled humans are responsible for ensuring
safety of navigation (Bjørkli et al. 2007), and hence present a counter-weight
to the (some would say erroneous) view that most accidents are attributed to
human error (see, e.g. Dhillon 2007).

The incidents involving vessels on Ole III’s starboard side are a bit more compli-
cated to discuss, as Ole III has a status as a commercial vessel and according to Rule 44
in the national navigation regulations (Department of Fisheries and Commerce 1975)
other vessels should if possible keep away from Ole III. Our discussions with Ole III’s
captains gave indications that they interpreted Rule 44 to say that Ole III had the right
of way also against pleasure craft that came on Ole III’s starboard side. However,
through discussions with experts in maritime law, we have understood that it is not
clear whether Ole III would be deemed responsible or not if there was a collision
between Ole III and another vessel coming at Ole III’s starboard side. This is partly
because Ole III does not have problems with navigation in the narrow strait and that
they therefore can be expected to change course if situations would arise that could lead
to a collision.

From a pragmatic viewpoint, it is of less importance why the captains of the two
vessels act like they do—whether it is out of ignorance of the rules, carelessness, lack
of attention, intoxication or other reasons. In the end, it is the practical navigational
situations that have to be resolved. One way of resolving this is to take a descriptive
approach, such as focusing on whether people follow rules; however, this will only help
in attributing blame, or judicial responsibilities, and will not help in explaining actual
behaviour (i.e. why people choose to follow a rule or not). Table 8 describes a decision
situation involving four different outcomes for crossing situations with vessels on Ole
III’s starboard side. On the vertical side in the decision matrix, we have the decision of
the captain of Ole III who either acts like Ole III has the right of way or does not (yes/
no), and on the horizontal side, we have the decision of the skipper of the other vessels
who either thinks that Ole III has the right of way or not (yes/no).

These four possible outcomes are results of whether the two adaptive agents
intended to act according to Rule 44 (e.g. Ole III has right-of-way) or not. The main
aspect is whether the intentions of the two vessels correspond. As such, it describes sets
of situations that result in match or mismatch between adaptive agents (e.g. those in
control of the vessels). The concept of ‘adaptive agents’ includes both humans and
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autonomous technical systems. Thus, the situations described below will also be
relevant for the interactions and cooperation between humans vs. humans, humans
vs. automatons and automatons vs. automatons. Irrespective of the nature of the
adaptive agent, the challenges described in Table 8 are not possible to resolve unless
(1) it is possible to establish communication of intention between vessels or (2) it is
possible to ensure that all agents follow the COLREGS at all times. The last request is
highly unlikely to ever happen as long as pleasure craft skippers lack elementary
navigational competencies and knowledge of COLREGS.

11.1 Suggested control strategies

We have seen that the prospect of a close rule-following approach—like the one in use
for active control strategies (keeping heading and speed, communicating or using
horn)—is associated with a higher risk of incidents during crossing situations. Active
control strategies are associated with higher risk categorisation, partly due to the fact
that an assertive control strategy will allow other vessels to come closer, thus reducing
safety margins. Hence, using only active control strategies is not advisable as long as
one cannot ascertain that the other vessels understand your intentions and that they are
willing or able to deviate in accordance with COLREGS.

Passive control strategies ensure that Ole III avoids risky crossing situations. As our
data show, passive control strategy reduced the risk levels of crossing situations. In this
regard, it might be worthwhile for small passenger ferries to ‘play it safe’, that is, use
passive control strategies that avoid conflict situations at all costs (see, e.g. Alves and
Cruz 2016). One possible solution would be to say that Ole III (or any other small
passenger vessels) has to give way to all other vessels on its starboard side (in
accordance with Rule 15 in COLREGS). In this case, Ole III would always act

Table 8 Possible outcomes and risks of different mental models

Does the skipper of a vessel on starboard side of Ole III understand Ole
III’s intentions?

Yes No

Does the captain of Ole III
act like he has the
right-of-way according
to Rule 44?

Yes Normal situation: Ole III will keep
course and speed, other vessels
will slow down to avoid crossing
ahead of Ole 3.

Safety Incident: Mismatch between
mental models. Both Ole III and
the other vessels intend to stand
on course. One of the vessels
must make an avoidance
manoeuvre. Main challenge is
safety.

No Efficiency Incident: Mismatch
between mental models. Ole III
will change course to pass aft of
other vessels. Other vessels will
slow down to give Ole III the
right of way. Main problem is
lack of efficiency.

Normal situation: Ole III will
change course and pass aft of the
other vessels. Other vessels will
keep course and speed.

Error types involving humans and/or technical systems (see, e.g. Reason 1990, 1997) will come in addition to
the problematic scenarios relating to (mis)-match of agents’ intentions which are described here
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according to a passive control strategy. This could partly remove the problem of a
conflict of intentions (see Table 8) as the number of close-quarter crossings would be
reduced, and thus, the challenge stemming from a conflict of intentions would be
reduced. However, such an approach would come at the cost of efficiency when there is
heavy crossing traffic in the Husøysund strait.

Now, a third possibility would be to establish formalised ways to communicate
intentions between vessels—including pleasure craft (see Porathe 2015). There have
recently been research projects focusing on the improvement of navigational safety
through the sharing of route plans between commercial vessels such as MONALISA
2.0 (Sjofartsverket.se n.d.) and the Sea Traffic Management Validation Project (STM
n.d.). These projects focus (among other things) on sharing of route plans. Although
these projects present possible improvements to maritime safety, they are of less help
for the commercial vessels that interact with pleasure craft. First, route plans are not
mandatory for pleasure craft. Second, the projects focus on advanced equipment such
as the Automated Identification System (AIS) which is standard equipment on com-
mercial vessels but is not required and is too expensive for most normal pleasure craft.
Hence, there is a need for other methods for communicating intentions of commercial
vessels which will navigate among pleasure craft (Porathe 2015).

11.2 Limitations

The main limitation of this paper is that we have only collected data on one place or
region and in a fixed time span. Because we lack comparable data from other regions
(indeed from any region), we cannot say whether our data are representative of a
population of pleasure craft skippers or not. However, the lack of comparable data does
not reduce the validity of our results; it just makes generalisation much more challeng-
ing. However, we can say that our findings regarding the number of pleasure craft
which ignore basic navigational rules are in line with what has been described in other
national reports (e.g. Norwegian Maritime Authority 2012). Now, we still need data
from other parts of the world to say anything about the extent of national/cultural
differences between the navigation of pleasure craft. However, our method described in
this paper can be used in all parts of the world to gather information about the extent
that pleasure craft pose a risk for small passenger ferries.

The present project did not gather data before 10 o’clock in the morning each day,
thereby losing some information from the morning. This was a time of day that we later
understood was quite busy as many pleasure boat owners sailed out early in the
morning. Hence, we lost a number of possible observations. Despite this, we believe
that the sample size is sufficient to describe and categorise the majority of navigational
events and incidents that normally occur in Husøysund.

One challenge with our data is that we do not know whether (and if yes, when) the
captains of Ole III thought they had the right-of-way. We know that they did not always
act like they had the right of way as they waited and gave way for a number of vessels
coming from the starboard side. This creates a challenge for our interpretation of the
data relating to incidents with vessels coming in at Ole III’s starboard side.

Differences in environmental conditions, such as poor weather, reduced sight
distance and the presence of heavy winds, waves and currents, have not been discussed
in the present paper. There are a number of reasons for this—first, the summer of 2018
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was exceptionally hot and dry with very few days of heavy rain and high winds which
led to a large number of pleasure craft out in the Oslofjord area over the whole
observational period—thereby increasing the number of observed crossing situations.
Unfortunately, it did not allow us a real possibility to investigate the effects of weather
on crossing situations and operation of the passenger ferry simply because there were
almost no days with rain and/or winds. Also, in Norway, there is a tendency for
pleasure craft skippers to go out to sea when the weather is good. In poor weather
conditions, most pleasure craft are docked; hence, a number of interactions between
pleasure craft and ferries are fewer than those during good weather conditions.

12 Conclusion

We observed deviations from COLREGS by pleasure craft in 279 (8.8%) out of 3153
situations where other vessels were on a crossing course with Ole III. The majority of
incidents observed were due to the lack of adherence to navigational rules by pleasure
craft coming towards the port side of Ole III (i.e. the pleasure craft failed to follow the
rule that you have to give way to vessels on a crossing course that is on your starboard
side). This aspect needs to be addressed through the training of pleasure craft skippers,
which in Norway unfortunately is not required for skippers born before 1 January 1980
(Department of Commerce and Fisheries 1998). We also found that active control
strategies such as keeping heading and speed and communicating/using the horn were
associated with higher risk situations.

Incidents involving events where vessels coming from the starboard side of Ole III
are further complicated by the interpretation (or lack of knowledge) of Rule 44 in the
national regulations (Department of Fisheries and Commerce 1975) which says that
pleasure craft should keep away from commercial vessels travelling according to a
schedule. In this case, events can be caused by the differing intentions of the skippers of
the involved vessels (as described in Table 3). It is also possible that some of these
incidents could actually be created by the captains of Ole III if they insist on following
Rule 44 contrary to the other vessels’ expectations. Our suggestion to solve this
challenge for small vessels that interact with pleasure craft is twofold: first, to have
small passenger ferries adopt largely passive control strategies—to the extent that they
give way to vessels to their starboard side—and second, to create a way in which small
passenger ferries can communicate its intentions to pleasure craft who do not have
equipment such as radar, AIS or other advanced navigation systems. This is, as
mentioned by Porathe (2015), a possible topic for future research.
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