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ABSTRACT

Since the 1950s, the shipping industry has undergone profound changes, comparablein
scale to those resulting from the advent of steam in the last century. This transformation
has been shaped by many historical events and facilitated by the introduction of new
technology and new commercid, operational and managerid practices, and it has clear
implications for current research into the causdity of marine accidents; technological

developments, for example, have led to the so-called ‘ radar-asssted collisons .

It is often said in the industry that 70-80% of maritime accidents are dtributable to
human error. What is less wdl known, however, is that in the mgority of these cases,
the factor which has consstently been identified as a mgjor contributory link in the chain
of events leading to an accident, is fatigue. Because of this, it isimportant to continue

research into the causes and incidence of fatigue in seefarers.

The objectives of this pilot Sudy were: to investigate the quality and quantity of deep
among crew employed on the short-sea ferry sector; to evauate the extent to which
poor qudity deep occurs, and to identify the factors contributing to poor deep qudity.

The subjects of the study were 12 crew members of different rank and with different
work patterns from two UK -flagged short-sea pax/ro ferries. Background information
on the participants was collected via questionnaires. Data on the duration and qudity of
deep were collected by the use of wrist-worn actimeters and by sdlf-report deep logs,
while sef reports of dertness were collected at two-hourly intervas during each wakeful
period. All the above data were collected during a complete tour of duty comprising

one week at sea followed by one week of leave.

The week-on / week-off work schedule alowed comparisons to be made between the
deep patterns of aworking week at sea and those of arest week a home. The findings
indicate that differences in both deep quality and duration of deep between the work

and non-work weeks were greater for those crew members required to work split



shifts. Furthermore, they experienced greater deep disturbance and generaly shorter
deep periods than crew members who worked a single shift every 24 hours.

The gatigticd andyses presented in the current sudy show a sgnificant differencein the
tota number of hours deep between the home and work schedules, and reved asmilar
difference in the incidence of deep disturbance.

While further and more substantia examination into different shift patterns is required,
there are dready clear indications of a need to regppraise traditiond watch regimes on
board. This pilot Sudy is the first phase of an extensve investigation into deep and
fetigue in seafarers work patterns, which is being carried out under the name of
SEAFATIGUE. It is to include persond and environmentd factors and is to be
conducted within different shipping sectors of deep-sea and coastal trade.

Thefind objective of the SEAFATIGUE project is to provide the maritime industry with
aresource of detalled technicd data on fatigue among seefarers, in order to facilitate the
formulaion and implementation of sound, proactive paolicies in areas of employment
practices, manning levels, shipboard ergonomics, shiftwork patterns and the training of
sedfarers in fatigue management.

This pilot dudy is the result of ajoint collaborative project between the Seep Research
Laboratory a Loughborough Universty and the Seafarers International Research

Centre at the University of Wales, Cardiff.
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INTRODUCTION

The world-wide concern over the effects of fatigue in the transport industry is apparent
in the research into deepiness and accidents that has been carried out with particular
reference to the road-transport and air-trangport industries (Work Hours, Seepiness
and Accidents: Journal of Seep Research, Vol. 4: Entire Supplement No. 2, 1995).
This and other such research has resulted in the introduction of improved regulations for

hours of work and rest periods for professond drivers and airline pilots.

Since the 1950s, the civil aviation indusiry has invested consderable research and
development resources in the area of sdfety, with particular emphass on the human
eement. In contradt, the shipping industry alocates a much smaler budget in this fied,
only until recently addressing theissue.

Recent investigation into marine accidents and their causes suggests thet around 80% of
these are caused by human error. The Donadson report, moreover, points to human
error as the root cause of virtudly al accidents (Donddson, 1994). Even though the
chain of causation in marine accidents is long and complex, fatigue has recurrently been
identified as ether the primary cause or a mgor contributory factor. The same is true
for near-misses and unsafe practices. Too many accidents result in loss of life (asin the
case of Herald of Free Enterprise) or mgor incidents of pollution (as in the Exxon
Valdez), as well as representing enormous costs to shipowners, shippers and society in
generd. Widdy publicised accidents, however, give just a smdl indication of the many
other incidents attributable to fatigue that go unreported.

In recent years, the number of marine accidents and their consegquences have forced the
shipping industry and its regulatory bodies to regppraise their position regarding safety at
sea. The current concern to make marine transport both safer and nore efficient has
seen a shift from a predominantly technologica approach towards an increasingly
human-orientation. The measures taken so0 far include regulaions governing training,

certification, and the working hours of seefarers, as well as the introduction of qudity
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gandards by shipowners and shipmanagers. The introduction of new guidelines for the
investigation of marine accidents has dso been indrumenta in identifying the causes and
extent of fatigue within the indudry.

Regulations on Working Hoursand Rest Periodsfor Seafarers

The main measure taken by the industry againgt fatigue among seefarers has been the
introduction of regulations on working hour limits and rest periods. In the padt, this
gpproach has had little impact, due to the low levels of participation of Hag States in
ratifying relevant internationd conventions, the ineffectiveness of enforcement
mechanisms in port states, and the lack of a holistic gpproach in addressing the root

causes of fatigue.

The firg internationd convention dedling with seafarers working hours was the
International Labour Organisation (ILO) Convention 109 (1958) on Wages, Hours of
Work and Manning (Sed). The practica outcome of this Convention, however, was nil;

asonly 15 member States ever rdified it, it never cameinto force.

In 1996, as a replacement for Convention 109, the ILO Maritime Conference adopted
Convention 180. This Convention applies to al seafarers on board (watchkeepers and
day workers). Under the provisons of ILO 180, signatories to the Convention must
implement EITHER a maximum working limit of 14 hoursin any 24-hour period and 72
hours in any seventday period OR a minimum of 10 hours rest in any 24-hour period
and 77 hours rest in any seven-day period. Convention 180 alows parties to grant
exemptions from these rules, based on the type of trade, leave arrangements, etc. Work
schedules must be posted and records of working hours kept for inspection. To date,
ILO 180 has not come into force and will do so only when a minimum of five member

datesratify it.

A protocol to ILO Convention 147 (Minimum Standards Convention), adopted in
1996, incorporates the provisions of 1LO 180 as a measure of inspection of labour
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dandards. The implications of this are that, once a member Sate ratifies ILO 147, its
Port State Control will be able to inspect vessels to ensure that requirements of ILO
180 are adhered to by dl nationd and foreign vessds cdling a ther ports,
independently of whether the vessdl’s flag adminidiration has ratified the convention or

not.

In addition to ILO regulations, the Internationd Maritime Organisation (IMO) has
addressed the issue of fatigue and rest hours through its Convention on Standards of
Traning, Cetification and Watchkeegping (STCW), as amended in 1995, and the
International Safety Management (1ISM) Code. The revised STCW Convention applies
only to officers and ratings on watchkeeping duties. It does not apply to dayworkers,
including the madter of the vessdl or the chief engineer. More often than not, these two
key persons are overworked and are liable to be affected by chronic and acute fatigue.
The fitness for duty requirements (Reg V111 / 1) prescribes that watchkeepers must have
a minimum of 10 hours rest in any 24-hour period, divided into no more than two
periods, one of which must be at least six hours long. The 10 hours minimum rest in
24-hours may be reduced to 6 consecutive hours, provided this reduction is only for 2
consecutive days and provided not less than 70 hours' rest is provided each seventday
period. Watchkeeping schedules must also be posted. The STCW regulations came
into force in February 1997.

The ISM Code is an internationd standard for establishing a system for shipowners to
ensure the safe management and operation of vessds and safeguard againgt pollution.
The 1SM addresses human involvement in the shipping industry, both at seaand ashore.
One of its stated objectives is to prevent human injury or loss of life, both of which can

occur through fatigue.

There are evident ambiguities and overlaps between ILO 180 on hours of rest or work
and STCW precriptions of minimum rest.  The former may credte difficulties in
implementation because of the exemptions dlowed, while the latter does not provide

detailed guidance on working-hour regulations.
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Furthermore, other maritime adminigtrations enforce their own limits, which undermines
the effectiveness of globa regulations. For example, the United States of America,
under the provisons of the Oil Pollution Act 1990 (OPA-90), has its own unilaterd
regulations governing work/rest periods, viz., 15 hours in each 24-hour period and no
more than 36 hoursin a 72-hour period, for al vessels cdling at US ports.

The standards set in the STCW Convention aready in force are applicable on an dmost
globa bass, as 132 member dates have ratified the Convention. In contrast, ILO
Convention 180 has ill to be ratified to come into force. The European Union may,
within the next 18 months or so, incorporate the ILO provisonsinto European Law with
the am of enforcing it through port state control.

It remains the responsibility of signatory states to provide the pertinent nationa Statutes
to implement regulaions set out in internationd Conventions.  In Greet Britain, the
Maritime and Coastguard Agency (MCA) issues statutory Merchant Shipping Notices
(MSN), giving guidance on the gpplication of regulations. The mandatory prescriptions
governing fatigue are contained in MSN 1682 (April 1997) in accordance with
regulations specified by the Secretary of State under the Merchant Shipping Regulations
(Safe Manning, Hours of Work and Watchkeeping) to implement STCW Convention
requirements on rest periods. The regulations gpply to al seagoing United Kingdom
registered merchant ships and to foreign ships when they are in UK waters. Ships that
fall to comply with these regulaions may be detained until deficiencies are dedt with to
the satisfaction of the UK authorities.

The crews participating in this pilot sudy are governed by MSN 1682, and therefore
adhere to the minimum STCW fitness-for-duty requirements.
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Previous Resear ch into Fatigue Among Seafarers

From the Torrey Canyon to the Exxon Valdez, the incidence of marine accidents
highlights the urgent need © investigate current work hours and watchkeeping systems
that have been followed without any mgor modification snce the last century when
conditions onboard were totaly different from the redity of life a seatoday.

Other less well known accidents gve first hand evidence of the disastrous effects of
fatigue and unsound regulations. In July 1996, the Peacock a reefer operdaing in
Audrdia with digpensation from its maitime adminigratiion for One-Man Bridge
Operation (OMBO), ran aground in the Great Barier Redf. Invedtigations into the
accident concluded that the pilot had failed to dter course. This was caused by the pilot
having fdlen adegp 15 minutes before the incident took place only to be woken by the
impact of the grounding.

In March 1997, the Cita a German-owned feeder containership, ran aground off the
English Channd. The mate, who was keegping a one man bridge watch at night, had
fdlen adeep in the whedhouse two and a hdf hours before going aground. The officid
investigation into the accident reveded that the solo watchkeeper was short of deep due
to the shipboard regime. The Cita, as many other shortsea ships, was being operated
with only two watchkeepers on a six-on, sx-off regime.

Severd studies conducted in Europe and America have researched the extent of fatigue
among seafarers working in different sectors of the merchant navy and the armed forces.
These sudies have provided the scientific literature on which regulaions have been
drafted.

Invedtigation of the causes and effects of fatigue at sea are complicated not least
because of the huge variation world-wide in ship types, trades, manning levels and living
conditions on board ship. To reach any meaningful conclusons on fatigue among
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seefarers it is therefore necessry to examine the different sectors of the shipping
industry.

Recent studies have used different gpproaches into measuring fatigue and analysing the
impact of different watch patterns. Rutenfranzs, et. d. (1988) used sdf-report measures,
Condon, et d., (1984) measured physiological processes, while Colquhoun, €t. al.
(1988) used acomhbination of physologica, behaviourd and sdf-report measures.

Sanquigt, et d, (1997) caried out a survey on mariners from tankers and dry cargo
ships sailing between ports on the US West coast. Based on the collection of work and
deep patterns, the study concludes that there is a fatigue problem in the shipping sectors
andysed. The key features identified by the study as characteridtic of the deep of

scafarers are;

An overdl reduction in deep time between working at sea (6.6 hours) and a home
(7.9 hours).

Fragmented (and therefore poorer quality) deep

Having to attempt to deep at physiologicaly inappropriate times

Insufficient bresks for rest between shifts

Poor deep quality in the main deep period (due to environmenta conditions, e.g.
noise)

Long work days

Watchkeepers dept less and their deep was of poorer qudity than that of day

workers

These findings suggest that the 4-on, 8-off watchkeeping pettern is the primary
contributor to the fatigue problem. Sanquist et d. aso report that seefarers show an
inconggtency in dertness levels over the day, with a substantid drop in dertnessin the
2000 to 0000 watch, overestimated aertness on the 0000 to 0400 watch, and a
sgnificant decline in dertness on the 0400 to 0800 weatch. These findings are consstent
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with gtatistics collected by the insurance sector on the incidence of shipping collisons at
each hour of the day (Figure 1).
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Fig 1. Incidence of Shipping Callisonsat Each Hour of the Day
(UK P&1 Club, 1992 at Sanquist et d, 1997)

[%2]

c

Qo

2

©

o

(2]

£

Q.

2

<

1]

-

(]

-

c

Q

(8]

9]

o o O O O O O O O O O O O O O O O O O O O o o o o
O o4 AN M < I O I~ 0 O O A N M & IO O~ 0 O O +4 N ™M
O O O O O 0o oo oo d d d d d 4 4 4 «+4 «+4 N N N «

hour of day

Brown (1989) researches into the judtification for regulating hours of work at sea and
gives guidance to policy-makers on the form that such regulations should take. The
report highlights the need for objective evidence of fatigue at sea, advisng on acomplete
redesign of marine accident reporting and investigation. On al circumstances dl detailed
information should be collected on dl factors linking fatigue to safety. For example, in
order to determine if an accident could be attributed in whole or in part to fatigue dl
accident reports should include information on watchkeeping patterns, exact time of
inddent, how long the crew member had been on watch, and the duration of the
watchkeepers deep/rest periodsin, at least, the 48 hours prior to the incident.

Although this information cannot prove conclusvely that fatigue was wholly or partly to
blame in any incident, it can be used as an invauable insght to what may have
happened, and in terms of faigue/despiness, is vitdly important. Such information has
been particularly useful in recent research into deepiness related vehicle accidents
(Horne & Reyner, 1995), and may help to explain many shipping accidents.

Brown aso proposes a series of regulations encompassng minimum rest and work

periods, gpplicability of regulations, record and ingpection of watchkeeping time
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records, and the liability of masters and shipowners. Most of these were incorporated in
the find regulations of the STCW and ILO 180 Conventions.

The problem of fatigue at sea is further exacerbated by the lack of awareness among
crew members of work hours regulations, as well as the general causes and implications
of faigue To date there are no mandatory regulaions prescribing training on

management of fatigue for seefarers.

A survey caried by the United Kingdom Nationd Union of Marine, Aviation and
Shipping Trangport Officers (NUMAST) among British seefarers (Give us a Bresk,
1997) highlights the little impact that new work regulations have had on British seefarers.
Around 95% of those surveyed said that their work hours had not reduced as a result of
the new hours of work regulations (STCW). 90% said that they worked 10 or more
hours per day. 56% said that they consdered that their working hours present a danger
to hedth/ safety of the ship.

The International Transport Federation (ITF) carried out another survey among 2500
seefarers of different nationalities (ITFMORI Seefarers Living Conditions Survey,
1996). The returns evidence long working hours and a widespread fatigue problem. This
report aso concludes that, despite recent regulations, far more work needs to be done

to address the problem of fatigue among seefarers.

In May 1996, The Seafarers Internationa Research Centre (SIRC) convened a
research workshop in response to the growing need for a comprehensive review of
exiging research work on fatigue within the maritime and other transport industries. The
discussions were conducted by a group of expertsincluding seefarers and psychologists.
The pilot study reported here emerged as a result of the workshop at which quaity and
quantity of deep was identified as aninitid areafor research. The study was conducted
on two pax/ro short seaferries on the Irish Sea. This report outlines the studly, its results
and discussion with proposas for further long-term study on different sectors of the
internationd shipping industry.
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AIMS OF THE STUDY

The main ams of this pilot Sudy were:

1. Invedtigate and compare the quantity and quality of deep between day-workers and
shift-workersin the short sea ferry sector, both on board and during leave periods.

2. Andyse the extent to which poor quality deep occurs in the short sea ferry sector.

3. ldentify causd factors relating to poor deep qudlity.

Other generd ams were to evduate the methodology used in the pilot study for data
collection and analysis, and, if necessary, revise it for use in subsequent phases of the
project; and to identify other areas of research related to the issues of fatigue and deep
deprivation in the maritime industry.

METHODS

Twelve participant crewmembers were sdected and divided into two separate groups of
6. They were examined during one complete tour of duty comprising one week at sea

followed by one week a home.

The methodological approach to this pilot study was to combine self-report deep logs,
questionnaires and wrigt-worn actimeters to gather data on the quantity and qudlity of
deep of the crews who volunteered to participate.

Measurement Tools

Genegrd Quedtionnaires. Used to obtain genera background information about
participants. It was completed by the participants during the week at sea.

Log Books: Used to obtain saf-reported deepiness data, deep timing and duration.
The log books covered the 7 day work schedule and were completed every day to
show participants work/rest activities. Each day aso festured a self-assessment
deepiness scae. (The Karolinska Sleegpiness Scae, KSS, Akerstedt & Gillberg,
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1990) which participants completed every two hours. This is a scde which ranges
from 1 (‘Extremdy Alert’) to 9 (‘Very Seepy, greet effort to stay awake, fighting
sleep’). Raticipants are asked to rate their level of deegpiness and aertness on a
scale 9. This scae has been usaed extensvely in deep research, to obtain sdf-
reported day time deepiness data. Participants completed two log books, the first
one a the end d the week a sea and the second one at the end of the week at

home.

Figure 2. The Karolinska Slegpiness Scale- Akerstedt & Gillberg, 1990

Extremely dert

Very dert

Alert

Rather dert

Neither alert nor deepy

Some dgns of degpiness

Sleepy, but no effort to keep awake

Seepy, some effort to keep awake

Very deepy, great effort to keep awake, fighting
deep
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Actimeters. Used to determine the qudity and quantity of participants deep. Each
volunteer wore awrist worn actimeter smilar in size and weight to a wrist-watch for
the two-week testing period. Data from the actimeter was downloaded to a control
computer at the end of the week a sea and again when returning back on board after
the week of leave. The actimeter is considered one of the least intrusive measurement
ingruments. The only operation required from the participant is to press an ‘event’
button on the top of the actimeter once when about to go to deep, and then again
upon waking up. The actimeters measure movement in 30 second epochs.

Selection of Ships

Because of the general aims and nature of the study, a short sea route was selected. The
research team received the generous co-operation of a shipping company operating

short sea pax/ro vessels in European waters. Access to the crews of two such vessels
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was granted to the research team. To ensure confidentidity to participants neither the

ships or the company are identified by their names.

Table 1: Ship description

Ship1 Ship2
Ship Type pax/ro pax / ro
Capacity 1832 pax / 515 cars 2100 pax / 500 cars
Y ear Built 1980 1986

Type of trade short sea pax / ro ferry
Area European waters
Ship Schedules 2150- 0120 atsea

0120- 0315 port

0315- 0645 at sea

0645-0900 port

0900- 1230 at sea

1230-1500 port

1500-1830 atsea

1830-2150 port

Ships deployed on this route do four crossings in any 24 hour period. The steaming time

for each crossng is gpproximately 3.5 hours. The turnaround time in port is between 2

to 3 hours. The evening stop the longest of dl (1830 - 2150; 2h 30 min) and thisisthe

period when safety drills are carried out.

The shipowning company operates a large fleet of ferries deployed in fifteen different

routes in North West Europe. The fleet is operated and maintained to the highest

dandards, exceeding al European and international regulations on management

practices, safety, manning and pollution. The safety record of this company is excellent.

To date, no vessel owned or chartered by them has ever been involved in any mgor

marine accident.
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There was no marked digtinction between the standard of accommodation and amenities
available to the crew on either of the ferries. The crews living quarters conform to
international standards on minimum areg, vibration and noise leves, lighting, ventilation,
and safety regulations. The standard of crew accommodation on board both ships is
satisfactory and there is no evidence of any serious deficiency that may affect negatively
the crews deeping patterns. Nevertheless, some crewmembers reported a degree of
deep disturbance caused by the noise of cargo operations while at port.

The ferries participating in this pilot study were predominantly manned by British and
Irish nationdss, hence the multicultural eement, characteristic of other shipping sectors, is
less marked. English was the officid language on both ships.

The Participants

The subjects of the study were 12 mariners, 6 from each ship 1. Data were collected
during the tour of duty comprising one week on board followed by one week leave at
home.

Taking into account that the ferries operate on round-the-clock schedules, the study
included dayworkers and shiftworkers in order to alow comparison on deep patterns.
Table 2 gives a summary of the participants and job descriptions. One crewmember per
ship was drawn from the listed categories. Data from corresponding categories was then
meatched for the two ships. Appendix 1 shows the literature used to brief volunteers for
the study.
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Table 2. Postion and job description of participants
Position Watch schedules Reported working hours Responsibilities
per week (STCW based)
Master 0800 - 2130 ship 1: 90 hours a management level:
ship 2: 98 hours navigation
category: cargo handling and
dayworker, stowage,
command controlling operation of
the ship,
care for persons on
board
Mate/ Master 2030 - 0400 ship 1: 98 hours at management level:
0600 - 21000 ship 2: 84 hours -+ havigation
category: cargo handling and
shiftworker stowage,
command controlling operation of
the ship,
care for persons on
board
2nd Officer 1130- 1730 ship 1: 84 hours a operatlonal level:
2130- 0330 ship 2: 98 hours navigation
category: cargo handling and
shiftworker stowage,
controlling operation of
the ship,
care for personson
board
2nd Engineer 1200-1800 ship 1: 84 hours at management level:
0000 - 0600 ship 2: 84 hours - marine engineering,
category: electrical, electronic
shiftworker control engineering,
mai ntenance and repair
controlling operation of
the ship,
care for personson
board
3rd / 4th Engineer 0000 - 0600 ship 1: 75 hours a operatlonal level:
1130- 1600 ship 2: 74 hours marine engineering,
category: electrical, electronic
shiftworker control engineering,
mai ntenance and repair
controlling operation of
the ship,
care for personson
board
Hotel Repair Man 0700 - 2100 ship 1: 84 hours at support level

category:
dayworker

ship 2: 90 hours

mai ntenance and repair
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All crewmembers participating in this sudy comply with the minimum rest period (70
rest hour per week implying a maximum of 98 working hours per week) prescribed by
the STCW Convention. Their working hours are divided between watchkeeping duties,
routine work outsde watchkeeping hours and overtime arising from the round-the-clock
operation of the ferry. Routine work includes planned maintenance and paperwork while
overtime covers ariva and departure manoeuvres, safety drills, and any emergency
gtuation faling outsde norma working hours. Except in the case of a life or sfety
threstening emergency, rest hour limits are gtrictly adhered to.

The watchkeeping regime kept on board the ferries is designed to accommodate the
operation schedule of the ferry taking advantage of the relative short tour of duty on
board (one week). Hence watchkeepers do not observe the traditiona 4&8 or 6&6
watch regimes used in other sectors.

All participants were male. The mean age was 43.2 years. The age range being from 31
to 50 years. On average, participants had worked 24 years a sea and 9 for the

company.

The ligt of responghilities of the different crewmembers is based on the task divison of
STCW competence regulations. The category classfication divides crewmembers
between dayworkers and shiftworkers. The master and mester/mate are further
categorised as command personnd as they are required to be on the bridge when
making a landfall and for piloting the vessdl in and out of redtricted weaters. Additiondly,
according to established bridge procedures, they are on 24-hour cdl in case of
encountering heavy traffic, reduced vishility, exceptiondly heavy wegther, in the event of
propulsion and navigation equipment falure, in the event of a generd emergency, and at
any time when the watchkeeper on the bridge isin doubt as to what is the best course of

action to follow.
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Because of the relaively short crossng distance a great part of it is done in restricted
waters. Whether the high leve of dress that thiswill bring in the bridge team contributed
to fatigue and deep disturbance was not determined in this pilot study.

During the period data were collected on board, there were no reports of heavy
wegther or any other abnorma dtuation, eg. an emergency, that may have affected
negatively the qudity and quantity of deep of the participant mariners.

PROCEDURE

The different types of data were collected in two phases. Phase 1, corresponding to ship
1, took place in February 1997 while phase 2, corresponding to ship 2, took place in
July 1997. The research protocol was smilar on both vessdls.

Six volunteer mariners from each vessal wore actimeters for one week at sea, and one
week & home. They were asked to complete background information questionnaires
regarding their degping habits and use of gimulants, eg. caffeine. (see Appendix 6 for
background questionnaire data). Participants aso filled pocket-sized log books (see
appendix 5) with supporting information on work / rest activities.

For phase 2, the research team decided to incorporate a Karolinska Segpiness Scdein

the logbook which respondents were requested to complete at two hour intervals.

In both phases, three members of the research team went onboard to explain the nature
of the study and introduce the research protocol to the participants. For phase 2, one
researcher remained on board the ship for the working week, to facilitate data collection
and observe shipboard routine.

The logbooks were digtributed to participants on the first day of the working week on
board ship and collected by the end of the same week before they went for leave. They

were issued with a second logbook to cover the week at home. Smilarly, actimeters



Fatigue in Ferry Crews - A Pilot Study 18

were given to paticipants on the firs day of the working week. Data from the
actimeters was downloaded both at the end of the first and second week. The
background information questionnaires were completed during the first week at sea.

RESULTS

Self-Report Logbook and KSS Ratings

Figure 4 shows the mean sdlf-reported deepiness of atypical participant across the 24
hour period, at sea and at home. As the graph shows, during the working week at sea,
he remans awake longer, dthough weking & a smilar time, and his dertness
deteriorates towards the end of the day more markedly than during the week a home.
For safety considerations, participants should not fed afatigue level equivdent to aKSS

index greater than 5 while working at sea.

Figure 3. Participant 10, Mean Sdlf-Reported Sleepiness Ratings
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The data below represent the average Seep Disturbance for al 6 subjects, for each of
the 5 subjective deep quality ratings. The graph of this data clearly shows that there isa
relaionship between subjective degp qudity ratings and actud deep disturbance as
mesasured by actigraphy.

Figure4. Mean SDI for Self-reported Sleep Quality
(asmeasured by: Last night | dept.....)

17.96%

Extremely well Very well Fairly well Rather badly Extremely badly
Self-Reported Sleep Quality

This data can be examined in conjunction with the mean KSS for each period of
wakefulness, in order to examine the effects on self reported deepiness, of agood / bad
night deep. the graph below shows the mean SDIU and mean daytime deepiness
following each of the sdf-reported deep qudity ratings.

Figureb. Sdf-reported deep quality vs. SDI and mean KSS ( n = 6, 14 nights)
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Sdf-reported deep qudity can dso be examined in terms of how subjects felt a short
time after waking up from their deep period. The graph below shows this in the same
way as above, in conjunction with SDI and the mean KSS of the waking period which
follows each deep.

Figure 6. Mean SDI for Self-Reported Sleep Quality
(as measured by: ‘15 Minutes after waking | fdlt.....")

Mean SDI for Self-Reported Sleep Quality' (n=6)
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This analyss shows firgly the relationship between deep disturbance and sdf-reported
degp qudity (i.e. sdf-reported deep quaity increases as SDI decreases). Thisis true
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for both measurements of sdlf-reported deep qudity (immediatdy on waking, and 15
minutes after). Surprisingly it so shows that daytime dertness (KSS) following a poor
deep (as measure by SDI and sdlf-reports) actudly increases.

Actigraph Data

The actigraph data shows the periods of activity and inactivity throughout the 24 hour
period (an exampleis given in fig.7). From this we can estimate the onset and offset of
deep, the duration of each deep period, and the percentage of this degp which is
disturbed. The latter is known as the Slegp Disturbance Index, or SDI, and can then be
plotted againgt deep length. Figure 8 shows deep length as a verticd bar, while the line
is some indication of deep qudity (SDI). Participants can experience a lengthy deep,
but it can be greetly disturbed, and therefore less beneficid.

Fig 7. Example of Actigraph Data
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The SDI can be compared with the KSS sdlf-reported deepiness data. For example,

when a participant experiences a short deegp with a high leve of disturbance, there is

increased sdlf-reported degpiness during the following day (and vice-versd), which is

seen in the deep profile graph (see fig.8), displaying deep length againgt SDI for one

participant both at work (black) and a home (white).
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As the graph shows, this participant works a split-shift, and therefore has two deep
periods per day, compared to one per day a home. It is clear from this graph that 1)
deep length is greater and more sable a home than at work, and 2) that SDI is
amilarly constant at home, and less predictable at sea (see gppendix 8 for actigraph
data).

Figure 8. Participant 09 Sleep Length vs. SDI
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This can be related to the deep profile graph (fig.9, below) $owing the mean KSS
ratings for every period of wakefulness (upper black horizonta bars) the length of each
deep period (lower black horizonta bars) and the percentage of each deep which is
disturbed (SDI - deep disturbance index - verticd black bars). Asthis graph (of the
week a home) shows, dthough Sleep length and SDI remain reasonably congtant
throughout the week, the mean KSS at the beginning of the week is below 6 (' Some
sggns of deegpiness’), and this dowly increases as the week goes on. This demonstrates
that it took this participant about 4 days to recover from the working week, and return
to areasonable level of saf-reported alertness (i.e. above KSS5).
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Figure9. Participant 08 Seeep Profile (Home)
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The two graphs below show the mean deep length and SDI per 24 hours for each
participant a work (fig. 10) and a home (fig. 11). Participants 01-06 were tested
during phase 1, while participants 07-12 were tested in phase 2. The vertical black bars
show the mean deep duration per 24 hours for each participant, at work and at home,
while the smdler grey bars show the SDI or deep disturbance index for the same
period. It is immediately clear from the two graphs that firgly there seems to be a
difference in deep length between the home and work periods, and secondly that there

isasmilar difference for SDI.

Figure 10.Mean Sleep Length vs. SDI (Work)
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Figure 11. Mean Sleep Length vs. SDI (Home)

600

Mean Sleep Length / SDI (Home)

Mean SLEEP (Home)
O Mean SDI (Home)

500 T

400 1

Phase 1

Phase 2

100%

[ 90%
[ 80%
[ 70%

[ 60%

S]eep I 50% SDI
(minutes)

[ 40%

200 1 L 200

100 - { 20%

I 10%

0 0%

01 02 03 04 05 06 07 08 09 10 11 12
Participant
STATISTICAL ANALYSIS

Sleep Length

For the group of 12 participants, tested with a repeated measures t-tet, the examination

of work vs. home produced a significant result (t=2.65, df.=11, p=0.023) for deep

length, i.e. participants dept for significantly longer per 24 hour period a home than a

work.

Sleep Disturbance Index

Similar andyss of the work/home data for SDI highlighted a near sgnificant trend
towards a difference in degp disturbance index (t=-2.09, df.=11, p=0.061) i.e. that

participants tended to experience more deep disturbance while at sea than at home.

DISCUSSION
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Overdl, there appeared to be no serious deepiness problems on these two ships.
Although the crew had significantly less deep at sea than at home, and there was a
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trend towards amilar differences in the deep disturbance index (i.e. participant’s deep
was generdly more disturbed a sea than a home), their daytime deepiness
measurements did not reved any serious difficulties. However, as the KSS data from
the logbooks shows, there is evidence to support an increase of saf-reported deepiness
over the week a work. Thisin turn would suggest that performance would deteriorate.
Hence there is a need for measures of performance in order to ascertain the true impact

of any fatigue problem on different aspects of the sesfarer’s job.

This dudy probably represents ‘the best case scenario,” and there is much need for
further research into more problem areas of the industry. Therefore this sudy is
important in terms of its use as a marker for a reaively ‘good ship’ in terms of faigue
etc. Invedtigations should be made into other areas of the shipping industry, using some
of the methods developed in this study. This and related research could be applied to
the controversa use of one-man bridge operations, as used in Audtraian waters along

the Greet Barrier Reef, exemplified by the grounding of the Peacock in July 1996.

However, there are some problems with the sudy design. Because of the smdl sample
Sze, it was not possible to reach any conclusions about differences between the deep of
the shiftworkers and the non-shiftworkers.

It was useful to have the researcher on board during phase two of the study. The
participants became familiar and were able to provide him with information. One
participant aboard ship 1 mentioned the completion of work logbooks: ‘that it takes
longer as the shift goeson.” Another participant noted that there was no time between
deep and work to wake up, that ‘work gtarts straight away, when we are not at our
best, mentdly.....it takes 12-15 minutes to wake up mentdly.” Other (split-shift)
participants claimed that the ‘by the time your mind is working at it full rate, it istime to
relax.’ This causes other distractions to be made worse.  Participants would like to
work for longer, and then have more time off. They ds0 suggest that the asymmetry in

dertness between those coming onto-, and those going off-watch, causes problems.
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Although this study produced a good response rate from participants regarding self-
report data, this may be atributed to the presence of the researcher on board ship
during phase 2 of the study, which leads us to suggest having reward systems, with
incentives to improve response rates. Also this could be used to help in the collection of
actimeter data, as participants can sometimes forget to replace actimeters after bathing
etc., and thisleaves ‘gaps in the data.

CONCLUSIONS

This investigation indicates that the methodologies employed within are effective, and
auitable for testing seefarers while a work (at sea) and a home. There is no red

evidence to suggest that there is a severe problem with fatigue aboard the ships studied.
This study can contribute towards a standard with which to measure fatigue etc. aboard
other types of ship, in other trades.

There is further need to conduct paralld research, on anecdota evidence, and fatigue-
related marine accident reports. Clearly there is strong support for Brown's (1989)
suggestion that more information relevant to circadian factors is required in the
invedtigation of accidents, and that this information should be logged for Al
watchkeepers, and available for monitoring by the Magter of the ship. Recently there has
been more work done on investigating fatigue among seefarers. Reports such as the
‘Sedfarer Fatigue: Wake up to the Dangers  publication from the ITF, and other survey
based research is successfully creating awareness of the problem. But the full extent of
fatigue in the maritime indudtry is not yet dear, due to the lack of vitd information
relevant to circadian biologica rhythms and aso alack of any evidence on the problem.
More systematic detailed investigations and investigations of fatigue on different ship
types and in different areas of the world are necessary.
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